Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
16

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Rosia Montana, 24.07.2006

RMGC internal unique code

MMGA_0081

Proposal

What will happen when blasting procedures will be conducted at Rosia Montana by using between 20 and
60 tons of explosives? If 20 tons of explosives will be used for blasting through a network of drill holes or
through galleries, which are provided with blasting chambers, the seismic wave will propagate around it on
a distance of 8Km.
The quantity of TNT mentioned in the question is over-exaggerated, and the tendentious wording of the
question is misleading, since the EIA does not indicate such quantities. All details related to the blasting
technologies can be found in Chapter 2 – Technological Processes, Section 4.1.1.2 Mining Works.
In reality, during a blasting phase, up to 1,296 kg AM will be detonated, resulting in a mining mass of
8,000 – 10,000 t. In order to obtain the daily production (tailings and ore), the movement of the rock of
approx. 28 - 32 exploitation panels is necessary, respectively the detonation of a quantity of approx. 10 t
of explosive AM-type, as presented in Chapter 2 – Technological Processes, Section 4.1.1.2, p. 60 et seq.
The priming will be of sequential type and NONEL-type non-electric fuses (non-electric) and detonating
wire will be used, technology that assures a mining mass crushing degree compatible to the loading
machines capacity and determines the reduction of the exploded rock spreading area.
For the definitive outlining of the pit sides, bore holes similar to those used for mining will be used,
having though a smaller explosive quantity with approx. 20% compared to the production holes, the start
being given by dynamite cartridges.
For the detonation the NONEL technology will be used.

Solution

The load blasting order will be performed with micro delay, from the hole center to the base part and to
the upper one, and from the center hole of the first row to the side extremities and to the following rows,
technology that assures the significant decrease of the seismic intensity and an increased effectiveness of
the rock movement explosions.
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorized equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of the
potential noise and vibration impacts from Project activities. These preliminary estimates apply to major
construction activities, as well as the operation and decommissioning/closure of the mine and process
plant. They are documented as data tables and isopleth maps for major noise-generating activities in
selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through 4.3.9. All
these details related to the applied assessment methodology, the input data of the dispersion model, the
modeling results and the measures established for the prevention/mitigation/elimination of the potential
impact for all project stages (construction, operation, closure) are included in Chapter 4, Section 4.3 Noise
and Vibrations of the EIA Report.
Project Years 0, 9, 10, 12, 14 and 19 were selected for modeling because they are considered to be
representative of the most significant levels of noise-generating activity. They are also the same years used
for air impact modeling purposes in Section 4.2, as air and noise impacts share many of the same sources
or are otherwise closely correlated. In order to more accurately reflect potential receptor impacts, all of
these exhibits integrate the background traffic estimates discussed in Section 4.3.6.1.

The Project site plan and process plant area and facility drawings were used to establish the position of the
noise sources and other relevant physical characteristics of the site. Receptor locations were established
using background reports and project engineering and environmental documentation provided by RMGC.
With this information, the source locations and receptor locations were translated into input (x, y, and z)
co-ordinates for the noise-modeling program.
The calculations account for classical sound wave divergence (i.e., spherical spreading loss with
adjustments for source directivity from point sources) plus attenuation factors due to air absorption,
minimal ground effects, and barriers/shielding.
This model has been validated by AAC (Acoustic Aliance Consulting) over a number of years via noise
measurements at several operating industrial sites that had been previously modeled during the
engineering design phases. The comparison of modeled predictions versus actual measurements has
consistently shown close agreement; typically in the range of 1 to 3 dB (A).
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly executed, an outside observer can see the land going up and down, like a
wave front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves,
a series of small intensity explosions will propagate the rock crushing wave.
In conclusion, the special technologies used (within various perimeters) will not produce adverse effects
on the constructions from Roşia Montană commune; however, due to the state of advanced deterioration,
and in the absence of rapid intervention from the competent bodies, these constructions will become
impossible to recover.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project.
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Proposal

How can the project state that at Rosia Montana there is no chance for an earthquake to occur except once
at 100 years, without taking into account that for each blasting performed at Rosia Montana an
earthquake will be produced? The tailings management facility will be shaken with every occasion; the city
of Abrud is located downstream of the TMF: what will happen with those people?
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorised equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of
the potential noise and vibration impacts from Project activities. These preliminary estimates apply to
major construction activities, as well as the operation and decommissioning/closure of the mine and
process plant. They are documented as data tables and isopleth maps for major noise-generating activities
in selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through
4.3.9. All these details related to the applied assessment methodology, the input data of the dispersion
model, the modelling results and the measures established for the prevention/mitigation/elimination of
the potential impact for all project stages (construction, operation, closure) are included in Chapter 4,
Section 4.3 Noise and Vibrations of the EIA Report.
The analysis of the data included in Ipromin’s study, entitled „Geo-mechanical study for the measurement
of the effects of quarrying operations on the constructions located inside the protected area” indicates
that, in the case of the excavation technologies to be used in the Roşia Montană mining perimeter, the
oscillation velocity (the most important parameter of the seismic wave generated by the blasting) is
significantly reduced as we move away from the centre of the explosion.

Solution

Values of the oscillation velocity of the material particle, table no. 2
Table no. 2
Blasting Type
Instantaneous
nΔt = 0,140 s micro-delay
nΔt = 0,600 s micro-delay

Distance from the explosion centre
100 m
200 m
300 m
Oscillation velocity [mm/s]
24,8
9,1
4,7
17,6
6,5
3,3
14,6
5,4
2,8

400 m

500 m

3,0
2,2
1,7

2,2
1,6
1,3

As shown in Table no. 2 and Figure no. 1, the oscillation velocity at a distance of 500 meters from the
centre of the explosion corresponds, on the MKS scale, to natural earthquakes of 1st and 2nd degree. The
dam of the Corna tailings management facility (TMF) is located approximately 2.5 km away from the
Cetate open pit and approximately 3 km away from the Cârnic open pit. The further we move from the
centre of the explosion, the lower the oscillation velocity and it can be stated that this velocity will be very
low in the TMF area.
Figure 1. Diagram of the oscillation velocity variation depending on the distance depending on the load
detonated per blasting phase.

The size of the TMF dam has been designed such as to resist even an exceptional earthquake (8 degrees on
the Richter scale); therefore the seismic waves generated by the open pit blasting are significantly reduced
by the distance and do not impact the dam or endanger its resistance.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project.
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Proposal

What will happen with Rosia Montana churches? After two blasting operations, they will be demolished.
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorized equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of
the potential noise and vibration impacts from Project activities. These preliminary estimates apply to
major construction activities, as well as the operation and decommissioning/closure of the mine and
process plant. They are documented as data tables and isopleth maps for major noise-generating activities
in selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through
4.3.9. All these details related to the applied assessment methodology, the input data of the dispersion
model, the modeling results and the measures established for the prevention/mitigation/elimination of
the potential impact for all project stages (construction, operation, closure) are included in Chapter 4,
Section 4.3 Noise and Vibrations of the EIA Report.
Through the use of modern technologies, adequate measures and actions, the vibrations (or earthquakes)
generated by the open pit explosions will be maintained within certain limits, such as to ensure the
protection of the constructions and other historical monuments existing in the area and proposed for
conservation.

Solution

S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions, therefore of the churches located in that area.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.
Due to the fact that România has not adopted any standards for the protection of constructions against
the impact of quarrying explosions, this value has been established based on the relevant standards
existing in other states having a long tradition in this field, and complies with the requirements of the
German standard DIN 4150/83 – the most exigent European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.

Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
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Proposal

The questioner makes the following remarks and comments:The vibrations resulted after blasting are
grounds for concern with respect to the effects on the structure of houses and other buildings located
within the protected area and on the tailings management facility.
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorized equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of
the potential noise and vibration impacts from Project activities. These preliminary estimates apply to
major construction activities, as well as the operation and decommissioning/closure of the mine and
process plant. They are documented as data tables and isopleth maps for major noise-generating activities
in selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through
4.3.9. All these details related to the applied assessment methodology, the input data of the dispersion
model, the modeling results and the measures established for the prevention/mitigation/elimination of
the potential impact for all project stages (construction, operation, closure) are included in Chapter 4,
Section 4.3 Noise and Vibrations of the EIA Report.
Through the use of modern technologies, adequate measures and actions, the vibrations (or earthquakes)
generated by the open pit explosions will be maintained within certain limits, such as to ensure the
protection of the constructions and other historical monuments existing in the area and proposed for
conservation.

Solution

S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.
Due to the fact that România has not adopted any standards for the protection of constructions against
the impact of quarrying explosions, this value has been established based on the relevant standards
existing in other states having a long tradition in this field, and complies with the requirements of the
German standard DIN 4150/83 – the most exigent European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.

Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical
parameters of load placement).
The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
executed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.
In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly executed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of
small intensity explosions will propagate the rock crushing wave.
When the old technology was used – option b), the entire amount was placed in adequately selected
mines, and the entire mass of explosive was detonated simultaneously.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
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Proposal

The questioner hasn’t been able to find within the EIA, namely in the volume where the impact on noises
and vibrations is included, the necessary information related to the value of these vibrations. He would
very much like to receive the figures of the maximum vibration that will be produced by open pit blasting
as compared with the value of these vibrations that is not hazardous to the structure of buildings and
tailings management facility.
This statement is ungrounded, because the environmental impact assessment (EIA) process has included
preliminary cumulative estimates for stationary motorized equipment and linear (vehicular) sources were
prepared in order to provide an initial understanding of the potential cumulative noise and vibration
impacts from background and Roşia Montană Project sources, and to guide future monitoring and
measurement activities as well as the selection of appropriate Best Management Practices/Best Available
Techniques for further mitigation of the potential noise and vibration impacts from Project activities.
These preliminary estimates apply to major construction activities, as well as the operation and
decommissioning/closure of the mine and process plant. They are documented as data tables and isopleth
maps for major noise-generating activities in selected, representative Project years; see Tables 4.3.8
through 4.3.16 and Exhibits 4.3.1 through 4.3.9. All these details related to the applied assessment
methodology, the input data of the dispersion model, the modeling results and the measures established
for the prevention/mitigation/elimination of the potential impact for all project stages (construction,
operation, closure) are included in Chapter 4, Section 4.3 Noise and Vibrations of the EIA Report.
Project Years 0, 9, 10, 12, 14, and 19 were selected for modeling because they are considered to be
representative of the most significant levels of noise-generating activity. They are also the same years used
for air impact modeling purposes in Section 4.2, as air and noise impacts share many of the same sources
or are otherwise closely correlated. In order to more accurately reflect potential receptor impacts, all of
these exhibits integrate the background traffic estimates discussed in Section 4.3.6.1.

Solution

The Project site plan and process plant area and facility drawings were used to establish the position of the
noise sources and other relevant physical characteristics of the site. Receptor locations were established
using background reports and project engineering and environmental documentation provided by RMGC.
With this information, the source locations and receptor locations were translated into input (x, y, and z)
co-ordinates for the noise-modeling program.
Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through 4.3.9 present the average maximum noise
values likely to be experienced by the receptor community over all Project phases after incorporation of a
variety of initial mitigation measures designed specifically to reduce the impacts associated with mobile
and stationary machinery sources. The influence of non-mining related background (primarily traffic)
noise is also included.
To evaluate the sound levels associated with haul trucks and other mobile sources crossing the site
carrying excavated ore, waste rock, and topsoil, a noise analysis program based on the (U.S.) Federal
Highway Administration's (FHWA) standard RD-77-108 [1] model was used to calculate reference noise
emissions values for heavy trucks along the project roadways. The FHWA model predicts hourly Leq
values for free-flowing traffic conditions and is generally considered to be accurate within 1.5 decibels
(dB).
The model is based on the standardized noise emission factors for different types and weights of vehicles
(e.g., automobiles, medium trucks, and heavy trucks), with consideration given to vehicle volume, speed,
roadway configuration, distance to the receiver, and the acoustical characteristics of the site. The emission

levels of all three vehicle types increase as a function of the logarithm of their speed.
To evaluate the sound sources from the proposed mine processing facility and the semistationary material
handling equipment (at the ore extraction, rock and soil stockpiling areas), a proprietary computerised
noise prediction program was used by AAC to simulate and model the future equipment noise emissions
throughout the area. The modelling program uses industry-accepted propagation algorithms based on the
following American National Standards Institute (ANSI) and International Organisation for
Standardisation (ISO) standards:

ANSI S1.26-1995 (R2004), Method for the Calculation of the Absorption of Sound by the
Atmosphere;

ISO 9613-1:1993, Acoustics -- Attenuation of sound during propagation outdoors-- Part 1:
Calculation of the absorption of sound by the atmosphere;

ISO 9613-2:1996, Acoustics -- Attenuation of sound during propagation outdoors -- Part 2:
General method of calculation;

ISO 3891:1978, Acoustics -- Procedure for describing aircraft noise heard on the ground.
The calculations account for classical sound wave divergence (i.e., spherical spreading loss with
adjustments for source directivity from point sources) plus attenuation factors due to air absorption,
minimal ground effects, and barriers/shielding.
This model has been validated by AAC over a number of years via noise measurements at several operating
industrial sites that had been previously modeled during the engineering design phases. The comparison
of modeled predictions versus actual measurements has consistently shown close agreement; typically in
the range of 1 to 3 dB (A).
Through the use of modern technologies, adequate measures and actions, the vibrations (or earthquakes)
generated by the open pit explosions will be maintained within certain limits, such as to ensure the
protection of the constructions and other historical monuments existing in the area and proposed for
conservation.
S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.
Due to the fact that România, at the time of preparation of the EIA, had not adopted any specific
standards for the protection of constructions against the impact of quarrying explosions, this value has
been established based on the relevant standards existing in other states having a long tradition in this
field, and complies with the requirements of the German standard DIN 4150/83 – the most exigent
European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83:
Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

historical monuments.
Using the formulas provided in the specialized literature, the values of the oscillation velocity at a distance
of 100 m, 200 m and 300 m from the protected constructions have been determined, in case of blasting
6,860 kg per blasting phase.
The following values of the oscillation velocity of the material particle are determined (Table no. 2 and
Figure 1).
Table no. 2
Blasting Type
Instantaneous
nΔt = 0,140 s micro-delay
nΔt = 0,600 s micro-delay

Distance from the explosion centre
100 m
200 m
300 m
Oscillation velocity [mm/s]
24,8
9,1
4,7
17,6
6,5
3,3
14,6
5,4
2,8

400 m

500 m

3,0
2,2
1,7

2,2
1,6
1,3

Figure 1. Diagram of the oscillation velocity variation depending on the distance depending on the load
detonated per blasting phase.

According to the data presented in Table no. 2, the load can be used at distances of more than 300 m from
the protected constructions, with micro delay.
This technology can be used for an area representing approximately 85% of the open pits area. At smaller
distances, in order to ensure an oscillation velocity of maximum 0.2 cm/s next to the construction, i.e. to
ensure a negligible seismic impact, some special technological options of the quarrying technology are
required. Such technological options consist in the reduction of the bore hole diameter and depth,
reduction of the amount of explosive detonated per blasting phase, etc.

This area covers approximately 15%, containing small amounts of ore to be blasted. Zone 2 extends to
maximum 300 m from the nearest construction. In its turn, this zone is divided into three sub-zones of
application of the technological options for ore blasting.
A maximum load of explosive/blasting phase corresponds to each sub-zone.
You can notice that the oscillation velocity at a distance of 500 meters from the centre of the explosion
corresponds, on the MKS scale, to natural earthquakes of 1st and 2nd degree. The dam of the Corna tailings
management facility (TMF) is located approximately 2.5 km away from the Cetate open pit and
approximately 3 km away from the Cârnic open pit. The further we move from the centre of the explosion,
the lower the oscillation speed and it can be stated that this speed will be very low in the TMF area.
The size of the TMF dam has been designed such as to resist even an exceptional earthquake; therefore
the seismic waves generated by the open pit blasting are significantly reduced by the distance and do not
impact the dam or endanger its resistance.
In order to measure the quarrying explosions impact on the constructions located inside the protected
area and other historical buildings, a monitoring system will be implemented, consisting in a stationary
network of digital seismographs, with three components installed at the main constructions to be
protected, and a mobile network composed of three mobile seismographs installed on a longitudinal
profile between the protected construction and the centre of the explosions. The processing of the
monitoring data obtained during the operation of the Roşia Montană open pits will also determine the
variation of the dynamic parameters of the seismic oscillations (seismic impact mitigation coefficient).
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical
parameters of load placement).
The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
performed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.
In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action

radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly executed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of
small intensity explosions will propagate the rock crushing wave.
When the old technology was used – option b), the entire amount was placed in adequately selected
galleries, and the entire mass of explosive was detonated simultaneously.
RESTRICTIONS
Romanian Standard SR 12025: Vibration effects produced by road traffic on buildings or building parts
(Measurement methods): establishes the methods of measurement for the traffic vibration propagated
through streets and affecting buildings or building components.
Romanian Standard SR 12025/2-94: Vibration effects on buildings or building parts. (Permissible
limits). Establishes the admissible limits for dwellings and socio-cultural buildings as well as occupants
who may be affected by vibration, either from internal/external machinery or from propagated vibration
from street traffic. The data are presented in Table 5.1 and Figure 5.2 in the Noise and Vibrations
Management Plan. For the least resistant type of buildings, C3 curve for admissible limits is recommended
(measured in vibrars).
The conversion of vibrars in the measurement units used by standard DIN 4150/83, i.e. mm/s, indicates
the comparable maximum admissible limits.
Perceived vibration level [2]
Vibration Level
[mm/s]
0,10
0,15
0,35
1,0
2,2
6,0
14,0

Degree of Perception
Not felt
Threshold of perception
Barely noticeable
Noticeable
Easily noticeable
Strongly noticeable
Very strongly noticeable

The Noise and Vibration Management Plan implies the following (p. 17):
- conduct blasting tests in pits;
- evaluate results;
- prepare site-specific blasting plans;
- monitoring.
References:
[1] FHWA Highway Traffic Noise Prediction Model; see Federal Highway Administration Report Number
FHWA-RD-77-108, USA, Washington, D.C., 1978;
[2] S.C. Roşia Montană Gold Corporation S.A. - Report on Environmental Impact Assessment Study, Noise
and Vibration Management Plan, p. 8, table 4-1, 2006.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
52

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Abrud, 25.07.2006

RMGC internal unique code

MMGA_0167

Proposal

The questioner would like to receive an answer by the end of the public debate, because for vibrations
there is a management plan that should be based on several actual figures.
Through the use of modern technologies, adequate measures and actions, the vibrations (or earthquakes)
generated by the open pit explosions will be maintained within certain limits, such as to ensure the
protection of the constructions and other historical monuments existing in the area and proposed for
conservation.
S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.

Solution

Due to the fact that România has not adopted any standards for the protection of constructions against
the impact of quarrying explosions, this value has been established based on the relevant standards
existing in other states having a long tradition in this field, and complies with the requirements of the
German standard DIN 4150/83 – the most exigent European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.
Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical

The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
executed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.
In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly performed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of
small intensity explosions will propagate the rock crushing wave.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
80

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Câmpeni, 26.07.2006

RMGC internal unique code

MMGA_0196

Proposal

The questioner makes the following remarks and comments:He would like to receive guarantees that he
may live a quiet life in Rosia Montana, that he won’t be affected by pollution, noise and dust.
Atmospheric pollutants occur everywhere in the ambient air, with less or higher concentrations, their
emission sources being both anthropic (human activities) and natural.
As regards the atmospheric pollutants generated by the mining activities proposed by Roşia Montană
Project, we specify that the area from the vicinity of the industrial perimeter, although relatively close to
industrial site, is a part of its external areas and is exposed at the lowest extent to these pollutants. The
sole pollutant which could influence, at a certain extent, the air quality from area is represented by
particles. The Maximum concentrations of particles in the air neighboring the industrial perimeter will be
of 4 up to more than 20 times lower than the standard value for the protection of the population’s health.
The concentrations of other pollutants to be generated by future mining activities in the area neighboring
the industrial perimeter will be insignificant.
It is mentioned that any locality, irrespective of the existence of industrial activity, the quality of the air is
given by the local sources inherent for day-to-day life of the residents, namely: heating, cooking, traffic,
etc.
The levels of pollution by particles of the air neighboring the industrial perimeter, due to the effect of the
local sources together with the future mining activities, will be lower than the limit values for population’s
health protection.

Solution

The atmospheric dispersion modeling has been performed using the best available techniques in order to
simulate the transport of the pollutants generated by the mining activities outside the Project area.
AERMOD incorporates through a new and simple approach the current concepts regarding flow and
dispersion in complex terrains. If needed, the plume is modeled either with a trajectory impacting the
terrain or with a trajectory following the terrain topography.
AERMOD may forecast concentrations of pollutants from multiple sources for a wide variety of sites,
meteorological conditions, types of pollutants and mediation periods. For this project, the concentrations
on short term have been calculated using the maximum hourly rates of emission for activities developed
simultaneously and for the averages calculated for intervals of 1 hour, 8 hours and 24 hours. The annual
concentrations have been calculated using all active sources during the respective year.
For the dust emission control from open pits and haulage roads of ore and waste rock, the following
measures have been taken:
Utilization of a new blasting technology, namely the sequential blasting technology which
reduces drastically the height of the dust plume and dispersion area;
Ceasing of the activities generating dust during the periods with intense winds or when the
automatic monitor for particles installed in the Roşia Montană protection area indicates an alert situation;
Implementation of a program for dust control on the unpaved roads during the drought seasons
by means of watering trucks and inert substances for dust restraining. These measures will reduce the
dust emissions with 90%;
Minimizing of the unloading height at manipulation/discharge of materials;
Prescribing and application of speed limitation on traffic;

Implementation of a program of periodically maintenance of vehicles and motorized equipments;
Automatic monitoring of the air quality and meteorological parameters;
Implementation of additional measures for dust emission control: ore and waste rock watering at
the loading into trucks.
The noise and vibration management plan, Air quality management plan as well as the other management
plans propose measures which proved their efficiency in similar projects and maintain the parameters of
noise and vibration phenomena as well as the air quality within normal limits. These plans provide also
the monitoring system of these parameters which will be implemented by the project as well as the
potential proposed measures for their mitigation.
The blasting activities in open pits as well as the displacement of heavy equipments are allowed only if the
parameters of the generated vibrations are maintained within the limits imposed by legislation.
The EIA study presents the admissible maximum limits regarding the security of buildings and the
procedures keeping the vibration parameters within these limits. The pertinent blasting designs combined
with blasting tests and step by step optimization corrections as well as the utilization of specific control
and prevention measures and actions will assure the vibration, noise and dust parameters below the
admissible limits.
Heavy equipments may produce ground vibrations. For this reason the measures stipulate roads design at
great enough distances so that the vibrations will imply low amplitudes. Also, the transport speed in
critical areas is reduced so that the vibration parameters will have values below the admissible limits
stipulated by the standards in force for residential areas.

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
104

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Câmpeni, 26.07.2006

RMGC internal unique code

MMGA_0236

Proposal

Why the walls of the houses are cracked due to explosions, if they are not impacting anyone?
It is possible that the former pit blasting from Roşia Montană affected some of the buildings located in the
nearby area, causing cracks in the walls. It should be mentioned that the cracking of the plastering or walls
of the buildings may have other causes, too, such as land sinking or sliding, aging of the constructions
without taking any consolidation and maintenance measures; these causes also appear within areas where
no mining activities are carried out.
The new Roşia Montană project will use modern blasting technologies, and the adaptation thereof,
depending on the monitoring results, such as to minimize the impact upon constructions.
S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.

Solution

Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.
Due to the fact that România, by the time of preparation of the EIA study, had not adopted any specific
standards for the protection of constructions against the impact of quarrying explosions, this value has
been established based on the relevant standards existing in other states having a long tradition in this
field, and complies with the requirements of the German standard DIN 4150/83 – the most exigent
European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.
Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
Using the formulas provided in the specialized literature, the values of the oscillation velocity at a distance
of 100 m, 200 m and 300 m from the protected constructions have been determined, in case of blasting

6,860 kg per blasting phase.
The following values of the oscillation velocity of the material particle are determined (Table no. 2 and
Figure 1).
Table no. 2
Blasting Type
Instantaneous
nΔt = 0,140 s micro-delay
nΔt = 0,600 s micro-delay

Distance from the explosion centre
100 m
200 m
300 m
Oscillation velocity [mm/s]
24,8
9,1
4,7
17,6
6,5
3,3
14,6
5,4
2,8

400 m

500 m

3,0
2,2
1,7

2,2
1,6
1,3

Figure 1. Diagram of the oscillation velocity variation depending on the distance depending on the load
detonated per blasting phase.

This technology can be used for an area representing approximately 85% of the open pits area.
At smaller distances, in order to ensure an oscillation velocity of maximum 0.2 cm/s next to the
construction, i.e. to ensure a negligible seismic impact, some special technological variants of the quarrying
technology are required. Such technological variants consist in the reduction of the auger hole diameter
and depth, reduction of the amount of explosive detonated per blasting phase, etc.
This area covers approximately 15%, containing small amounts of ore to be blasted. Zone 2 extends to
maximum 300 m from the nearest construction. In its turn, this zone is divided into three sub-zones of
application of the technological variants for ore blasting.
A maximum load of explosive/blasting phase corresponds to each sub-zone.

In order to measure the quarrying explosions impact on the constructions located inside the protected
area and other historical buildings, a monitoring system will be implemented, consisting in a stationary
network of digital seismographs, with three components installed at the main constructions to be
protected, and a mobile network composed of three mobile seismographs installed on a longitudinal
profile between the protected construction and the centre of the explosions. The processing of the
monitoring data obtained during the operation of the Roşia Montană open pits will also determine the
variation of the dynamic parameters of the seismic oscillations (seismic impact mitigation coefficient).
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical
parameters of load placement).
The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
executed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.
In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly performed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of
small intensity explosions will propagate the rock crushing wave.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
125

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Alba Iulia, 31.07.2006

RMGC internal unique code

MMGA_0289

Proposal

How are the monument houses, that are located within the mining area, going to be protected? Out of
those 41, only 6 are located within this area, but how are they going to be protected when bulldozers and
haul trucks will produce vibrations that could demolish a house built yesterday not to mention one built
100 years ago?
Of the 41 historical houses, 35 are located inside the protected area and 6 outside this area. None of them
will be destroyed due to the project implementation. Both the pit explosions and the use of heavy
equipment may produce vibrations; however, the use of adequate technologies, measures and actions,
such as those indicated in the Noise and Vibration Management Plan (Volume 24) can maintain these
vibrations within certain limits, such as to ensure the protection of all constructions.
Heavy equipment may produce land vibrations, which are transmitted to the weak buildings located near
the roads. For this reason, the measures provide the execution of roads at a sufficient distance from the
buildings, such as to reduce the impact of vibrations; also, the traveling speed inside the critical areas is
reduced to the point that the values of vibration parameters are below the admissible limits stipulated by
the Romanian Standard 12025 -94.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the vibrations generated by the specific operations the project stipulates a maximum oscillation of
0.2 cm/s, measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.

Solution

Due to the fact that România, by the time of preparation of the EIA study, had not adopted any specific
standards for the protection of constructions against the impact of quarrying explosions, this value has
been established based on the relevant standards existing in other states having a long tradition in this
field, and complies with the requirements of the German standard DIN 4150/83 – the most exigent
European standard (Table no. 1)
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83
Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
This technology can be used for an area representing approximately 85% of the open pits area. At smaller
distances, in order to ensure an oscillation velocity of maximum 0.2 cm/s next to the construction, i.e. to
ensure a negligible seismic impact, some special technological variants of the quarrying technology are
required. Such technological variants consist in the reduction of the auger hole diameter and depth,

This area covers approximately 15%, containing small amounts of ore to be blasted. Zone 2 extends to
maximum 300 m from the nearest construction. In its turn, this zone is divided into three sub-zones of
application of the technological variants for ore blasting.
A maximum load of explosive/blasting phase corresponds to each sub-zone.
In order to measure the quarrying explosions impact on the constructions located inside the protected
area and other historical buildings, a monitoring system will be implemented, consisting in a fixed
network of digital seismographs, with three components installed at the main constructions to be
protected, and a mobile network composed of three mobile seismographs installed on a longitudinal
profile between the protected construction and the centre of the explosions. The processing of the
monitoring data obtained during the operation of the Roşia Montană open pits will also determine the
variation of the dynamic parameters of the seismic oscillations (seismic impact mitigation coefficient).
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical
parameters of load placement).
The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
executed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.
In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.

Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly executed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of

small intensity explosions will propagate the rock crushing wave.
RESTRICTIONS
Romanian Standard SR 12025: Vibration effects produced by road traffic on buildings or building parts
(Measurement methods): establishes the methods of measurement for the traffic vibration propagated
through streets and affecting buildings or building components.
Romanian Standard SR 12025/2-94: Vibration effects on buildings or building parts. (Permissible
limits). Establishes the admissible limits for dwellings and cultural buildings as well as occupants who
may be affected by vibration, either from internal/external machinery or from propagated vibration from
street traffic. The data are presented in Table 5.1 and Figure 5.2 in the Noise and Vibrations Management
Plan. For the least resistant type of buildings, C3 curve for admissible limits is recommended (measured in
vibrars).
The conversion of vibrars in the measurement units used by standard DIN 4150/83, i.e. mm/s, indicates
the comparable maximum admissible limits.
Perceived vibration level [1]
Vibration Level
[mm/s]
0,10
0,15
0,35
1,0
2,2
6,0
14,0

Degree of Perception
Not felt
Threshold of perception
Barely noticeable
Noticeable
Easily noticeable
Strongly noticeable
Very strongly noticeable

The Noise and Vibration Management Plan implies the following (p. 17):
- conduct blasting tests in pits;
- evaluate results;
- prepare site-specific blasting plans;
- monitoring.
References:
[1] S.C. Roşia Montană Gold Corporation S.A. - Report on Environmental Impact Assessment Study, Noise
and Vibration Management Plan, p. 8, table 4-1, 2006.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
160

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Zlatna, 02.08.2006

RMGC internal unique code

MMGA_0343

Proposal

How can the civic Centre, Roman Galleries, cemeteries, churches, archaeological evidences be preserved
among so many tons of explosives that will generate earthquakes?
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorized equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of
the potential noise and vibration impacts from Project activities. These preliminary estimates apply to
major construction activities, as well as the operation and decommissioning/closure of the mine and
process plant. They are documented as data tables and isopleth maps for major noise-generating activities
in selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through
4.3.9. All these details related to the applied assessment methodology, the input data of the dispersion
model, the modeling results and the measures established for the prevention/mitigation/elimination of
the potential impact for all project stages (construction, operation, closure) are included in Chapter 4,
Section 4.3 Noise and Vibrations of the EIA Report.
Through the use of modern technologies, adequate measures and actions, the vibrations (or earthquakes)
generated by the open pit explosions will be maintained within certain limits, such as to ensure the
protection of the constructions and other historical monuments existing in the area and proposed for
conservation.

Solution

S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions, the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.
Due to the fact that România, at the time of preparation of the EIA, had not adopted any specific
standards for the protection of constructions against the impact of quarrying explosions, this value has
been established based on the relevant standards existing in other states having a long tradition in this
field, and complies with the requirements of the German standard DIN 4150/83 – the most exigent
European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.

Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
Using the formulas provided in the specialized literature, the values of the oscillation velocity at a distance
of 100 m, 200 m and 300 m from the protected constructions have been determined, in case of blasting
6,860 kg per blasting phase.
The following values of the oscillation velocity of the material particle are determined (Table no. 2 and
Figure 1).
Table no. 2
Blasting Type
Instantaneous
nΔt = 0,140 s micro-delay
nΔt = 0,600 s micro-delay

Distance from the explosion centre
100 m
200 m
300 m
Oscillation velocity [mm/s]
24,8
9,1
4,7
17,6
6,5
3,3
14,6
5,4
2,8

400 m

500 m

3,0
2,2
1,7

2,2
1,6
1,3

Figure 1. Diagram of the oscillation velocity variation depending on the distance depending on the load
detonated per blasting phase.

This technology can be used for an area representing approximately 85% of the open pits area. At smaller
distances, in order to ensure an oscillation velocity of maximum 0.2 cm/s next to the construction, i.e. to
ensure a negligible seismic impact, some special technological variants of the quarrying technology are

required. Such technological variants consist in the reduction of the auger hole diameter and depth,
reduction of the amount of explosive detonated per blasting phase, etc.
This area covers approximately 15%, containing small amounts of ore to be blasted. Zone 2 extends to
maximum 300 m from the nearest construction. In its turn, this zone is divided into three sub-zones of
application of the technological variants for ore blasting.
A maximum load of explosive/blasting phase corresponds to each sub-zone.
In order to measure the quarrying explosions impact on the constructions located inside the protected
area and other historical buildings, a monitoring system will be implemented, consisting in a fixed
network of digital seismographs, with three components installed at the main constructions to be
protected, and a mobile network composed of three mobile seismographs installed on a longitudinal
profile between the protected construction and the centre of the explosions. The processing of the
monitoring data obtained during the operation of the Roşia Montană open pits will also determine the
variation of the dynamic parameters of the seismic oscillations (seismic impact mitigation coefficient).
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical
parameters of load placement).
The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
executed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.
In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Milisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 miliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 miliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly executed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of

small intensity explosions will propagate the rock crushing wave.
When the old technology was used – variant b), the entire amount was placed in adequately selected
galleries, and the entire mass of explosive was detonated simultaneously.
A detailed presentation of blasting technology can be found in the annex 7.1 - proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
202

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Cluj Napoca, 07.08.2006

RMGC internal unique code

MMGA_0410

Proposal

How will the historical centre be protected against earthquakes generated by mining operations?
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorized equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of
the potential noise and vibration impacts from Project activities. These preliminary estimates apply to
major construction activities, as well as the operation and decommissioning/closure of the mine and
process plant. They are documented as data tables and isopleth maps for major noise-generating activities
in selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through
4.3.9. All these details related to the applied assessment methodology, the input data of the dispersion
model, the modeling results and the measures established for the prevention/mitigation/elimination of
the potential impact for all project stages (construction, operation, closure) are included in Chapter 4,
Section 4.3 Noise and Vibrations of the EIA Report.
Through the use of modern technologies, adequate measures and actions, the vibrations (or earthquakes)
generated by the open pit explosions will be maintained within certain limits, such as to ensure the
protection of the constructions and other historical monuments existing in the area and proposed for
conservation.

Solution

S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.
Due to the fact that România, at the time of preparation of the EIA, had not adopted any specific
standards for the protection of constructions against the impact of quarrying explosions, this value has
been established based on the relevant standards existing in other states having a long tradition in this
field, and complies with the requirements of the German standard DIN 4150/83 – the most exigent
European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.

Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
Using the formulas provided in the specialized literature, the values of the oscillation velocity at a distance
of 100 m, 200 m and 300 m from the protected constructions have been determined, in case of blasting
6,860 kg per blasting phase.
The following values of the oscillation velocity of the material particle are determined (Table no. 2 and
Figure 1)
Table no. 2
Blasting Type
Instantaneous
nΔt = 0,140 s micro-delay
nΔt = 0,600 s micro-delay

Distance from the explosion centre
100 m
200 m
300 m
Oscillation velocity [mm/s]
24,8
9,1
4,7
17,6
6,5
3,3
14,6
5,4
2,8

400 m

500 m

3,0
2,2
1,7

2,2
1,6
1,3

Figure 1. Diagram of the oscillation velocity variation depending on the distance depending on the load
detonated per blasting phase.

This technology can be used for an area representing approximately 85% of the open pits area.
At smaller distances, in order to ensure an oscillation velocity of maximum 0.2 cm/s next to the
construction, i.e. to ensure a negligible seismic impact, some special technological variants of the quarrying
technology are required. Such technological variants consist in the reduction of the bore hole diameter and
depth, reduction of the amount of explosive detonated per blasting phase, etc.
This area covers approximately 15%, containing small amounts of ore to be blasted. Zone 2 extends to
maximum 300 m from the nearest construction. In its turn, this zone is divided into three sub-zones of
application of the technological variants for ore blasting.
A maximum load of explosive/blasting phase corresponds to each sub-zone.
In order to measure the quarrying explosions impact on the constructions located inside the protected
area and other historical buildings, a monitoring system will be implemented, consisting in a fixed
network of digital seismographs, with three components installed at the main constructions to be
protected, and a mobile network composed of three mobile seismographs installed on a longitudinal
profile between the protected construction and the centre of the explosions. The processing of the
monitoring data obtained during the operation of the Roşia Montană open pits will also determine the
variation of the dynamic parameters of the seismic oscillations (seismic impact mitigation coefficient).
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical
parameters of load placement).
The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
executed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.
In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds

after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly executed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of
small intensity explosions will propagate the rock crushing wave.
When the old technology was used – option b), the entire amount was placed in adequately selected
galleries, and the entire mass of explosive was detonated simultaneously.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
203

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Cluj Napoca, 07.08.2006

RMGC internal unique code

MMGA_0413

Proposal

Solution

What guarantee can the company offer for the impacts that blasting procedures may cause on the
geological structure of the area, both throughout the development of mining operation and on long term,
combined with the influence and action of other environmental factors, especially when temperature is
higher and higher every year.
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorized equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of
the potential noise and vibration impacts from Project activities. These preliminary estimates apply to
major construction activities, as well as the operation and decommissioning/closure of the mine and
process plant. They are documented as data tables and isopleth maps for major noise-generating activities
in selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through
4.3.9. All these details related to the applied assessment methodology, the input data of the dispersion
model, the modeling results and the measures established for the prevention/mitigation/elimination of
the potential impact for all project stages (construction, operation, closure) are included in Chapter 4,
Section 4.3 Noise and Vibrations of the EIA Report.
Previous underground and massive surface blasting has been carried out in the area of the Roşia Montană
deposit. The impact of these blasting operations on the geological structure has been limited to very small
distances, such impact being insignificant on longer distances. A relevant example is represented by the
underground galleries underneath the Cetate pit, which resisted the massive blasting carried out in this
pit, although they were not reinforced. Only the works located 10-15 m underneath the pit floor have
been impacted, several blocks falling due to the local increase of the rock cracking degree. Alternations of
the geological structure of an area may occur only in case of natural disasters, involving huge energy
releases, leading to temperature modifications and extremely high pressure, which does not happen in the
case of pit explosions.
The geological structure of the area neighboring the pits will not be altered, the vibrations transmitted to
the areas near the pits having a low intensity and causing deformations only in the elastic range. “The
temperature and other environmental factors” do not have any perceivable impact on the geological
structure.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project
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NOISE VIBRATIONS
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internal code

Cluj Napoca, 07.08.2006

RMGC internal unique code

MMGA_0433

Proposal

The destruction of the geological structures of lands at Rosia Montana represents a hazard by using those
150,000 tons of dynamite, or a blessing for the Apuseni Mountains locals?
The quantity of TNT mentioned in the question is over-exaggerated, and the tendentious wording of the
question is misleading.
In reality, during a blasting phase, up to 1,296 kg AM will be detonated, resulting in a mining mass of
8,000 – 10,000 t. In order to obtain the daily production (tailings and ore), the movement of the rock of
approx. 28-32 mining panels is necessary, respectively the detonation of a quantity of approx. 10 t of
explosive AM-type, as presented in Chapter 2 – Technological Processes, Section 4.1.1.2, p 60 et seq.
The priming will be of sequential type and NONEL-type non-electric fuses (non-electric) and detonating
wire will be used, technology that assures a mining mass crushing degree compatible to the loading
machines capacity and determines the reduction of the exploded rock spreading area.
For the definitive outlining of the pit sides, bore holes similar to those used for recovery will be used
having though a smaller explosive quantity with approx. 20% compared to the production holes, the start
being given by dynamite cartridges.
For the detonation the NONEL technology will be used.

Solution

The load blasting order will be performed with micro delay, from the hole center to the base part and to
the upper one, and from the center hole of the first row to the side extremities and to the following rows,
technology that assures the significant decrease of the seismic intensity and an increased effectiveness of
the rock movement explosions.
The “destruction“ of certain geological structures may occur in case of natural cataclysms, such as volcanic
eruptions or earthquakes of maximum intensity, which involve the release of huge energy; this does not
happen in the case of pit explosions.
Previous underground and massive surface blasting has been carried out in the area of the Roşia Montană
deposit. The impact of these blasting operations on the geological structure has been limited to very small
distances, such impact being insignificant on longer distances. A relevant example is represented by the
underground galleries underneath the Cetate pit, which resisted the massive blasting carried out in this
pit, although they were not reinforced. Only the works located 10-15 m underneath the pit floor have
been impacted, several blocks falling due to the local increase of the rock cracking degree.
The earth shell is permanently subject to earthquakes of various intensities, of tectonic and anthropic
nature. For the comfort of population and safety of constructions, the level of these earthquakes should
not exceed the maximum admissible limits imposed by the standards.
Pit blasting activities and heavy equipment traveling are allowed provided that the parameters of the
generated vibrations comply with the limits imposed by the law.
The Noise and Vibration Management Plan uses all adequate techniques, presenting the measures for
the minimization/elimination of the potential impact, meant to maintain the parameters of noise
and vibration phenomena within the admissible limits. It is worth mentioning that these measures

have already proven their efficiency in other similar projects implemented in Europe (Spain, Sweden,
Finland,) or worldwide (for example, the Martha mine in New Zeeland – see www.marthamine.co.nz)

A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
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MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Lupsa, 16.08.2006

RMGC internal unique code

MMGA_0691

Proposal

The questioner wants to know what impact will the tons of explosives used in the project have on the air,
the climate and the land. Can the blasting re-activate the volcanoes or generate earthquakes?
The model of atmospheric dispersion has been developed using the Best Available Techniques, in order to
simulate the transport of the pollutants generated by the mining activities outside the Project area.
Modern concepts related to the flow and dispersion in complex terrains are incorporated in AERMOD by
using a new and simple approach. If this is not necessary, the plume is modelled, either having a path that
impacts the terrain or with a path that follows the terrains’ topography.
AERMOD may forecast concentrations of pollutants from multiple sources for a wide variety of sites,
meteorological conditions, types of pollutants and mediation periods. For this project, the concentrations
on short term have been calculated using the maximum hourly rates of emission for activities developed
simultaneously and for the averages calculated for intervals of 1 hour, 8 hours and 24 hours. The annual
concentrations have been calculated using all active sources during the respective year.
For the dust emission control from open pits and haulage roads of ore and waste rock, the following
measures have been taken:

•
Utilization of a new blasting technology, namely the sequential blasting technology which
reduces drastically the height of the dust plume and dispersion area;
•
Ceasing of the activities generating dust during the periods with intense winds or when the
automatic monitor for particles installed in the Roşia Montană protection area indicates an alert situation;
•
Solution

Implementation of a program for dust control on the unpaved roads during the drought seasons
by means of watering trucks and inert substances for dust restraining. These measures will reduce the
dust emissions with 90%;

•
•
•
•
•

Minimizing of the unloading height at manipulation/discharge of materials;
Prescribing and application of speed limitation on traffic;
Implementation of a program of periodically maintenance of vehicles and motorized equipments;
Automatic monitoring of the air quality and meteorological parameters

Implementation of additional measures for dust emission control: ore and waste rock watering at
the loading into trucks.
Details: the Report on Environmental Impact Assessment Study (Volume 12 – Chapter 4.2, Subchapter
4.2.4) and the Air quality Management Plan (Volume 24, Plan D) include, in a detailed manner, technical
and operational measures for decreasing/eliminating dust emissions generated by the activities developed
within the Project.
The impact of the blasting operations on the air quality from the area is within the limits stipulated by the
legislation. Blasting procedures have no major impacts on climate, and the pits neighbouring area is going
to be exposed at levels of vibrations that meet the limits stipulated by the legislation.
Roşia Montană area is not active from a volcanic point of view and there is no risk to reactivate them after
the conducting blasting operations within the Roşia Montană pits. Volcanic activities took place
approximately 13 million years ago.

The geologic structure of the area won’t be impacted by the blasting operations, as it could be noticed until
now from the analysis of the blasting impacts resulted from Roşia Poieni and Roşia Montană pits.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
391

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Bucuresti, 21.08.2006

RMGC internal unique code

MMGA_0825

Proposal

If this project is implemented, no human life, in fact no life at all will exist in Rosia Montana. When the
massive blasting begins, two – three times a week, given the production amount provided in the project,
Rosia Montana will disappear from the face of the earth; then, the USD 9 million allocated for the
historical buildings and churches will no longer be necessary.
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorized equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of
the potential noise and vibration impacts from Project activities. These preliminary estimates apply to
major construction activities, as well as the operation and decommissioning/closure of the mine and
process plant. They are documented as data tables and isopleth maps for major noise-generating activities
in selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through
4.3.9. All these details related to the applied assessment methodology, the input data of the dispersion
model, the modeling results and the measures established for the prevention/mitigation/elimination of
the potential impact for all project stages (construction, operation, closure) are included in Chapter 4,
Section 4.3 Noise and Vibrations of the EIA Report.
Through the use of modern technologies, adequate measures and actions, the vibrations (or earthquakes)
generated by the open pit explosions will be maintained within certain limits, such as to ensure the
protection of the constructions and other historical monuments existing in the area and proposed for
conservation.

Solution

S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.
Due to the fact that România, at the time of preparation of the EIA, had not adopted any specific
standards for the protection of constructions against the impact of quarrying explosions, this value has
been established based on the relevant standards existing in other states having a long tradition in this
field, and complies with the requirements of the German standard DIN 4150/83 – the most exigent
European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.

Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
Using the formulas provided in the specialized literature, the values of the oscillation velocity at a distance
of 100 m, 200 m and 300 m from the protected constructions have been determined, in case of blasting
6,860 kg per blasting phase.
The following values of the oscillation velocity of the material particle are determined (Table no. 2 and
Figure 1).
Table no. 2

Blasting Type
Instantaneous
nΔt = 0,140 s micro-delay
nΔt = 0,600 s micro-delay

Distance from the explosion centre
100 m
200 m
300 m
Oscillation velocity [mm/s]
24,8
9,1
4,7
17,6
6,5
3,3
14,6
5,4
2,8

400 m

500 m

3,0
2,2
1,7

2,2
1,6
1,3

Figure 1. Diagram of the oscillation velocity variation depending on the distance depending on the load
detonated per blasting phase.

This technology can be used for an area representing approximately 85% of the open pits area.

At smaller distances, in order to ensure an oscillation velocity of maximum 0.2 cm/s next to the
construction, i.e. to ensure a negligible seismic impact, some special technological variants of the quarrying
technology are required. Such technological variants consist in the reduction of the auger hole diameter
and depth, reduction of the amount of explosive detonated per blasting phase, etc.
This area covers approximately 15%, containing small amounts of ore to be blasted. Zone 2 extends to
maximum 300 m from the nearest construction. In its turn, this zone is divided into three sub-zones of
application of the technological variants for ore blasting.
A maximum load of explosive/blasting phase corresponds to each sub-zone.
In order to measure the quarrying explosions impact on the constructions located inside the protected
area and other historical buildings, a monitoring system will be implemented, consisting in a fixed
network of digital seismographs, with three components installed at the main constructions to be
protected, and a mobile network composed of three mobile seismographs installed on a longitudinal
profile between the protected construction and the centre of the explosions. The processing of the
monitoring data obtained during the operation of the Roşia Montană open pits will also determine the
variation of the dynamic parameters of the seismic oscillations (seismic impact mitigation coefficient).
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical
parameters of load placement).
The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
executed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.
In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.

When mine blasting is properly executed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of
small intensity explosions will propagate the rock crushing wave.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
435

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

Deva, 23.08.2006

RMGC internal unique code

MMGA_0933

Proposal

The questioner agrees with the project. He wants to know whether pits will be ventilated during the
massive blasting operations that will be carried out.
Pit blasting activities represent one of the sources which generate particles in suspension. It is a surface
source and doesn’t require conducting ventilation of the pits.
Using a new sequential blasting technology will cause particles not to raise much into the air; this will lead
to their fast sedimentation. One of the control measures to be taken is to shut down the activities which
generate dust during strong winds conditions.
Open pit blasting operations as well as the movement of heavy equipments, are allowed if the generated
vibration, noise, dust parameters are within the legal limits.
The model of atmospheric dispersion has been developed using the Best Available Techniques, in order to
simulate the transport of the pollutants generated by the mining activities outside the Project area.
Modern concepts related to the flow and dispersion in complex terrains are incorporated in AERMOD by
using a new and simple approach. If this is not necessary, the plume is modelled, either having a path that
impacts the terrain or with a path that follows the terrains’ topography.

Solution

AERMOD may forecast concentrations of pollutants from multiple sources for a wide variety of sites,
meteorological conditions, types of pollutants and mediation periods. For this project, the concentrations
on short term have been calculated using the maximum hourly rates of emission for activities developed
simultaneously and for the averages calculated for intervals of 1 hour, 8 hours and 24 hours. The annual
concentrations have been calculated using all active sources during the respective year.
.
For the dust emission control from open pits and haulage roads of ore and waste rock, the following
measures have been taken:

•
Utilization of a new blasting technology, namely the sequential blasting technology which
reduces drastically the height of the dust plume and dispersion area;
•
Ceasing of the activities generating dust during the periods with intense winds or when the
automatic monitor for particles installed in the Roşia Montană protection area indicates an alert situation;
•

Implementation of a program for dust control on the unpaved roads during the drought seasons
by means of watering trucks and inert substances for dust restraining. These measures will reduce the
dust emissions with 90%;

•
•
•
•
•

Minimizing of the unloading height at manipulation/discharge of materials;
Prescribing and application of speed limitation on traffic;
Implementation of a program of periodically maintenance of vehicles and motorized equipments;
Automatic monitoring of the air quality and meteorological parameters;

Implementation of additional measures for dust emission control: ore and waste rock watering at
the loading into trucks.
Details: the Report on Environmental Impact Assessment Study (Volume 12 – Chapter 4.2, Subchapter
4.2.4) and the Air quality Management Plan (Volume 24, Plan D) include, in a detailed manner, technical
and operational measures for decreasing/eliminating dust emissions generated by the activities developed

within the Project.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly performed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of
small intensity explosions will propagate the rock crushing wave.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project
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Proposal

The questioner needs information on the blasting operations that will be carried out in the Rosia Montana
area.:- It has been said in the EIA report that each single blast occuring in the area will contain
approximately 20,000 tons of explosive. It is generally known that there is a certain limit as to the seismic
waves a building can withstand. Nowhere in the EIA is there mentioned the velocity, frequence and
amplitude of the blasts. The questioner wants to know exactly the quantity of explosive used, the velocity,
seismic waves, amplitude and frequency of the blasts.
The quantity of TNT mentioned in the question is over-exaggerated, and the tendentious wording of the
question is misleading. All details related to the blasting technologies can be found in Chapter 2 –
Technological Processes, Section 4.1.1.2 Recovery Works.
In reality, during a blasting phase, up to 1,296 kg AM will be detonated, resulting in a mining mass of
8,000 – 10,000 t. In order to obtain the daily production (tailings and ore), the movement of the rock of
approx. 28-32 mining panels is necessary, respectively the detonation of a quantity of approx. 10 t of
explosive AM-type, as presented in Chapter 2 – Technological Processes, Section 4.1.1.2, p. 60 et seq.
The priming will be of sequential type and NONEL-type non-electric fuses (non-electric) and detonating
wire will be used, technology that assures a mining mass crushing degree compatible to the loading
machines capacity and determines the reduction of the exploded rock spreading area.
For the definitive outlining of the pit sides, bore holes similar to those used for recovery will be used
having though a smaller explosive quantity with approx. 20% compared to the production holes, the start
being given by dynamite cartridges.
For the detonation the NONEL technology will be used.

Solution

The load blasting order will be performed with micro delay, from the hole center to the base part and to
the upper one, and from the center hole of the first row to the side extremities and to the following rows,
technology that assures the significant decrease of the seismic intensity and an increased effectiveness of
the rock movement explosions.
Through the use of modern technologies, adequate measures and actions, the vibrations (or earthquakes)
generated by the open pit explosions will be maintained within certain limits, such as to ensure the
protection of the constructions and other historical monuments existing in the area and proposed for
conservation.
S.C. Ipromin S.A. has prepared a study entitled “Geo-mechanical study for measuring the effects of
quarrying operations on the constructions located inside the protected area” for the purpose of analyzing
the effects of the excavation technologies to be used in the Roşia Montană mining perimeter and
identifying the technological solutions to ensure the protection of the constructions existing inside the
protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.
Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.

Due to the fact that România, at the time of preparation of the EIA, had not adopted any specific
standards for the protection of constructions against the impact of quarrying explosions, this value has
been established based on the relevant standards existing in other states having a long tradition in this
field, and complies with the requirements of the German standard DIN 4150/83 – the most exigent
European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.
Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
The following values of the oscillation velocity of the material particle are determined (Table no. 2 and
Figure 1).
Table no. 2

Blasting Type
Instantaneous
nΔt = 0,140 s micro-delay
nΔt = 0,600 s micro-delay

Distance from the explosion centre
100 m
200 m
300 m
Oscillation velocity [mm/s]
24,8
9,1
4,7
17,6
6,5
3,3
14,6
5,4
2,8

400 m

500 m

3,0
2,2
1,7

2,2
1,6
1,3

Figure 1. Diagram of the oscillation velocity variation depending on the distance depending on the load
detonated per blasting phase.

This technology can be used for an area representing approximately 85% of the open pits area.
At smaller distances, in order to ensure an oscillation velocity of maximum 0.2 cm/s next to the
construction, i.e. to ensure a negligible seismic impact, some special technological variants of the quarrying
technology are required. Such technological variants consist in the reduction of the bore holes diameter
and depth, reduction of the amount of explosive detonated per blasting phase, etc.
This area covers approximately 15%, containing small amounts of ore to be blasted. Zone 2 extends to
maximum 300 m from the nearest construction. In its turn, this zone is divided into three sub-zones of
application of the technological variants for ore blasting.
A maximum load of explosive/blasting phase corresponds to each sub-zone.
In order to measure the quarrying explosions impact on the constructions located inside the protected
area and other historical buildings, a monitoring system will be implemented, consisting in a fixed
network of digital seismographs, with three components installed at the main constructions to be
protected, and a mobile network composed of three mobile seismographs installed on a longitudinal
profile between the protected construction and the centre of the explosions. The processing of the
monitoring data obtained during the operation of the Roşia Montană open pits will also determine the
variation of the dynamic parameters of the seismic oscillations (seismic impact mitigation coefficient).
This velocity ensures the protection of the constructions, provided that the consolidation works are
executed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.
It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.

In conclusion, the special technologies used (within various zones) will not generate any adverse impact
on the constructions from the Roşia Montană commune.
When the sequential starter is adequately delayed, only small amounts of explosive are detonated
simultaneously. The use of blast sequences controlled with the NONEL delay system allows multiple small
explosions, which nonetheless act as one loading, without generating a movement of material outside the
blasting area larger than the coverage of each individual explosion.
Millisecond delays techniques are efficient, due to the fact that the movement of rock outside the action
radius of a single hole is approximately 3 milliseconds per meter. For example, if two blasting holes rows
are drilled at a distance of 8 meters, the second row of holes will explode approximately 24 milliseconds
after detonation of the first row. Thus, the time of detonation of the second row of holes can be set up
such as to maximize the rock movement efficiency.
When mine blasting is properly executed, an outside observer can see the land going up and down, like a wave
front, as if someone induced a smooth oscillation to a carpet placed on the floor. As the wave moves, a series of
small intensity explosions will propagate the rock crushing wave.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project
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14, 15, 16, 17, 21, 24, 25, 26, 27, 28, 29, 30, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 67, 68, 69,
70, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
151, 152, 158, 163, 164, 165, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 190, 196, 197, 198, 199, 200, 201, 204, 206,
210, 211, 212, 213, 215, 217, 218, 219, 220, 222, 223, 224, 225, 226, 227, 228, 229, 235,
236, 237, 238, 239, 240, 241, 244, 247, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258,
264, 272, 274, 275, 276, 277, 278, 279, 280, 281, 282, 286, 288, 289, 293, 297, 299, 304,
305, 306, 307, 329, 331, 332, 334, 338, 353, 354, 357, 360, 361, 362, 363, 364, 365, 366,
367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 380, 382, 383, 390, 391, 392, 393, 394,
404, 406, 407, 408, 409, 410, 411, 413, 414, 416, 418, 420, 421, 422BIS, 430, 433, 436,
437, 440, 441, 444, 446, 447, 448, 449, 452, 453, 454, 455, 456, 460, 462, 471, 472, 475,
478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495,
496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 513,
514, 515, 516, 517, 518, 519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531,
532, 533, 534, 535, 536, 537, 538, 538BIS, 539, 540, 541, 542, 543, 545, 547, 548, 549,
550, 551, 552, 553, 554, 555, 556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567,
568, 569, 570, 571, 572, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585,
586, 587, 588, 589, 590, 591, 592, 593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603,
604, 605, 606, 607, 608, 610, 611, 612, 613, 614, 615, 616, 617, 618, 619, 620, 621, 622,
623, 624, 625, 626, 627, 628, 630, 631, 632, 633, 634, 635, 636, 637, 638, 639, 640, 641,
642, 643, 644, 645, 646, 751, 752, 753, 754, 755, 756, 757, 758, 759, 760, 761, 762, 763,
764, 765, 766, 767, 768, 769, 770, 771, 772, 773, 774, 775, 776, 777, 778, 779, 780, 781,
782, 783, 784, 785, 786, 787, 788, 789, 790, 791, 792, 793, 794, 795, 796, 797, 798, 799,
800, 801, 802, 803, 804, 805, 806, 807, 808, 809, 810, 811, 812, 813, 814, 815, 816, 817,
818, 819, 820, 821, 822, 823, 824, 825, 826, 827, 828, 829, 830, 831, 832, 833, 834, 835,
836, 837, 838, 839, 840, 841, 842, 843, 844, 845, 846, 847, 848, 849, 850, 851, 852, 853,
854, 855, 856, 857, 858, 859, 860, 861, 862, 863, 864, 865, 866, 867, 868, 869, 873, 875,
877, 878, 879, 881, 882, 883, 884, 885, 886, 887, 888, 889, 890, 891, 894, 895, 896, 897,
898, 899, 900, 908, 909, 910, 914, 915, 916, 917, 918, 919, 920, 924, 925, 926, 927, 928,
929, 930, 931, 932, 933, 934, 935, 936, 937, 938, 939, 940, 941, 942, 943, 944, 945, 946,
947, 948, 949, 950, 951, 952, 953, 954, 955, 956, 957, 958, 959, 960, 961, 962, 963, 964,
965, 966, 967, 968, 969, 970, 971, 972, 973, 974, 975, 976, 977, 978, 979, 980, 981, 982,
983, 984, 985, 986, 987, 988, 989, 990, 991, 992, 993, 994, 995, 996, 997, 1008, 1009,
1010, 1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023,
1024, 1025, 1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037,
1038, 1039, 1040, 1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051,
1052, 1053, 1054, 1055, 1056, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1065,
1066, 1067, 1068, 1069, 1070, 1071, 1072, 1073, 1074, 1075, 1076, 1077, 1078, 1079,
1080, 1081, 1082, 1083, 1084, 1226, 1227, 1228, 1229, 1230, 1245, 1251, 1252, 1253,
1254, 1255, 1256, 1257, 1259, 1260, 1352, 1361, 1362, 1363, 1364, 1365, 1366, 1367,
1368, 1369, 1370, 1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381,
1382, 1384, 1385, 1386, 1387, 1388, 1389, 1390, 1392, 1393, 1394, 1395, 1396, 1397,
1398, 1399, 1400, 1401, 1414, 1415, 1416, 1417, 1418, 1421, 1422, 1423, 1424, 1425,
1426, 1427, 1428, 1429, 1430, 1431, 1432, 1433, 1434, 1435, 1436, 1437, 1438, 1439,
1444, 1445, 1447, 1448, 1449, 1451, 1452, 1453, 1454, 1455, 1457, 1458, 1459, 1462,
1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474, 1475, 1476,
1477, 1478, 1483, 1485, 1489, 1494, 1495, 1501, 1502, 1503, 1508, 1513, 1531, 1532,
1534, 1535, 1536, 1537, 1538, 1540, 1555, 1561, 1562, 1563, 1564, 1568, 1569, 1570,
1571, 1572, 1573, 1574, 1575, 1576, 1577, 1578, 1579, 1580, 1581, 1582, 1583, 1584,
1585, 1586, 1587, 1588, 1589, 1590, 1591, 1592, 1593, 1594, 1595, 1596, 1597, 1603,
1606, 1607, 1608, 1609, 1610, 1612, 1622, 1623, 1624, 1625, 1626, 1627, 1628, 1629,
1630, 1631, 1632, 1633, 1634, 1635, 1636, 1637, 1638, 1639, 1640, 1641, 1642, 1643,
1644, 1645, 1646, 1647, 1648, 1649, 1650, 1651, 1652, 1653, 1654, 1655, 1656, 1657,
1658, 1659, 1660, 1661, 1662, 1663, 1664, 1665, 1666, 1667, 1668, 1669, 1670, 1671,

1672, 1673, 1674, 1675, 1676, 1677, 1678, 1679, 1680, 1681, 1682, 1684, 1685, 1687,
1689, 1690, 1691, 1693, 1697, 1698, 1700, 1704, 1706, 1707, 1711, 1712, 1712BIS,
1713, 1713BIS, 1714, 1715, 1716, 1717, 1722, 1724, 1725, 1726, 1727, 1728, 1729,
1730, 1731, 1732, 1733, 1734, 1735, 1736, 1737, 1738, 1739, 1740, 1741, 1742, 1743,
1744, 1745, 1746, 1748, 1749, 1750, 1751, 1752, 1753, 1754, 1755, 1756, 1757, 1758,
1759, 1760, 1761, 1762, 1763, 1764, 1765, 1766, 1767, 1768, 1769, 1770, 1771, 1772,
1773, 1774, 1775, 1776, 1777, 1780, 1784, 1785, 1786, 1791, 1792, 1793, 1795, 1796,
1797, 1800, 1801, 1802, 1803, 1804, 1805, 1806, 1807, 1808, 1809, 1810, 1811, 1812,
1813, 1814, 1815, 1816, 1817, 1818, 1819, 1820, 1830, 1840, 1841, 1842, 1843, 1844,
1845, 1846, 1847, 1848, 1849, 1850, 1851, 1852, 1853, 1854, 1855, 1856, 1857, 1858,
1859, 1860, 1861, 1862, 1863, 1865, 1866, 1867, 1868, 1869, 1874, 1875, 1876, 1877,
1878, 1879, 1881, 1882, 1883, 1898, 1899, 1900, 1901, 1903, 1904, 1905, 1906, 1907,
1908, 1909, 1912, 1923, 1924, 1925, 1928, 1929, 1930, 1931, 1932, 1933, 1934, 1935,
1936, 1937, 1938, 1939, 1940, 1941, 1942, 1943, 1944, 1945, 1946, 1947, 1948, 1949,
1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959, 1960, 1961, 1962, 1963,
1964, 1965, 1966, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975, 1976, 1977,
1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988, 1989, 1990, 1991,
1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004, 2005,
2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019,
2020, 2021, 2022, 2023, 2024, 2025, 2026, 2027, 2028, 2029, 2030, 2031, 2032, 2033,
2034, 2035, 2036, 2037, 2038, 2039, 2040, 2041, 2042, 2043, 2044, 2045, 2046, 2047,
2048, 2049, 2050, 2051, 2052, 2053, 2054, 2055, 2056, 2057, 2058, 2059, 2060, 2061,
2062, 2063, 2064, 2065, 2066, 2067, 2068, 2069, 2070, 2071, 2072, 2073, 2074, 2075,
2076, 2077, 2078, 2079, 2080, 2081, 2082, 2083, 2084, 2085, 2086, 2087, 2088, 2089,
2090, 2091, 2092, 2093, 2094, 2095, 2096, 2097, 2098, 2099, 2100, 2101, 2102, 2103,
2104, 2105, 2106, 2107, 2108, 2109, 2110, 2111, 2112, 2113, 2114, 2115, 2116, 2117,
2118, 2119, 2120, 2121, 2122, 2123, 2124, 2125, 2126, 2127, 2128, 2129, 2130, 2131,
2132, 2133, 2134, 2135, 2136, 2137, 2138, 2139, 2140, 2141, 2142, 2143, 2144, 2145,
2146, 2147, 2148, 2149, 2150, 2151, 2152, 2153, 2154, 2155, 2156, 2157, 2158, 2159,
2160, 2161, 2162, 2163, 2164, 2165, 2166, 2167, 2168, 2169, 2170, 2171, 2172, 2173,
2174, 2175, 2176, 2177, 2178, 2179, 2180, 2181, 2182, 2183, 2184, 2185, 2186, 2187,
2188, 2189, 2190, 2191, 2192, 2193, 2194, 2195, 2196, 2197, 2198, 2199, 2200, 2201,
2202, 2203, 2204, 2205, 2206, 2207, 2208, 2209, 2210, 2211, 2212, 2213, 2214, 2215,
2216, 2217, 2218, 2219, 2220, 2221, 2222, 2223, 2224, 2225, 2226, 2227, 2228, 2229,
2230, 2231, 2232, 2233, 2234, 2235, 2236, 2237, 2238, 2239, 2240, 2241, 2242, 2243,
2244, 2245, 2246, 2247, 2248, 2249, 2250, 2251, 2252, 2253, 2254, 2255, 2256, 2257,
2258, 2259, 2260, 2261, 2262, 2263, 2264, 2265, 2266, 2267, 2268, 2270, 2271, 2272,
2273, 2274, 2275, 2276, 2277, 2278, 2279, 2280, 2281, 2282, 2283, 2284, 2285, 2286,
2287, 2288, 2289, 2290, 2291, 2292, 2293, 2294, 2295, 2296, 2297, 2298, 2299, 2300,
2301, 2302, 2303, 2304, 2305, 2306, 2307, 2308, 2309, 2310, 2311, 2312, 2313, 2314,
2315, 2316, 2317, 2318, 2319, 2320, 2321, 2322, 2323, 2324, 2325, 2326, 2327, 2328,
2329, 2330, 2331, 2332, 2333, 2334, 2335, 2336, 2337, 2338, 2339, 2340, 2341, 2342,
2343, 2344, 2345, 2346, 2347, 2348, 2349, 2350, 2351, 2352, 2353, 2354, 2355, 2356,
2357, 2358, 2359, 2360, 2361, 2362, 2363, 2364, 2365, 2366, 2367, 2398, 2399, 2400,
2401, 2402, 2403, 2404, 2405, 2406, 2407, 2408, 2409, 2410, 2411, 2412, 2413, 2414,
2415, 2416, 2417, 2418, 2419, 2420, 2421, 2422, 2423, 2424, 2425, 2426, 2427, 2428,
2429, 2430, 2432, 2433, 2434, 2435, 2436, 2437, 2438, 2439, 2440, 2441, 2442, 2443,
2444, 2445, 2446, 2447, 2448, 2449, 2450, 2451, 2452, 2453, 2454, 2455, 2456, 2457,
2458, 2459, 2460, 2461, 2462, 2463, 2464, 2465, 2466, 2467, 2468, 2469, 2470, 2471,
2472, 2473, 2474, 2475, 2476, 2477, 2478, 2479, 2480, 2481, 2482, 2483, 2484, 2485,
2486, 2487, 2488, 2489, 2490, 2491, 2492, 2493, 2494, 2495, 2496, 2497, 2498, 2499,
2500, 2501, 2502, 2503, 2504, 2505, 2506, 2507, 2508, 2509, 2510, 2511, 2512, 2513,
2514, 2515, 2516, 2517, 2518, 2519, 2520, 2520BIS, 2521, 2522, 2523, 2524, 2525,
2526, 2527, 2528, 2529, 2530, 2531, 2532, 2533, 2534, 2535, 2536, 2537, 2538, 2539,
2540, 2541, 2542, 2543, 2544, 2545, 2546, 2547, 2548, 2549, 2550, 2551, 2552, 2553,
2554, 2555, 2556, 2557, 2558, 2559, 2560, 2561, 2562, 2563, 2564, 2565, 2566, 2567,
2568, 2569, 2570, 2571, 2572, 2573, 2574, 2575, 2576, 2577, 2578, 2579, 2580, 2581,
2582, 2583, 2584, 2585, 2586, 2587, 2588, 2589, 2590, 2591, 2594, 2596, 2597, 2598,
2599, 2600, 2601, 2603, 2604, 2605, 2606, 2607, 2608, 2609, 2611, 2612, 2618, 2623,

2624, 2625, 2626, 2627, 2628, 2629, 2630, 2631, 2632, 2633, 2634, 2635, 2636, 2637,
2638, 2639, 2640, 2641, 2642, 2643, 2644, 2645, 2646, 2647, 2648, 2649, 2650, 2651,
2652, 2653, 2654, 2655, 2656, 2657, 2658, 2659, 2660, 2661, 2662, 2663, 2664, 2665,
2666, 2667, 2668, 2669, 2670, 2671, 2672, 2673, 2674, 2675, 2676, 2677, 2678, 2679,
2680, 2681, 2682, 2683, 2684, 2685, 2686, 2687, 2688, 2689, 2690, 2691, 2692, 2693,
2694, 2695, 2696, 2697, 2698, 2699, 2700, 2701, 2702, 2703, 2704, 2705, 2706, 2707,
2708, 2709, 2710, 2711, 2712, 2713, 2714, 2715, 2716, 2717, 2718, 2719, 2720, 2721,
2722, 2723, 2724, 2725, 2726, 2727, 2728, 2729, 2730, 2731, 2732, 2733, 2734, 2735,
2736, 2737, 2738, 2739, 2740, 2741, 2742, 2743, 2744, 2745, 2746, 2747, 2748, 2750,
2751, 2752, 2753, 2754, 2755, 2756, 2757, 2758, 2759, 2760, 2761, 2762, 2763, 2764,
2765, 2766, 2767, 2768, 2769, 2770, 2771, 2772, 2773, 2774, 2775, 2776, 2777, 2778,
2779, 2780, 2781, 2782, 2783, 2784, 2785, 2786, 2787, 2788, 2789, 2790, 2791, 2792,
2793, 2794, 2807, 2808, 2809, 2810, 2811, 2812, 2813, 2814, 2815, 2816, 2817, 2818,
2819, 2820, 2821, 2822, 2823, 2824, 2825, 2826, 2827, 2828, 2829, 2830, 2831, 2832,
2833, 2834, 2835, 2836, 2837, 2838, 2839, 2840, 2841, 2842, 2843, 2844, 2845, 2846,
2847, 2848, 2849, 2850, 2851, 2852, 2853, 2854, 2855, 2856, 2857, 2858, 2859, 2860,
2861, 2862, 2863, 2864, 2865, 2866, 2869, 2869BIS, 2870, 2871, 2872, 2873, 2874,
2875, 2876, 2877, 2878, 2879, 2880, 2881, 2882, 2883, 2884, 2885, 2886, 2887, 2888,
2889, 2890, 2891, 2892, 2893, 2894, 2895, 2896, 2897, 2898, 2899, 2900, 2901, 2902,
2903, 2904, 2905, 2906, 2907, 2908, 2909, 2910, 2911, 2912, 2913, 2914, 2915, 2916,
2917, 2918, 2919, 2920, 2921, 2922, 2923, 2924, 2925, 2926, 2927, 2928, 2929, 2930,
2931, 2932, 2933, 2934, 2935, 2936, 2937, 2938, 2939, 2940, 2941, 2942, 2943, 2944,
2945, 2946, 2947, 2948, 2949, 2950, 2951, 2952, 2953, 2954, 2955, 2956, 2957, 2958,
2959, 2960, 2961, 2962, 2963, 2964, 2965, 2966, 2967, 2968, 2969, 2970, 2971, 2972,
2973, 2974, 2975, 2976, 2977, 2978, 2979, 2980, 2981, 2982, 2983, 2985, 2987, 2988,
2989BIS, 2990BIS, 2991BIS, 2992BIS, 2993BIS, 3000, 3001, 3039, 3047, 3048, 3049,
3050, 3051, 3052, 3053, 3054, 3055, 3056, 3057, 3058, 3059, 3060, 3061, 3062, 3112,
3189, 3190, 3191, 3192, 3193, 3194, 3195, 3196, 3201, 3202, 3203, 3204, 3205, 3206,
3207, 3208, 3209, 3210, 3211, 3212, 3213, 3214, 3215, 3216, 3217, 3218, 3219, 3220,
3221, 3222, 3223, 3224, 3225, 3226, 3228, 3257, 3258, 3259, 3260, 3261, 3263, 3264,
3265, 3266, 3267, 3268, 3269, 3270, 3271, 3272, 3273, 3274, 3275, 3276, 3277, 3278,
3279, 3280, 3281, 3282, 3283, 3284, 3285, 3286, 3287, 3288, 3289, 3290, 3291, 3292,
3293, 3294, 3295, 3296, 3297, 3298, 3299, 3300, 3301, 3302, 3303, 3304, 3305, 3306,
3307, 3308, 3309, 3310, 3311, 3312, 3313, 3314, 3315, 3316, 3317, 3318, 3319, 3320,
3321, 3322, 3323, 3324, 3325, 3326, 3327, 3328, 3329, 3330, 3331, 3332, 3333, 3334,
3335, 3336, 3337, 3338, 3339, 3340, 3341, 3342, 3343, 3344, 3345, 3346, 3347, 3348,
3349, 3350, 3351, 3352, 3353, 3354, 3355, 3356, 3357, 3358, 3359, 3360, 3361, 3362,
3363, 3364, 3365, 3366, 3367, 3368, 3369, 3370, 3371, 3372, 3373, 3374, 3375, 3376,
3377, 3378, 3379, 3380, 3381, 3382, 3383, 3384, 3385, 3386, 3387, 3388, 3389, 3390,
3391, 3392, 3393, 3394, 3395, 3396, 3397, 3398, 3399, 3400, 3401, 3402, 3403, 3404,
3405, 3406, 3407, 3408, 3409, 3410, 3411, 3412, 3413, 3414, 3415, 3416, 3417, 3418,
3419, 3420, 3421, 3422, 3423, 3424, 3425, 3426, 3427, 3428, 3429, 3430, 3431, 3432,
3433, 3434, 3435, 3436, 3437, 3438, 3439, 3440, 3441, 3442, 3443, 3444, 3445, 3446,
3447, 3448, 3449, 3450, 3451, 3452, 3453, 3454, 3455, 3456, 3457, 3458, 3459, 3460,
3461, 3462, 3463, 3464, 3465, 3466, 3467, 3468, 3469, 3470, 3471, 3472, 3473, 3474,
3475, 3476, 3477, 3478, 3479, 3480, 3481, 3482, 3483, 3484, 3485, 3486, 3487, 3488,
3489, 3490, 3491, 3492, 3493, 3494, 3495, 3496, 3497, 3498, 3499, 3500, 3501, 3502,
3503, 3504, 3505, 3506, 3507, 3508, 3509, 3510, 3511, 3512, 3513, 3514, 3515, 3516,
3517, 3518, 3519, 3520, 3521, 3522, 3523, 3524, 3525, 3526, 3527, 3528, 3529, 3530,
3531, 3532, 3533, 3534, 3535, 3536, 3537, 3538, 3539, 3540, 3541, 3542, 3543, 3544,
3545, 3546, 3547, 3548, 3549, 3550, 3551, 3552, 3553, 3554, 3555, 3556, 3557, 3558,
3559, 3560, 3561, 3562, 3563, 3564, 3565, 3566, 3567, 3568, 3569, 3570, 3571, 3572,
3573, 3574, 3575, 3576, 3577, 3578, 3579, 3580, 3581, 3582, 3583, 3584, 3585, 3586,
3587, 3588, 3589, 3590, 3591, 3592, 3597, 3598, 3599, 3600, 3601, 3602, 3603, 3604,
3605, 3606, 3607, 3608, 3609, 3617, 3618, 3619, 3620, 3621, 3622, 3623, 3624, 3625,
3626, 3627, 3628, 3629, 3630, 3631, 3632, 3633, 3634, 3635, 3636, 3637, 3638, 3639,
3640, 3641, 3642, 3643, 3644, 3645, 3646, 3647, 3648, 3649, 3650, 3651, 3652, 3653,
3654, 3655, 3656, 3657, 3658, 3659, 3660, 3661, 3662, 3663, 3664, 3665, 3666, 3667,
3668, 3669, 3670, 3671, 3672, 3673, 3674, 3675, 3676, 3677, 3678, 3679, 3680, 3681,
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3682, 3683, 3684, 3685, 3686, 3687, 3688, 3689, 3690, 3691, 3692, 3693, 3694, 3695,
3696, 3697, 3698, 3699, 3700, 3701, 3702, 3703, 3704, 3705, 3706, 3707, 3708, 3709,
3710, 3711, 3712, 3713, 3714, 3715, 3716, 3717, 3718, 3719, 3720, 3721, 3722, 3723,
3724, 3725, 3726, 3727, 3728, 3729, 3730, 3731, 3732, 3733, 3734, 3735, 3736, 3737,
3738, 3739, 3740, 3741, 3742, 3743, 3744, 3745, 3746, 3747, 3748, 3749, 3750, 3751,
3752, 3753, 3754, 3755, 3756, 3757, 3758, 3759, 3760, 3761, 3762, 3763, 3764, 3765,
3766, 3767, 3768, 3769, 3770, 3771, 3772, 3773, 3774, 3775, 3776, 3777, 3778, 3779,
3780, 3781, 3782, 3783, 3784, 3785, 3786, 3787, 3788, 3789, 3790, 3791, 3792, 3793,
3794, 3795, 3796, 3797, 3798, 3799, 3800, 3801, 3802, 3803, 3804, 3805, 3806, 3807,
3808, 3809, 3810, 3811, 3812, 3813, 3814, 3815, 3817, 3818, 3819, 3820, 3821, 3822,
3823, 3824, 3825, 3826, 3827, 3828, 3829, 3830, 3831, 3832, 3833, 3834, 3835, 3836,
3837, 3838, 3839, 3840, 3841, 3842, 3843, 3844, 3845, 3846, 3847, 3848, 3849, 3850,
3851, 3852, 3853, 3854, 3855, 3856, 3857, 3858, 3859, 3860, 3861, 3862, 3863, 3864,
3865, 19/D;5474/B, 20/D;5475/B, 21/D;5476/B, 22/D;5477/B, 23/D;5478/B,
24/D;5479/B, 25/D;5480/B, 26/D;5481/B, 27/D;5482/B, 28/D;5483/B, 29/D;5484/B,
5606, 5607, 5608, 5609, 5610, 32/D;5611/B, 36, 42, 43, 44, 45, 49, 51
No. 108386/19.07.2006 and No. 74152/AF/20.07.2006, No. 108384/19.07.2006 and
No. 74150/AF/20.07.2006, No. 1081385/19.07.2006 and No. 74151/AF/20.07.2006,
No. 1081330/17.07.2006 and No. 74153/AF/20.07.2006, No. 108444/21.07.2006 and
No. 74177/AF/24.07.2006, No. 74173/AF/24.07.2006, No. 108407/20.07.2006 and No.
74172/AF/24.07.2006, No. 108408/20.07.2006 and No. 74171/AF/24.07.2006, No.
108479/24.07.2006 and No. 74179/AF/25.07.2006, No. 108449/21.07.2006 and No.
74180/AF/25.07.2006, No. 108478/24.07.2006 and No. 74181/AF/25.07.2006, No.
108475/24.07.2006 and No. 74182/AF/25.07.2006, No. 108474/24.07.2006 and No.
74183/AF/25.07.2006, No. 108474/24.07.2006 and No. 74184/AF/25.07.2006, No.
108473/24.07.2006 and No. 74185/AF/25.07.2006, No. 108472/24.07.2006, No.
108471/24.07.2006 and No. 74187/AF/25.07.2006, No. 108563/26.07.2006 and No.
74192/AF/26.07.2006, No. 108562/26.07.2006 and No. 108474/24.07.2006 and No.
74193/AF/26.07.2006, No. 108561/26.07.2006 and No. 74194/AF/26.07.2006, No.
108559/26.07.2006 and No. 74195/AF/26.07.2006, No. 108558/26.07.2006. and No.
74196/AF/26.07.2006, No. 108557/26.07.2006 and No. 74197/AF/26.07.2006, No.
108555/26.07.2006 and No. 74198/AF/26.07.2006, No. 108554/26.07.2006 and No.
74199/AF/26.07.2006, No. 108553/26.07.2006 and No. 74200/AF/26.07.2006, No.
108556/26.07.2006 and No. 74201/AF/26.07.2006, No. 108552/26.07.2006 and No.
74202/AF/26.07.2006, No. 108522/25.07.2006 and No. 74203/AF/26.07.2006, No.
108521/25.07.2006 and No. 74204/AF/26.07.2006, No. 108520/25.07.2006 and No.
74205/AF/26.07.2006, No. 108519/25.07.2006 and No. 74206/AF/26.07.2006, No.
108518/25.07.2006 and No. 74207/AF/26.07.2006, No. 108517/25.07.2006 and No.
74208/AF/26.07.2006, No. 108494/25.07.2006 and No. 74209/AF/26.07.2006, No.
108493/25.07.2006 and No. 74210/AF/26.07.2006, No. 108489/25.07.2006 and No.
74211/AF/26.07.2006, No. 108564/26.07.2006 and No. 74212/AF/26.07.2006, No.
108601/28.07.2006 and No. 74221/AF/28.07.2006, No. 108602/28.07.2006 and No.
74222/AF/28.07.2006, No. 108603/28.07.2006 and No. 74223/AF/28.07.2006, No.
108605/28.07.2006 and No. 74225/AF/28.07.2006, No. 108606/28.07.2006 and No.
74226/AF/28.07.2006, No. 108607/28.07.2006 and No. 74227/AF/28.07.2006, No.
108608/28.07.2006 and No. 74228/AF/28.07.2006, No. 108610/28.07.2006 and No.
74230/AF/28.07.2006, No. 108611/28.07.2006 and No. 74231/AF/28.07.2006, No.
108612/28.07.2006 and No. 74232/AF/28.07.2006, No. 108613/28.07.2006 and No.
74233/AF/28.07.2006, No. 108615/28.07.2006 and No. 74235/AF/28.07.2006, No.
108616/28.07.2006 and No. 74236/AF/28.07.2006, No. 108617/28.07.2006 and No.
74237/AF/28.07.2006, No. 108618/28.07.2006 and No. 74238/AF/28.07.2006, No.
108619/28.07.2006 and No. 74239/AF/28.07.2006, No. 108620/28.07.2006 and No.
74240/AF/28.07.2006, No. 108621/28.07.2006 and No. 74241/AF/28.07.2006, No.
108622/28.07.2006 and No. 74242/AF/28.07.2006, No. 108623/28.07.2006 and No.
74243/AF/28.07.2006, No. 108625/28.07.2006 and No. 74244/AF/28.07.2006, No.
108626/28.07.2006 and No. 74245/AF/28.07.2006, No. 108627/28.07.2006 and No.
74246/AF/28.07.2006, No. 108628/28.07.2006 and No. 74247/AF/28.07.2006, No.
108629/28.07.2006 and No. 74248/AF/28.07.2006, No. 108630/28.07.2006 and No.
74249/AF/28.07.2006, No. 108636/28.07.2006 and No. 74250/AF/28.07.2006, No.

108637/28.07.2006 and No. 74251/AF/28.07.2006, No. 108638/28.07.2006 and No.
74252/AF/28.07.2006, No. 108639/28.07.2006 and No. 74253/AF/28.07.2006, No.
108640/28.07.2006 and No. 74254/AF/28.07.2006, No. 10841/28.07.2006 and No.
74255/AF/28.07.2006, No. 108642/28.07.2006 and No. 74256/AF/28.07.2006, No.
108643/28.07.2006 and No. 74257/AF/28.07.2006, No. 108644/28.07.2006 and No.
74258/AF/28.07.2006, No. 108645/28.07.2006 and No. 74259/AF/28.07.2006, No.
108646/28.07.2006 and No. 74260/AF/28.07.2006, No. 108647/28.07.2006 and No.
74261/AF/28.07.2006, No. 10848/28.07.2006 and No. 74262/AF/28.07.2006, No.
108649/28.07.2006 and No. 74263/AF/28.07.2006, No. 108650/28.07.2006 and No.
74264/AF/28.07.2006, No. 108624/28.07.2006 and No. 74265/AF/28.07.2006, FR.No.
and No. 74266/AF/28.07.2006, No. 74271/AF/01.08.2006, No. 108698/31.07.2006 and
No. 74279/01.08.2006, No. 108699/31.07.2006 and No. 74280/01.08.2006, No.
108700/31.07.2006 and No. 74281/01.08.2006, No. 108701/31.07.2006 and No.
74282/01.08.2006, No. 108702/31.07.2006 and No. 74283/01.08.2006, No.
108703/31.07.2006 and No. 74284/01.08.2006, No. 108704/31.07.2006 and No.
74285/01.08.2006, No. 108705/31.07.2006 and No. 74286/01.08.2006, No.
108707/31.07.2006 and No. 74287/01.08.2006, No. 108708/31.07.2006 and No.
74288/01.08.2006, No. 10870931.07.2006 and No. 74289/01.08.2006, No.
108710/31.07.2006 and No. 74290/01.08.2006, No. 108711/31.07.2006 and No.
74291/01.08.2006, No. 108712/31.07.2006 and No. 74292/01.08.2006, No.
108713/31.07.2006 and No. 74293/01.08.2006, No. 108714/31.07.2006 and No.
74294/01.08.2006, No. 108716/31.07.2006 and No. 74295/01.08.2006, No.
108717/31.07.2006 and No. 74296/01.08.2006, No. 108718/31.07.2006 and No.
74297/01.08.2006, No. 108719/31.07.2006 and No. 74298/01.08.2006, No.
108720/31.07.2006 and No. 74299/01.08.2006, No. 108721/31.07.2007 and No.
74300/01.08.2006, No. 108722/31.07.2006 and No. 74301/01.08.2006, No.
108715/31.07.2006 and No. 74302/01.08.2006, No. 108723/31.07.2006 and No.
74303/01.08.2006, No. 108724/31.07.2006 and No. 74304/01.08.2006, No.
108726/01.08.2006 and No. 74305/01.08.2006, No. 108733/31.07.2006 and No.
74306/01.08.2006, No. 108734/01.08.2006 and No. 74307/01.08.2006, No.
108735/01.08.2006 and No. 74308/01.08.2006, No. 108736/01.08.2006 and No.
74309/01.08.2006, No. 108737/01.08.2006 and No. 74310/01.08.2006, No.
108738/01.08.2006 and No. 74311/01.08.2006, No. 108739/01.08.2006 and No.
74312/01.08.2006, No. 108740/01.08.2006 and No. 74313/01.08.2006, No.
108741/01.08.2006 and No. 74314/01.08.2006, No. 108742/01.08.2006 and No.
74315/01.08.2006, No. 108743/01.08.2006 and No. 74316/01.08.2006, No.
108763/01.08.2006 and No. 74317/01.08.2006, No. 108764/01.08.2006 and No.
74318/01.08.2006, No. 108765/01.08.2006 and No. 74319/01.08.2006, No.
108766/01.08.2006 and No. 74320/01.08.2006, No. 108767/01.08.2006 and No.
74321/01.08.2006, No. 108768/01.08.2006 and No. 74322/01.08.2006, No.
108725/31.07.2006 and No. 74323/01.08.2006, No. 108786/02.08.2006 and No.
74338/02.08.2006, No. 108786/02.08.2006 and No. 74339/02.08.2006, No.
108792/02.08.2006 and No. 74345/02.08.2006, No. 108800/02.08.2006 and No.
74350/02.08.2006, No. 108801/02.08.2006 and No. 74351/02.08.2006, No.
108802/02.08.2006 and No. 74352/02.08.2006, No. 108807/02.08.2006 and No.
74354/02.08.2006, No. 108806/02.08.2006 and No. 74355/02.08.2006, No.
108805/02.08.2006 and No. 74356/02.08.2006, No. 108804/02.08.2006 and No.
74357/02.08.2006, No. 108793/02.08.2006 and No. 74358/02.08.2006, No.
108850/03.08.2006 and No. 74372/04.08.2006, No. 108849/03.08.2006 and No.
74373/04.08.2006, No. 108848/03.08.2006 and No. 74374/04.08.2006, No.
108847/03.08.2006 and No. 74375/04.08.2006, No. 10884603.08.2006 and No.
74376/04.08.2006, No. 108845/03.08.2006 and No. 74377/04.08.2006, No.
108843/03.08.2006 and No. 74378/04.08.2006, No. 108844/03.08.2006 and No.
74379/04.08.2006, No. 108841/03.08.2006 and No. 74380/04.08.2006, No.
108840/03.08.2006 and No. 74381/04.08.2006, No. 108842/03.08.2006 and No.
74382/04.08.2006, No. 108839/03.08.2006 and No. 74383/04.08.2006, No.
108838/03.08.2006 and No. 74384/04.08.2006, No. 108837/03.08.2006 and No.
74385/04.08.2006, No. 108836/03.08.2006 and No. 74386/04.08.2006, No.
108835/03.08.2006 and No. 74387/04.08.2006, No. 108854/03.08.2006 and No.

74390/04.08.2006, No. 108851/03.08.2006 and No. 74396/04.08.2006, No.
108860/03.08.2006 and No. 74397/04.08.2006, No. 108861/03.08.2006 and No.
74398/04.08.2006, FR. No. REGIS. and No. 74399/04.08.2006, FR. No. and No.
7440004.08.2006, No. 108862/03.08.2006 and No. 74401/04.08.2006, No.
108865/03.08.2006 and No. 74404/04.08.2006, No. 108867/03.08.2006 and No.
7440604.08.2006, No. 108871/03.08.2006 and No. 74410/04.08.2006, No.
108872/03.08.2006 and No. 74411/04.08.2006, No. 108873/03.08.2006 and No.
74412/04.08.2006, No. 108874/03.08.2006 and No. 74413/04.08.2006, No.
108876/03.08.2006 and No. 74415/04.08.2006, No. 108878/03.08.2006 and No.
7441704.08.2006, No. 1088790/03.08.2006 and No. 74418/04.08.2006, No.
108880/03.08.2006 and No. 74419/04.08.2006, No. 108881/03.08.2006 and No.
74420/04.08.2006, No. 108883/03.08.2006 and No. 74422/04.08.2006, No.
108884/03.08.2006 and No. 74423/04.08.2006, No. 108885/03.08.2006 and No.
74424/04.08.2006, No. 108893/04.08.2006 and No. 74427/07.08.2006, No.
108963/04.08.2006 and No. 74431/07.08.2006, No. 108962/04.08.2006 and No.
74432/07.08.2006, No. 108961/04.08.2006 and No. 74433/07.08.2006, No.
108960/04.08.2006 and No. 74434/07.08.2006, No. 108959/04.08.2006 and No.
74440/07.08.2006, No. 108954/04.08.2006 and No. 74441/07.08.2006, No.
108953/04.08.2006 and No. 74442/07.08.2006, No. 108952/04.08.2006 and No.
74443/07.08.2006, No. 108951/04.08.2006 and No. 74444/07.08.2006, No.
108950/04.08.2006 and No. 74445/07.08.2006, No. 108949/04.08.2006 and No.
74446/07.08.2006, No. 108945/04.08.2006 and No. 74449/07.08.2006, No.
108942/04.08.2006 and No. 74452/07.08.2006, No. 108931/04.08.2006 and No.
74454/07.08.2006, No. 108932/04.08.2006 and No. 74455/07.08.2006, No.
108929/04.08.2006 and No. 74456/07.08.2006, No. 108933/04.08.2006 and No.
74457/07.08.2006, No. 108934/04.08.2006 and No. 74458/07.08.2006, No.
108935/04.08.2006 and No. 74459/07.08.2006, No. 108936/04.08.2006 and No.
74461/07.08.2006, No. 108937/04.08.2006 and No. 74462/07.08.2006, No.
108939/04.08.2006 and No. 74463/07.08.2006, No. 108940/04.08.2006 and No.
74464/07.08.2006, No. 109007/07.08.2006 and No. 74481/08.08.2006, No.
109017/07.08.2006 and No. 74489/08.08.2006, No. 109019/07.08.2006 and No.
74491/08.08.2006, No. 109021/07.08.2006 and No. 74492/08.08.2006, No.
109022/07.08.2006 and No. 74493/08.08.2006, No. 109005/07.08.2006 and No.
74494/08.08.2006, No. 109023/07.08.2006 and No. 74495/08.08.2006, No.
109025/07.08.2006 and No. 74496/08.08.2006, No. 109026/07.08.2006 and No.
74497/08.08.2006, No. 109027/07.08.2006 and No. 74498/08.08.2006, No.
109028/07.08.2006 and No. 74499/08.08.2006, No. 109036/07.08.2006 and No.
74503/08.08.2006, No. 109033/07.08.2006 and No. 74505/08.08.2006, No.
109039/07.08.2006 and No. 74506/08.08.2006, No. 109040/07.08.2006 and No.
74510/08.08.2006, No. 109044/07.08.2006 and No. 74514/08.08.2006, No.
109046/07.08.2006 and No. 74516/08.08.2006, No. 109051/07.08.2006 and No.
74521/08.08.2006, No. 109052/07.08.2006 and No. 74522/08.08.2006, No.
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76100/05.09.2006, No. 110726/25.08.2006 and No. 76101/05.09.2006, No.
110725/25.08.2006 and No. 76102/05.09.2006, No. 110852/25.08.2006 and No.
165062/06.09.2006, No. 110853/25.08.2006 and No. 165063/06.09.2006, No.
110854/25.08.2006 and No. 165064/06.09.2006, No. 110855/25.08.2006 and No.
165065/06.09.2006, No. 110856/25.08.2006 and No. 165066/06.09.2006, No.
110857/25.08.2006 and No. 165067/06.09.2006, No. 110858/25.08.2006 and No.
165068/06.09.2006, No. 110859/25.08.2006 and No. 165069/06.09.2006, No.
110860/25.08.2006 and No. 165070/06.09.2006, No. 110861/25.08.2006 and No.
165071/06.09.2006, No. 110862/25.08.2006 and No. 165072/06.09.2006, No.
110863/25.08.2006 and No. 165073/06.09.2006, No. 110864/25.08.2006 and No.
165074/06.09.2006, No. 110973/25.08.2006 and No. 165085/07.09.2006, No.
110963/25.08.2006, No. 110962/25.08.2006, No. 110961/25.08.2006, No.
110960/25.08.2006, No. 110959/25.08.2006, No. 110958/25.08.2006 and No., No.
110957/25.08.2006, No. 110956/25.08.2006, No. 110955/25.08.2006, No.
110954/25.08.2006, No. 110953/25.08.2006, No. 110952/25.08.2006, No.
110951/25.08.2006, No. 110950/25.08.2006, No. 110949/25.08.2006, No.
110948/25.08.2006, No. 110947/25.08.2006, No. 110946/25.08.2006, No.
110945/25.08.2006, No. 110944/25.08.2006, No. 110943/25.08.2006, No.
110942/25.08.2006, No. 110941/25.08.2006, No. 110940/25.08.2006, No.
110938/25.08.2006, No. 110937/25.08.2006, No. 110936/25.08.2006, No.
110935/25.08.2006, No. 110934/25.08.2006, No. 110929/25.08.2006, No.
110928/25.08.2006, No. 110927/25.08.2006, No. 110926/25.08.2006, No.
110925/25.08.2006 and No., No. 110924/25.08.2006 and No., No. 110922/25.08.2006,
No. 110921/25.08.2006, No. 110920/25.08.2006, No. 110724/25.08.2006, No.
110723/25.08.2006, No. 110722/25.08.2006, No. 110721/25.08.2006, No.
110719/25.08.2006, No. 110718/25.08.2006, No. 110889/25.08.2006, No.
110888/25.08.2006, No. 110886/25.08.2006, No. 110887/25.08.2006, No.
110885/25.08.2006, No. 110882/25.08.2006, No. 110901/25.08.2006, No.
110900/25.08.2006, No. 110899/25.08.2006, No. 110896/25.08.2006, No.
110895/25.08.2006 and No. 165164/07.09.2006, No. 110894/25.08.2006 and No.
165165/07.09.2006, No. 110893/25.08.2006 and No. 165166/07.09.2006, No.
110892/25.08.2006 and No. 165167/07.09.2006, No. 110891/25.08.2006 and No.
165168/07.09.2006, No. 110890/25.08.2006 and No. 165169/07.09.2006, No.
111829/25.08.2006, No. 111828/25.08.2006, No. 111827/25.08.2006., No.
111824/25.08.2006., No. 111823/25.08.2006, No. 111822/25.08.2006., No.
111821/25.08.2006., No. 111820/25.08.2006., No. 111819/25.08.2006, No.

111818/25.08.2006, No. 111817/25.08.2006, No. 111816/25.08.2006, No.
111815/25.08.2006, No. 111814/25.08.2006, No. 111813/25.08.2006, No.
111812/25.08.2006, No. 111811/25.08.2006, No. 111810/25.08.2006, No.
111809/25.08.2006, No. 111808/25.08.2006, No. 111807/25.08.2006, No.
111806/25.08.2006, No. 111805/25.08.2006, No. 111868/25.08.2006, No.
111869/25.08.2006, No. 111870/25.08.2006, No. 111871/25.08.2006, No.
111872/25.08.2006, No. 111873/25.08.2006, No. 111874/25.08.2006, No.
111875/25.08.2006, No. 111876/25.08.2006, No. 111877/25.08.2006, No.
111878/25.08.2006, No. 111879/25.08.2006, No. 111880/25.08.2006, No.
111881/25.08.2006, No. 111882/25.08.2006, No. 111883/25.08.2006, No.
111884/25.08.2006, No. 111885/25.08.2006, No. 111886/25.08.2006, No.
111887/25.08.2006, No. 111826/12.09.2006, No. 111825/25.08.2006, No.
111888/25.08.2006, No. 111889/25.08.2006, No. 111890/25.08.2006, No.
111891/25.08.2006, No. 111892/25.08.2006, No. 111799/25.08.2006, No.
111800/25.08.2006, No. 111801/25.08.2006, No. 111802/25.08.2006, No.
111803/25.08.2006, No. 111804/25.08.2006, No. 111780/25.08.2006, No.
111769/25.08.2006, No. 111770/25.08.2006, No. 111767/25.08.2006, No.
111768/25.08.2006, No. 111764/25.08.2006, No. 112200/25.08.2006, No.
110869/25.08.2006, No. 110866/25.08.2006, No. 110867/25.08.2006, No.
110868/25.08.2006, No. 112921/25.08.2006, No. 112922/25.08.2006, No.
112923/25.08.2006, No. 112924/25.08.2006, No. 112917/25.08.2006, No.
112918/25.08.2006, No. 112912/25.08.2006, No. 112913/25.08.2006, No.
112914/25.08.2006, No. 112915/25.08.2006, No. 112901/25.08.2006, No.
112902/25.08.2006, No. 112903/25.08.2006, No. 112888/25.08.2006, No.
112889/25.08.2006, No. 111893/25.08.2006, No. 111894/25.08.2006, No.
111895/25.08.2006, No. 111896/25.08.2006, No. 111897/25.08.2006, No.
111898/25.08.2006, No. 111899/25.08.2006, No. 111900/25.08.2006, No.
111901/25.08.2006, No. 111902/25.08.2006, No. 111903/25.08.2006, No.
111904/25.08.2006, No. 111905/25.08.2006, No. 111906/25.08.2006, No.
111907/25.08.2006, No. 111908/25.08.2006, No. 111909/25.08.2006, No.
111910/25.08.2006, No. 111911/25.08.2006, No. 111912/25.08.2006, No.
111913/25.08.2006, No. 111914/25.08.2006, No. 111915/25.08.2006, No.
111916/25.08.2006, No. 111917/25.08.2006, No. 111918/25.08.2006, No.
111919/25.08.2006, No. 111920/25.08.2006, No. 111921/25.08.2006, No.
111922/25.08.2006, No. 111923/25.08.2006, No. 111924/25.08.2006, No.
111925/25.08.2006, No. 111926/25.08.2006, No. 111927/25.08.2006, No.
111928/25.08.2006, No. 111929/25.08.2006, No. 111930/25.08.2006, No.
111931/25.08.2006, No. 111932/25.08.2006, No. 111933/25.08.2006, No.
111934/25.08.2006, No. 111935/25.08.2006, No. 111936/25.08.2006, No.
111937/25.08.2006, No. 111938/25.08.2006, No. 111939/25.08.2006, No.
111940/25.08.2006, No. 111941/25.08.2006, No. 111942/25.08.2006, No.
111943/25.08.2006, No. 111944/25.08.2006, No. 111945/25.08.2006, No.
111946/25.08.2006, No. 111947/25.08.2006, No. 111948/25.08.2006, No.
111949/25.08.2006, No. 111950/25.08.2006, No. 111951/25.08.2006, No.
111952/25.08.2006 and No. 165774/13.09.2006, No. 111953/25.08.2006, No.
111954/25.08.2006, No. 111955/25.08.2006, No. 111956/25.08.2006, No.
111957/25.08.2006, No. 111958/25.08.2006, No. 111959/25.08.2006, No.
111960/25.08.2006, No. 111961/25.08.2006, No. 111962/25.08.2006, No.
111963/25.08.2006, No. 111964/25.08.2006, No. 111965/25.08.2006, No.
111966/25.08.2006, No. 111967/25.08.2006, No. 11196825.08.2006, No.
11196925.08.2006, No. 111970/25.08.200613.09.2006, No. 111971/25.08.2006 and
No. 111958/25.08.2006, No. 111972/25.08.2006, No. 111973/25.08.2006 and No.
165795/13.09.2006, No. 111974/25.08.2006, No. 111975/25.08.2006, No.
111976/25.08.2006, No. 111977/25.08.2006, No. 111978/25.08.2006, No.
111979/25.08.2006, No. 111981/25.08.2006, No. 111981/BIS25.08.2006, No.
111982/25.08.2006, No. 111983/25.08.2006, No. 111984/25.08.2006, No.
111985/25.08.2006, No. 111986/25.08.2006, No. 111987/25.08.2006, No.
111988/25.08.2006, No. 111989/25.08.2006, No. 111990/25.08.2006, No.
111991/25.08.2006, No. 111992/25.08.2006, No. 111993/25.08.2006, No.

111994/25.08.2006, No. 111995/25.08.2006, No. 111996/25.08.2006, No.
111997/25.08.2006, No. 111998/25.08.2006, No. 111999/25.08.2006, No.
112000/25.08.2006, No. 112001/25.08.2006, No. 112002/25.08.2006, No.
112003/25.08.2006, No. 112004/25.08.2006, No. 112005/25.08.2006, No.
112006/25.08.2006, No. 112007/25.08.2006, No. 112008/25.08.2006, No.
112009/25.08.2006, No. 112010/25.08.2006, No. 112011/25.08.2006, No.
112012/25.08.2006, No. 112013/25.08.2006, No. 112014/25.08.2006, No.
112015/25.08.2006, No. 112016/25.08.2006, No. 112134/25.08.2006, No.
112133/25.08.2006, No. 112132/25.08.2006, No. 112131/25.08.2006, No.
111862/25.08.2006, No. 111729/25.08.2006, No. 111730/25.08.2006, No.
111731/25.08.2006, No. 111732/25.08.2006, No. 111733/25.08.2006, No.
111734/25.08.2006, No. 111735/25.08.2006, No. 111736/25.08.2006, No.
111737/25.08.2006, No. 111738/25.08.2006, No. 111739/25.08.2006, No.
111740/25.08.2006, No. 111741/25.08.2006, No. 111742/25.08.2006, No.
111743/25.08.2006, No. 111744/25.08.2006, No. 111745/25.08.2006, No.
111746/25.08.2006, No. 111747/25.08.2006, No. 111748/25.08.2006, No.
111749/25.08.2006, No. 111750/25.08.2006, No. 111751/25.08.2006, No.
111752/25.08.2006, No. 111753/25.08.2006, No. 111754/25.08.2006, No.
111755/25.08.2006, No. 111756/25.08.2006, No. 111459/25.08.2006, No.
111460/25.08.2006, No. 111461/25.08.2006, No. 111462/25.08.2006, No.
111463/25.08.2006, No. 111464/25.08.2006, No. 111465/25.08.2006, No.
111466/25.08.2006, No. 111467/25.08.2006, No. 111468/25.08.2006, No.
111469/25.08.2006, No. 111470/25.08.2006, No. 111471/25.08.2006, No.
111472/25.08.2006, No. 111473/25.08.2006, No. 111474/25.08.2006, No.
111475/25.08.2006, No. 111476/25.08.2006, No. 111477/25.08.2006, No.
111478/25.08.2006, No. 111479/25.08.2006, No. 111480/25.08.2006, No.
111481/25.08.2006, No. 111482/25.08.2006, No. 111483/25.08.2006, No.
111484/25.08.2006, No. 111485/25.08.2006, No. 111486/25.08.2006, No.
111487/25.08.2006, No. 111488/25.08.2006, No. 111489/25.08.2006, No.
111490/25.08.2006, No. 111861/25.08.2006, No. 111860/25.08.2006, No.
111859/25.08.2006, No. 111858/25.08.2006, No. 111856/25.08.2006, No.
111855/25.08.2006, No. 111854/25.08.2006, No. 111853/25.08.2006, No.
111852/25.08.2006, No. 111851/25.08.2006, No. 111850/25.08.2006, No.
111849/25.08.2006, No. 111848/25.08.2006, No. 111847/25.08.2006, No.
111846/25.08.2006, No. 111845/25.08.2006, No. 111844/25.08.2006, No.
111843/25.08.2006, No. 111842/25.08.2006, No. 111841/25.08.2006 and No.
165557/12.09.2006, No. 111840/25.08.2006, No. 111839/25.08.2006, No.
111838/25.08.2006, No. 111837/25.08.2006, No. 111835/25.08.2006, No.
111835/BIS25.08.2006, No. 111834/25.08.2006, No. 111833/25.08.2006, No.
111832/25.08.2006, No. 111831/25.08.2006, No. 111830/25.08.2006, No.
111491/25.08.2006, No. 111492/25.08.2006, No. 111493/25.08.2006, No.
111494/25.08.2006, No. 111495/25.08.2006, No. 111496/25.08.2006, No.
111497/25.08.2006, No. 111498/25.08.2006, No. 111499/25.08.2006, No.
111500/25.08.2006, No. 111501/25.08.2006, No. 111502/25.08.2006, No.
111503/25.08.2006, No. 111504/25.08.2006, No. 111505/25.08.2006, No.
111506/25.08.2006, No. 111507/25.08.2006, No. 111508/25.08.2006, No.
111509/25.08.2006, No. 111510/25.08.2006, No. 111511/25.08.2006, No.
111512/25.08.2006, No. 111513/25.08.2006, No. 111514/25.08.2006, No.
111515/25.08.2006, No. 111516/25.08.2006, No. 111517/25.08.2006, No.
111518/25.08.2006, No. 111519/25.08.2006, No. 111520/25.08.2006, No.
112947/25.08.2006, No. 112946/25.08.2006, No. 112941/25.08.2006, No.
112940/25.08.2006, No. 112939/25.08.2006, No. 112938/25.08.2006, No.
112938/25.08.2006, No. 112936/25.08.2006, No. 112935/25.08.2006, No.
112934/25.08.2006, No. 112933/25.08.2006, No. 112932/25.08.2006, No.
112931/25.08.2006, No. 112930/25.08.2006, No. 113009/25.08.2006, No.
113008/25.08.2006, No. 113002/25.08.2006, No. 113001/25.08.2006, No.
112103/25.08.2006, No. 112104/25.08.2006, No. 112105/25.08.2006, No.
112106/25.08.2006, No. 112107/25.08.2006, No. 112031/25.08.2006, No.
112032/25.08.2006, No. 112033/25.08.2006, No. 112034/25.08.2006, No.

112035/25.08.2006, No. 112036/25.08.2006, No. 111521/25.08.2006, No.
111522/25.08.2006, No. 111524/25.08.2006, No. 111525/25.08.2006, No.
111526/25.08.2006, No. 111527/25.08.2006, No. 111528/25.08.2006, No.
111529/25.08.2006, No. 111530/25.08.2006, No. 11153/BIS25.08.2006, No.
111531/25.08.2006, No. 111532/25.08.2006, No. 111533/25.08.2006, No.
111534/25.08.2006, No. 111535/25.08.2006, No. 111536/25.08.2006, No.
111537/25.08.2006, No. 111538/25.08.2006, No. 111539/25.08.2006, No.
111540/25.08.2006, No. 111541/25.08.2006, No. 111542/25.08.2006, No.
111548/25.08.2006, No. 111547/25.08.2006 and No. 166047, No. 111546/25.08.2006,
No. 111545/25.08.2006 and No. 166049/13.09.2006, No. 111544/25.08.2006, No.
111543/25.08.2006, No. 111549/25.08.2006, No. 111550/25.08.2006, No.
112037/25.08.2006, No. 112038/25.08.2006, No. 112039/25.08.2006, No.
112040/25.08.2006, No. 112041/25.08.2006, No. 112042/25.08.2006, No.
112043/25.08.2006, No. 112047/25.08.2006, No. 112048/25.08.2006, No.
112049/25.08.2006, No. 112050/25.08.2006, No. 112051/25.08.2006, No.
112052/25.08.2006, No. 112053/25.08.2006, No. 112055/25.08.2006, No.
112054/25.08.2006, No. 112056/25.08.2006, No. 112057/25.08.2006, No.
112058/25.08.2006, No. 112059/25.08.2006, No. 112060/25.08.2006, No.
112061/25.08.2006, No. 112062/25.08.2006, No. 112063/25.08.2006, No.
112064/25.08.2006, No. 112065/25.08.2006, No. 112102/25.08.2006, No.
112101/25.08.2006, No. 112100/25.08.2006, No. 113010/25.08.2006, No.
112099/25.08.2006, No. 112098/25.08.2006, No. 112097/25.08.2006, No.
112992/25.08.2006, No. 112096/25.08.2006, No. 112095/25.08.2006, No.
112978/25.08.2006, No. 112099/25.08.2006, No. 113007/25.08.2006, No.
113006/25.08.2006, No. 112094/25.08.2006, No. 111562/25.08.2006, No.
111563/25.08.2006, No. 111564/25.08.2006, No. 111565/25.08.2006, No.
111566/25.08.2006, No. 111567/25.08.2006, No. 111568/25.08.2006, No.
111569/25.08.2006, No. 111570/25.08.2006, No. 111571/25.08.2006, No.
111572/25.08.2006, No. 111573/25.08.2006, No. 111574/25.08.2006, No.
111575/25.08.2006, No. 111576/25.08.2006, No. 111577/25.08.2006, No.
111578/25.08.2006, No. 111579/25.08.2006, No. 111580/25.08.2006, No.
112075/25.08.2006, No. 112074/BIS25.08.2006, No. 112074/25.08.2006, No.
112073/25.08.2006, No. 112072/25.08.2006, No. 112071/25.08.2006, No.
112070/25.08.2006, No. 112069/25.08.2006, No. 112068/25.08.2006, No.
112067/25.08.2006, No. 112066/25.08.2006, No. 113011/25.08.2006, No.
111610/25.08.2006, No. 112109/25.08.2006, No. 112111/25.08.2006, No.
112112/25.08.2006, No. 112117/25.08.2006, No. 112115/25.08.2006, No.
112116/25.08.2006, No. 112114/25.08.2006, No. 112118/25.08.2006, No.
112120/25.08.2006, No. 111611/25.08.2006, No. 111612/25.08.2006, No.
111613/25.08.2006, No. 111614/25.08.2006, No. 111615/25.08.2006, No.
111616/25.08.2006, No. 1116116/25.08.2006, No. 111581/25.08.2006, No.
111582/25.08.2006, No. 111583/25.08.2006, No. 111584/25.08.2006, No.
111585/25.08.2006, No. 111586/25.08.2006, No. 111587/25.08.2006, No.
111588/25.08.2006, No. 111589/25.08.2006, No. 111590/25.08.2006, No.
111591/25.08.2006, No. 111592/25.08.2006, No. 111593/25.08.2006, No.
111594/25.08.2006, No. 111595/25.08.2006, No. 111596/25.08.2006, No.
111597/25.08.2006, No. 111598/25.08.2006, No. 111599/25.08.2006, No.
111599/25.08.2006, No. 111600/25.08.2006, No. 111601/25.08.2006, No.
111603/25.08.2006, No. 111605/25.08.2006, No. 111605/BIS25.08.2006, No.
111606/25.08.2006, No. 111607/25.08.2006, No. 111608/25.08.2006, No.
113013/25.08.2006, No. 113015/25.08.2006, No. 113016/25.08.2006, No.
113019/25.08.2006, No. 113020/25.08.2006, No. 113021/25.08.2006, No.
113023/25.08.2006, No. 113024/25.08.2006, No. 113025/25.08.2006, No.
113026/25.08.2006, No. 113027/25.08.2006, No. 113032/25.08.2006, No.
113031/25.08.2006, No. 113030/25.08.2006, No. 113029/25.08.2006, No.
113028/25.08.2006, No. 113027/25.08.2006, No. 113036/25.08.2006, No.
113035/25.08.2006, No. 113034/25.08.2006, No. 113033/25.08.2006, No.
113042/25.08.2006, No. 113041/25.08.2006, No. 113040/25.08.2006, No.
113039/25.08.2006, No. 113038/25.08.2006, No. 113047/25.08.2006, No.

113046/25.08.2006, No. 113045/25.08.2006, No. 113044/25.08.2006, No.
113043/25.08.2006, No. 113018/25.08.2006, No. 113017/25.08.2006, No.
113051/25.08.2006, No. 113050/25.08.2006, No. 113022/25.08.2006, No.
113049/25.08.2006, No. 113048/25.08.2006, No. 113052/25.08.2006, No.
113053/25.08.2006, No. 113054/25.08.2006, No. 113055/25.08.2006, No.
113056/25.08.2006, No. 113057/25.08.2006, No. 113058/25.08.2006, No.
113059/25.08.2006, No. 112108B/25.08.2006, No. 113061/25.08.2006, No.
113062/25.08.2006, No. 113063/25.08.2006, No. 113066/25.08.2006, No.
113067/25.08.2006, No. 113060/25.08.2006, No. 113064/25.08.2006, No.
113065/25.08.2006, No. 113069/25.08.2006, No. 113068/25.08.2006, No.
113070/25.08.2006, No. 113071/25.08.2006, No. 113072/25.08.2006, No.
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114199/25.08.2006, No. 114198/25.08.2006, No. 114197/25.08.2006, No.
114196/25.08.2006, No. 114195/25.08.2006, No. 114194/25.08.2006, No.
114193/25.08.2006, No. 114192/25.08.2006, No. 114191/25.08.2006, No.
114190/25.08.2006, No. 114189/25.08.2006, No. 114188/25.08.2006, No.
114187/25.08.2006, No. 114186/25.08.2006, No. 114185/25.08.2006, No.
114184/25.08.2006, No. 114183/25.08.2006, No. 114182/25.08.2006, No.
114181/25.08.2006, No. 114180/25.08.2006, No. 114179/25.08.2006, No.
114178/25.08.2006, No. 114177/25.08.2006, No. 114176/25.08.2006, No.
114175/25.08.2006, No. 114174/25.08.2006, No. 114173/25.08.2006, No.
114172/25.08.2006, No. 114171/25.08.2006, No. 114170/25.08.2006, No.
114169/25.08.2006, No. 114168/25.08.2006, No. 114167/25.08.2006, No.
114166/25.08.2006, No. 114165/25.08.2006, No. 114164/25.08.2006, No.
114163/25.08.2006, No. 114162/25.08.2006, No. 114161/25.08.2006, No.
114160/25.08.2006, No. 114159/25.08.2006, No. 114158/25.08.2006, No.
114157/25.08.2006, No. 114156/25.08.2006, No. 114155/25.08.2006, No.
114154/25.08.2006, No. 114153/25.08.2006, No. 114152/25.08.2006, No.
114151/25.08.2006, No. 114150/25.08.2006, No. 114149/25.08.2006, No.
114148/25.08.2006, No. 114147/25.08.2006, No. 114146/25.08.2006, No.
114145/25.08.2006, No. 114144/25.08.2006, No. 114143/25.08.2006, No.
114142/25.08.2006, No. 114141/25.08.2006, No. 114140/25.08.2006, No.
114139/25.08.2006, No. 114138/25.08.2006, No. 114137/25.08.2006, No.
114136/25.08.2006, No. 114135/25.08.2006, No. 114134/25.08.2006, No.
114133/25.08.2006, No. 114132/25.08.2006, No. 114131/25.08.2006, No.
114130/25.08.2006, No. 114129/25.08.2006, No. 114128/25.08.2006, No.
114127/25.08.2006, No. 114126/25.08.2006, No. 114125/25.08.2006, No.
114124/25.08.2006, No. 114123/25.08.2006, No. 114122/25.08.2006, No.
114121/25.08.2006, No. 114507/25.08.2006, No. 114508/25.08.2006, No.
114509/25.08.2006, No. 114510/25.08.2006, No. 114511/25.08.2006, No.
114512/25.08.2006, No. 114513/25.08.2006, No. 114514/25.08.2006, No.
114515/25.08.2006, No. 114516/25.08.2006, No. 114517/25.08.2006, No.
114518/25.08.2006, No. 114519/25.08.2006, No. 114520/25.08.2006, No.
114521/25.08.2006, No. 114522/25.08.2006, No. 114523/25.08.2006, No.
114524/25.08.2006, No. 114525/25.08.2006, No. 114526/25.08.2006, No.
114527/25.08.2006, No. 114528/25.08.2006, No. 114529/25.08.2006, No.
114530/25.08.2006, No. 114531/25.08.2006, No. 114532/25.08.2006, No.
114533/25.08.2006, No. 114534/25.08.2006, No. 114535/25.08.2006, No.
114536/25.08.2006, No. 114537/25.08.2006, No. 114538/25.08.2006, No.
114539/25.08.2006, No. 114540/25.08.2006, No. 114541/25.08.2006, No.
114542/25.08.2006, No. 114543/25.08.2006, No. 114544/25.08.2006, No.
114545/25.08.2006, No. 114546/25.08.2006, No. 114547/25.08.2006, No.
114548/25.08.2006, No. 114549/25.08.2006, No. 114550/25.08.2006, No.
114551/25.08.2006, No. 114552/25.08.2006, No. 114553/25.08.2006, No.
114554/25.08.2006, No. 114555/25.08.2006, No. 114556/25.08.2006, No.
114557/25.08.2006, No. 114558/25.08.2006, No. 114559/25.08.2006, No.
114560/25.08.2006, No. 114561/25.08.2006, No. 114562/25.08.2006, No.
114563/25.08.2006, No. 111349/25.08.2006, No. 112342/25.08.2006, No.
112340/25.08.2006, No. 112341/25.08.2006, No. 112343/25.08.2006, No.
112344/25.08.2006, No. 112345/25.08.2006, No. 112346/25.08.2006, No.
112347/25.08.2006, No. 112348/25.08.2006, No. 112349/25.08.2006, No.
111409/25.08.2006, No. 111457/25.08.2006, No. 114675/25.08.2006, No.
114676/25.08.2006, No. 114677/25.08.2006, No. 114678/25.08.2006, No.
114679/25.08.2006, No. 114680/25.08.2006, No. 114564/25.08.2006, No.
114565/25.08.2006, No. 114566/25.08.2006, No. 114567/25.08.2006, No.
114568/25.08.2006, No. 114569/25.08.2006, No. 114570/25.08.2006, No.
114571/25.08.2006, No. 114572/25.08.2006, No. 114573/25.08.2006, No.
114574/25.08.2006, No. 114575/25.08.2006, No. 114576/25.08.2006, No.

114577/25.08.2006, No. 114578/25.08.2006, No. 114579/25.08.2006, No.
114580/25.08.2006, No. 111437/25.08.2006, No. 111438/25.08.2006, No.
111439/25.08.2006, No. 111440/25.08.2006, No. 111441/25.08.2006, No.
111442/25.08.2006, No. 111443/25.08.2006, No. 111444/25.08.2006, No.
111445/25.08.2006, No. 111446/25.08.2006, No. 111420/25.08.2006, No.
111420/25.08.2006, No. 111420/25.08.2006, No. 111420/25.08.2006, No.
111420/25.08.2006, No. 111414/25.08.2006, No. 111285/25.08.2006, No.
111284/25.08.2006, No. 111283/25.08.2006, No. 111282/25.08.2006, No.
111281/25.08.2006, No. 111280/25.08.2006, No. 111279/25.08.2006, No.
111278/25.08.2006, No. 111277/25.08.2006, No. 111276/25.08.2006, No.
111275/25.08.2006, No. 111274/25.08.2006, No. 111273/25.08.2006, No.
111272/25.08.2006, No. 111271/25.08.2006, No. 111270/25.08.2006, No.
111269/25.08.2006, No. 111268/25.08.2006, No. 111267/25.08.2006, No.
111266/25.08.2006, No. 113121/25.08.2006, No. 113122/25.08.2006, No.
111265/25.08.2006, No. 111264/25.08.2006, No. 111263/25.08.2006, No.
111262/25.08.2006, No. 111261/25.08.2006, No. 114681/25.08.2006, No.
114682/25.08.2006, No. 114683/25.08.2006, No. 114684/25.08.2006, No.
114685/25.08.2006, No. 114686/25.08.2006, No. 114687/25.08.2006, No.
114689/25.08.2006, No. 114690/25.08.2006, No. 112886/25.08.2006, No.
112885/25.08.2006, No. 111760/25.08.2006, No. 112884/25.08.2006, No.
113119/25.08.2006, No. 113120/25.08.2006, No. 113458/25.08.2006, No.
113459/25.08.2006, No. 167327/25.08.2006, No. 112353/25.08.2006, No.
111144/25.08.2006, No. 111143/25.08.2006, No. 111142/25.08.2006, No.
111141/25.08.2006, No. 112352/25.08.2006, No. 112351/25.08.2006, No.
112350/25.08.2006, No. 111797/25.08.2006, No. 111796/25.08.2006, No.
111795/25.08.2006, No. 111794/25.08.2006, No. 111793/25.08.2006, No.
111792/25.08.2006, No. 111791/25.08.2006, No. 111790/25.08.2006, No.
111789/25.08.2006, No. 111788/25.08.2006, No. 111787/25.08.2006, No.
111785/25.08.2006, No. 111782/25.08.2006, No. 111781/25.08.2006, No.
111779/25.08.2006, No. 111778/25.08.2006, No. 111775/25.08.2006, No.
111773/25.08.2006, No. 111772/25.08.2006, No. 111771/25.08.2006, No.
111766/25.08.2006, No. 111451/25.08.2006, No. 111452/25.08.2006, No.
111453/25.08.2006, No. 111454/25.08.2006, No. 111455/25.08.2006, No.
111456/25.08.2006, No. 111458/25.08.2006, No. 111067/25.08.2006, No.
111069BIS/25.08.2006, No. 111069/25.08.2006, No. 111071/25.08.2006, No.
111072/25.08.2006, No. 111076/25.08.2006, No. 111260/25.08.2006, No.
111259/25.08.2006, No. 111258/25.08.2006, No. 111257/25.08.2006, No.
111256/25.08.2006, No. 111255/25.08.2006, No. 111254/25.08.2006, No.
111253/25.08.2006, No. 111252/25.08.2006, No. 111251/25.08.2006, No.
111250/25.08.2006, No. 111249/25.08.2006, No. 111248/25.08.2006, No.
111247/25.08.2006, No. 111246/25.08.2006, No. 111245/25.08.2006, No.
111244/25.08.2006, No. 111243/25.08.2006, No. 111242/25.08.2006, No.
111241/25.08.2006, No. 111240/25.08.2006, No. 111239/25.08.2006, No.
111237/25.08.2006, No. 111236/25.08.2006, No. 111235/25.08.2006, No.
111234/25.08.2006, No. 111233/25.08.2006, No. 111232/25.08.2006, No.
111231/25.08.2006, No. 111230/25.08.2006, No. 111229/25.08.2006, No.
111228/25.08.2006, No. 111227/25.08.2006, No. 111226/25.08.2006, No.
111225/25.08.2006, No. 111224/25.08.2006, No. 111223/25.08.2006, No.
111222/25.08.2006, No. 111221/25.08.2006, No. 111220/25.08.2006, No.
111219/25.08.2006, No. 111218/25.08.2006, No. 111217/25.08.2006, No.
111216/25.08.2006, No. 111215/25.08.2006, No. 111214/25.08.2006, No.
111213/25.08.2006, No. 111212/25.08.2006, No. 111211/25.08.2006, No.
111210/25.08.2006, No. 111209/25.08.2006, No. 111208/25.08.2006, No.
111207/25.08.2006, No. 111206/25.08.2006, No. 111205/25.08.2006, No.
111204/25.08.2006, No. 111203/25.08.2006, No. 111202/25.08.2006, No.
111201/25.08.2006, No. 111200/25.08.2006, No. 111199/25.08.2006, No.
111198/25.08.2006, No. 111197/25.08.2006, No. 1111996/25.08.2006, No.
111195/25.08.2006, No. 111238/25.08.2006, No. 111194/25.08.2006, No.
111165/25.08.2006, No. 111134/25.08.2006, No. 111138/25.08.2006, No.

111139/25.08.2006, No. 111140/25.08.2006, No. 111122/25.08.2006, No.
111119/25.08.2006, No. 111117/25.08.2006, No. 111116/25.08.2006, No.
111148/25.08.2006, No. 111090/25.08.2006, No. 111101/25.08.2006, No.
111100/25.08.2006, No. 111099/25.08.2006, No. 111098/25.08.2006, No.
111097/25.08.2006, No. 111095/25.08.2006, No. 111094/25.08.2006, No.
111133/25.08.2006, No. 111132/25.08.2006, No. 111131/25.08.2006, No.
111348/25.08.2006, No. 111074/25.08.2006, No. 111078/25.08.2006, No.
111079/25.08.2006, No. 111080/25.08.2006, No. 111081/25.08.2006, No.
111765/25.08.2006, No. 112172/25.08.2006, No. 112169/25.08.2006, No.
112170/25.08.2006, No. 112925/25.08.2006, No. 112926/25.08.2006, No.
111783/25.08.2006, No. 112927/25.08.2006, No. 112928/25.08.2006, No.
112919/25.08.2006, No. 112907/25.08.2006, No. 112908/25.08.2006, No.
112909/25.08.2006, No. 112905/25.08.2006, No. 112896/25.08.2006, No.
112897/25.08.2006, No. 112898/25.08.2006, No. 112899/25.08.2006, No.
112900/25.08.2006, No. 112895/25.08.2006, No. 111347/25.08.2006, No.
111346/25.08.2006, No. 111345/25.08.2006, No. 111344/25.08.2006, No.
111342/25.08.2006, No. 111107/25.08.2006, No. 111106/25.08.2006, No.
111353/25.08.2006, No. 114726/31.08.2006, No. 114727/31.08.2006, No.
114731/31.08.2006, No. 114736/15.09.2006, No. 114274/28.08.2006, No.
114717/28.08.2006, No. 114723/31.08.2006, No. 114275/28.08.2006, No.
114278/28.08.2006, No. 114277/28.08.2006, No. 114276/28.08.2006, No.
109583/18.08.2006, No. 112960/25.08.2006, No. 112959/25.08.2006, No.
112943/25.08.2006, No. 112945/25.08.2006, No. 115103/13.10.2006, No.
116056/11.12.2006, No. 169324/06.11.2006, No. 169323/06.11.2006, No.
169322/06.11.2006, No. 169321/06.11.2006, No. 114373/169078/10.10.2006, No.
114903/05.10.2006
RMGC internal unique code

Proposal

MMGA_1052

The EIA report does not refer to the impact on the listed heritage buildings of noise and vibrations caused
by the mining operations;
SEE CONTENT CONTESTATION TYPE 1
This statement is ungrounded, because the environmental impact assessment (EIA) process has included
preliminary cumulative estimates for stationary motorized equipment and linear (vehicular) sources were
prepared in order to provide an initial understanding of the potential cumulative noise and vibration
impacts from background and Roşia Montană Project sources, and to guide future monitoring and
measurement activities as well as the selection of appropriate Best Management Practices/Best Available
Techniques for further mitigation of the potential noise and vibration impacts from Project activities.
These preliminary estimates apply to major construction activities, as well as the operation and
decommissioning/closure of the mine and process plant. They are documented as data tables and isopleth
maps for major noise-generating activities in selected, representative Project years; see Tables 4.3.8
through 4.3.16 and Exhibits 4.3.1 through 4.3.9. All these details related to the applied assessment
methodology, the input data of the dispersion model, the modeling results and the measures established
for the prevention/mitigation/elimination of the potential impact for all project stages (construction,
operation, closure) are included in Chapter 4, Section 4.3 Noise and Vibrations of the EIA Report.

Solution
Project Years 0, 9, 10, 12, 14, and 19 were selected for modeling because they are considered to be
representative of the most significant levels of noise-generating activity. They are also the same years used
for air impact modeling purposes in Section 4.2, as air and noise impacts share many of the same sources
or are otherwise closely correlated. In order to more accurately reflect potential receptor impacts, all of
these exhibits integrate the background traffic estimates discussed in Section 4.3.6.1.
The Project site plan and process plant area and facility drawings were used to establish the position of the
noise sources and other relevant physical characteristics of the site. Receptor locations were established
using background reports and project engineering and environmental documentation provided by RMGC.
With this information, the source locations and receptor locations were translated into input (x, y, and z)
co-ordinates for the noise-modeling program.
Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through 4.3.9 present the average maximum noise

values likely to be experienced by the receptor community over all Project phases after incorporation of a
variety of initial mitigation measures designed specifically to reduce the impacts associated with mobile
and stationary machinery sources. The influence of non-mining related background (primarily traffic)
noise is also included.
To evaluate the sound levels associated with haul trucks and other mobile sources crossing the site
carrying excavated ore, waste rock, and soil, a noise analysis program based on the (U.S.) Federal Highway
Administration's (FHWA) standard RD-77-108 [1] model was used to calculate reference noise emissions
values for heavy trucks along the project roadways. The FHWA model predicts hourly Leq values for freeflowing traffic conditions and is generally considered to be accurate within 1.5 decibels (dB).
The model is based on the standardized noise emission factors for different types and weights of vehicles
(e.g., automobiles, medium trucks, and heavy trucks), with consideration given to vehicle volume, speed,
roadway configuration, distance to the receiver, and the acoustical characteristics of the site. The emission
levels of all three vehicle types increase as a function of the logarithm of their speed.
To evaluate the sound sources from the proposed mine processing facility and the semi-stationary
material handling equipment (at the ore extraction, waste rock and soil stockpiling areas), a proprietary
computerized noise prediction program was used by AAC to simulate and model the future equipment
noise emissions throughout the area. The modeling program uses industry-accepted propagation
algorithms based on the following American National Standards Institute (ANSI) and International
Organization for Standardization (ISO) standards:

ANSI S1.26-1995 (R2004), Method for the Calculation of the Absorption of Sound by the
Atmosphere;

ISO 9613-1:1993, Acoustics -- Attenuation of sound during propagation outdoors-- Part 1:
Calculation of the absorption of sound by the atmosphere;

ISO 9613-2:1996, Acoustics -- Attenuation of sound during propagation outdoors -- Part 2: General
method of calculation;

ISO 3891:1978, Acoustics -- Procedure for describing aircraft noise heard on the ground.
The calculations account for classical sound wave divergence (i.e., spherical spreading loss with
adjustments for source directivity from point sources) plus attenuation factors due to air absorption,
minimal ground effects, and barriers/shielding.
This model has been validated by AAC over a number of years via noise measurements at several operating
industrial sites that had been previously modeled during the engineering design phases. The comparison
of modeled predictions versus actual measurements has consistently shown close agreement; typically in
the range of 1 to 3 dB (A).
References:
[1] FHWA Highway Traffic Noise Prediction Model; see Federal Highway Administration Report Number
FHWA-RD-77-108, USA, Washington, D.C., 1978.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project.

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
2984

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

No. 111777/25.08.2006

RMGC internal unique code

MMGA_1271

Proposal

The way and time period in which the noises and vibrations will be reduced are not specified
The environmental impact assessment (EIA) process has included preliminary cumulative estimates for
stationary motorized equipment and linear (vehicular) sources were prepared in order to provide an initial
understanding of the potential cumulative noise and vibration impacts from background and Roşia
Montană Project sources, and to guide future monitoring and measurement activities as well as the
selection of appropriate Best Management Practices/Best Available Techniques for further mitigation of
the potential noise and vibration impacts from Project activities. These preliminary estimates apply to
major construction activities, as well as the operation and decommissioning/closure of the mine and
process plant. They are documented as data tables and isopleth maps for major noise-generating activities
in selected, representative Project years; see Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through 4.3.9.
All these details related to the applied assessment methodology, the input data of the dispersion model,
the modeling results and the measures established for the prevention/mitigation/elimination of the
potential impact for all project stages (construction, operation, closure) are included in Chapter 4, Section
4.3 Noise and Vibrations of the EIA Report.
Project Years 0, 9, 10, 12, 14, and 19 were selected for modeling because they are considered to be
representative of the most significant levels of noise-generating activity. They are also the same years used
for air impact modeling purposes in Section 4.2, as air and noise impacts share many of the same sources
or are otherwise closely correlated. In order to more accurately reflect potential receptor impacts, all of
these exhibits integrate the background traffic estimates discussed in Section 4.3.6.1.

Solution

The Project site plan and process plant area and facility drawings were used to establish the position of the
noise sources and other relevant physical characteristics of the site. Receptor locations were established
using background reports and project engineering and environmental documentation provided by RMGC.
With this information, the source locations and receptor locations were translated into input (x, y, and z)
co-ordinates for the noise-modeling program.
Tables 4.3.8 through 4.3.16 and Exhibits 4.3.1 through 4.3.9 present the average maximum noise
values likely to be experienced by the receptor community over all Project phases after incorporation of a
variety of initial mitigation measures designed specifically to reduce the impacts associated with mobile
and stationary machinery sources. The influence of non-mining related background (primarily traffic)
noise is also included.
To evaluate the sound levels associated with haul trucks and other mobile sources traversing the site
carrying excavated ore, waste rock, and topsoil, a noise analysis program based on the (U.S.) Federal
Highway Administration's (FHWA) standard RD-77-108 [1] model was used to calculate reference noise
emissions values for heavy trucks along the project roadways. The FHWA model predicts hourly Leq values
for free-flowing traffic conditions and is generally considered to be accurate within 1.5 decibels (dB).
The model is based on the standardized noise emission factors for different types and weights of vehicles
(e.g., automobiles, medium trucks, and heavy trucks), with consideration given to vehicle volume, speed,
roadway configuration, distance to the receiver, and the acoustical characteristics of the site. The emission
levels of all three vehicle types increase as a function of the logarithm of their speed.
References:

[1] FHWA Highway Traffic Noise Prediction Model; see Federal Highway Administration Report Number
FHWA-RD-77-108, USA, Washington, D.C., 1978.
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MMDD’s item no. for the question
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NOISE VIBRATIONS
2984
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No. 111777/25.08.2006

RMGC internal unique code

MMGA_1272

Proposal

It is not specified how the physical effects of the vibrations will be remedied and avoided

Mitigation Strategy
RMGC will adopt and implement a noise and vibration management strategy that is designed to minimise
the noise and vibration footprint of the Project to the extent possible through the implementation of
internationally recognized Best Available Techniques/Best Management Practices. The Roşia Montană
Project will:

•
employ currently applicable regulatory limits for noise and vibration as specific monitoring goals
or performance targets;
•
select and monitor representative sensitive receptor locations in the zones suggested by the
preliminary, intrinsically conservative modeling results documented in Exhibits 4.3.1 through 4.3.9
(and/or as established by physical surveys of sensitive structures);
•
at the selected monitoring locations, measure ambient noise levels as well as vibration frequency,
velocity, and acceleration to determine actual noise and vibration impacts; these data will provide the basis
for an ongoing noise and vibration monitoring program [see Chapter 6.2 of the Project Noise and
Vibration Management Plan (ESMS Plans, Plan E)] that will be continually adjusted to account for
changing Project characteristics, stakeholder interests, and regulatory requirements, as they may occur
over the life of the Project;

Solution

•
undertake proactive communications with local residents through public meetings and regular
individual contacts as the means of communicating blasting schedules, deliveries of SHLO equipment, or
other significant noise- or vibration-generating activities and obtain resident feedback on the effectiveness
of mitigation measures;
•
evaluate monitoring program data and apply additional Best Available Techniques (see Table
4.3.17 for a list of proven Best Available Techniques (BAT) options that may be selected from to address
specific monitored conditions) to minimize noise and vibration impacts to the extent possible, as
appropriate for the various job functions of the workforce and the location of the Project boundaries and
receptors in relation to specific sources or sets of sources;
•
•

evaluate the relative effectiveness of the BATs so applied, through continued monitoring actions;

continue to refine or update source controls, apply alternate BATs or BMPs, and/or undertake
additional corrective or preventive action in order to continually minimize or mitigate noise and vibration
impacts to the workforce and local residents for the life of the mining operation.
Table 4.3.46: Potential BAT Options or Mitigation /Minimization of Noise and Vibration

Minimization
Potential

BAT

BAT
Sources

1
.

Adjust frequency of deliveries by heavy vehicles to prevent
concentrated impacts to adjacent communities

Variable

1

2
.

Adjust construction schedules to minimize night-time activities
requiring the use of high acoustical-energy equipment (e.g.,
dozers, excavators)

Variable

1

3
.

Create noise control barriers via earthen berms or bunds, which
can be as long as required and from 10 to 20m high depending
on the topography and geometry of the source(s) and receptor(s)

5 to 20 dB(A)

1, 2, 3, 3

4
.

Acoustic treatment of dwellings in special situations,
necessary to improve habitable spaces

10 to 20 dB(A)

3, 4, 6

5
.

Fit heavy haul trucks with additional noise control systems as
necessary to achieve desired reductions; depending on dealerinstalled options for EU-certified equipment, other options may
include:
engine combustion management systems
enclosing engine bays
aerodynamic radiator fan design
noise-control louvers or baffles on radiator grille
noise-control louvers or baffles on hydraulic system cooling fans
high-performance silencers
variable backup warning systems, adjusted for ambient
conditions
chain mesh mudflap
low-noise tyre tread design
Fit excavators with noise control systems as necessary to achieve
desired reductions; depending on dealer-installed options for
EU-certified equipment, options may include:
engine combustion management systems
sound-absorbing panels within engine bays, under the
deck area, and inside the counterweigh
sound absorbing panels around the powerpacks and
hydraulic cooler house
use multiple hydrostatically-controlled units for
engine
cooling (vs. single belt-driven fan)
variable backup warning systems, adjusted for
ambient conditions
primary/secondary silencers, tuned to engine exhaust
characteristics

6
.

7
.

Fit dozers with additional noise control systems as
necessary to achieve desired reductions; depending on
dealer-installed options for EU-certified equipment, options
may include:
- engine combustion management systems
- high-performance silencers
- engine shrouding
- variable backup warning systems, adjusted for ambient
conditions
- optional tread control devices to reduce “track slap”
characteristics

- 2 to 5 dB(A)
- 5 to 10 dB(A)
- 2 to 3 dB(A)
- 2 to 3 dB(A)
- 2 to 3 dB(A)
- 5 to 10 dB(A) - variable benefits
- <3 dB(A)
- 1 to 3 dB(A)

3, 5, 6, 7, 8, 9, 7

- 2 to 5 dB(A)
- 3 to 5 dB(A)
- 5 to 10 dB(A)
- 2 to 4 dB(A)
- 1 to 3 dB(A)
- variable benefits
- 5 to 10 dB(A)

3, 6, 7, 9

- 2 to 5 dB(A)
- 5 to 10 dB(A)
- 5 to 10 dB(A)
- variable benefits
- variable benefits

3, 6, 7, 8, 9, 10, 10

The monitoring and management of noise and vibration impacts to receptors in adjacent communities or
habitations within the protected areas of the Project will be managed in accordance with the Noise and

Vibration Management Plan (ESMS Plans, Plan E), which describes the specific management processes
that will be implemented to minimize noise and vibration in accordance with appropriate BMPs and BATs.
As summarized in Figure 4.3.6, this includes the active incorporation of noise and vibration feedback into
establishing or refining:

•
•
•

the Noise and Vibration Management Plan itself;
individual blasting plans for the two quarries and four open pits; and

the Cultural Heritage Management Plan (which lists cultural important structures that must be
considered with regard to their potential sensitivity to vibration impacts; as discussed in ESMS Plans,
Plan N).
References:
[1] Mine Planning for Environment Protection, Commonwealth of Australia, Environmental Protection
Agency, Best Practice Environmental Management in Mining, June, 1995.
[2] Noise Management at Martha Mine, Newmont Mining; www.marthamine.co.nz/sound.html.
[3]
Noise,
Vibration,
and
Airblast
Control,
Environment
Australia,
1998;
www.ea.gov.au/industry/sustainable/mining/booklets/noise/noise3.html#3.
[4] Australian Government, Department of the Environment and Heritage, Checklists for Sustainable
Minerals, Checklist for Noise, Vibration, and Airblast Control, 2003.
[5] Pollution Prevention and Abatement Guidelines for the Mining Industry, World Bank/UNIDO/UNEP draft
guidelines, July 1993.
[6] Caterpillar web site; www.cat.com.
[7] Essentials – Noise Management in the Construction Industry: A Practical Approach, Government of Western
Australia, 3/99.
[8] Noise Control Resource Guide – Surface Mining, U. S. Department of Labor, Mine Safety and Health
Administration (MSHA).
[9] Environment and Community – Opportunities and Challenges for Mine Planning and Operations, Mt. Arthur
Coal (BHP Billiton), May 2005.
[10] Bulldozer Noise Control, U. S. Department of Labor, Mine Safety and Health Administration (MSHA).

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
2984

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

No. 111777/25.08.2006

RMGC internal unique code

MMGA_1273

Proposal

Solution

A situation of the underground voids and the effect which the large blasting and transit of large tonnage
trucks could have towards them is not shown
All underground accessible voids have been topographically surveyed and tri-dimensionally modeled so
that we currently have an accurate image of their location and dimensions. There are 2 types of
underground voids. One is represented by the access and mining galleries, and their size has no impact on
blasting operations an on the traffic of heavy load trucks. The others are voids that have been generated
by previous mining operations, and they are “corandas” and “rooms and pillars”. Special measures must be
taken for the latter type of voids of large dimensions, in order to avoid the impact on blasting procedures
and on ore transport. These measures would imply the adjustment of the drilling network and of the
blasting loads, backfilling the voids with material, and void areas will be marked on the field so as to avoid
accidents. These aspects will be subject to some very strict procedures regarding the blasting technologies
and the occupational safety technique and they are characteristic to the construction and operation stages
and not for the feasibility stage when the EIA process is being developed.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
3234

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

No. 111435/25.08.2006

RMGC internal unique code

MMGA_1414

Proposal

Blasting will cause landslides
The subsoil is rocky, therefore the land is very stable, and it is not exposed to sliding risk.
The analysis of the data included in Ipromin’s study, entitled „Geo-mechanical study for the measurement
of the effects of quarrying operations on the constructions located inside the protected area” indicates
that, in the case of the excavation technologies to be used in the Roşia Montană mining perimeter, the
oscillation velocity (the most important parameter of the seismic wave generated by the blasting) is
significantly reduced as we move away from the centre of the explosion. This is a proof of the fact that the
impact of pit explosions affects a rather limited area having reduced intensity in the neighbouring areas
therefore the risk of land sliding is very low.
As shown in Table no. 1 and Figure no. 1, the oscillation velocity at a distance of 500 meters from the
centre of the explosion corresponds, on the MKS scale, to natural earthquakes of 1st and 2nd degree.
The ore will be mined in open pits and will require blasting operations using explosive placed in bore
holes. In order to ensure the necessary daily ore amount, at least 3 mining panels will be blasted, using
approximately 6,860 kg explosive/front.

Solution

Using the formulas provided in the specialized literature, the values of the oscillation velocity at a distance
of 100 m, 200 m and 300 m from the protected constructions have been determined, in case of blasting
6,860 kg per blasting phase, as provided by the planned work technology.
The following values of the oscillation velocity of the material particle are determined (Table no. 2 and
Figure 1).
Table no. 2

Blasting Type
Instantaneous
nΔt = 0,140 s micro-delay
nΔt = 0,600 s micro-delay

Distance from the explosion centre
100 m
200 m
300 m
Oscillation velocity [mm/s]
24,8
9,1
4,7
17,6
6,5
3,3
14,6
5,4
2,8

400 m

500 m

3,0
2,2
1,7

2,2
1,6
1,3

Figure 1. Diagram of the oscillation velocity variation depending on the distance depending on the load
detonated per blasting phase.

Neither the former blasting operations performed with old technologies, in the Cetate and Cârnic pits
from Roşia Montană, have generated land sliding in the neighboring areas.
A detailed presentation can be found in the annex 7.1 - Proposed blasting technology for the
operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

No. 111108/25.08.2006, No. 111136/25.08.2006, No. 111135/25.08.2006, No.
111129/25.08.2006, No. 111128/25.08.2006, No. 111127/25.08.2006, No.
111126/25.08.2006, No. 111125/25.08.2006, No. 111124/25.08.2006, No.
111121/25.08.2006

RMGC internal unique code

MMGA_1440

Proposal

3252, 3253, 3254, 3255, 3256, 3593, 3594, 3595, 3596, 3816

The utilization of hundreds of tones of explosives may have negative effects over atmosphere and earth
crust
The quantity of TNT mentioned in the question is over-exaggerated, and the tendentious wording of the
question is misleading.
In reality, during a blasting phase, up to 1,296 kg AM will be detonated, resulting in a mining mass of
8,000 – 10,000 t. In order to obtain the daily production (tailings and ore), the movement of the rock of
approx. 28-32 exploitation panels is necessary, respectively the detonation of a quantity of approx. 10 t of
explosive AM-type, as presented in Chapter 2 – Technological Processes, Section 4.1.1.2, p. 60 et seq.
The priming will be of sequential type and NONEL-type non-electric fuses (non-electric) and detonating
wire will be used, technology that assures a mining mass crushing degree compatible to the loading
machines capacity and determines the reduction of the exploded rock spreading area.
For the definitive outlining of the pit sides, bore holes similar to those used for mining will be used,
having though a smaller explosive quantity with approx. 20% compared to the production holes, the start
being given by dynamite cartridges.
For the detonation the NONEL technology will be used.

Solution

The load blasting order will be performed with micro delay, from the hole center to the base part and to
the upper one, and from the center hole of the first row to the side extremities and to the following rows,
technology that assures the significant decrease of the seismic intensity and an increased effectiveness of
the rock movement explosions.
The model of atmospheric dispersion has been developed using the Best Available Techniques, in order to
simulate the transport of the pollutants generated by the mining activities outside the Project area.
Modern concepts related to the flow and dispersion in complex terrains are incorporated in AERMOD by
using a new and simple approach. If this is not necessary, the plume is modelled, either having a path that
impacts the terrain or with a path that follows the terrains’ topography.
AERMOD may forecast concentrations of pollutants from multiple sources for a wide variety of sites,
meteorological conditions, types of pollutants and mediation periods. For this project, the concentrations
on short term have been calculated using the maximum hourly rates of emission for activities developed
simultaneously and for the averages calculated for intervals of 1 hour, 8 hours and 24 hours. The annual
concentrations have been calculated using all active sources during the respective year.
For the dust emission control from open pits and haulage roads of ore and waste rock, the following
measures have been taken:
•
Utilization of a new blasting technology, namely the sequential blasting technology which
reduces drastically the height of the dust plume and dispersion area;
•
Ceasing of the activities generating dust during the periods with intense winds or when the
automatic monitor for particles installed in the Roşia Montană protection area indicates an alert situation;
•
Implementation of a program for dust control on the unpaved roads during the drought seasons
by means of watering trucks and inert substances for dust restraining. These measures will reduce the

dust emissions with 90%;
•
Minimizing of the unloading height at manipulation/discharge of materials;
•
Prescribing and application of speed limitation on traffic;
•
Implementation of a program of periodically maintenance of vehicles and motorized equipments;
•
Automatic monitoring of the air quality and meteorological parameters;
•
Implementation of additional measures for dust emission control: ore and waste rock watering at
the loading into trucks.
Details: the Report on Environmental Impact Assessment Study (Volume 12 – Chapter 4.2, Subchapter
4.2.4) and the Air quality Management Plan (Volume 24, Plan D) include, in a detailed manner, technical
and operational measures for decreasing/eliminating dust emissions generated by the activities developed
within the Project.
The “destruction“ of certain geological structures may occur in case of natural cataclysms, such as volcanic
eruptions or earthquakes of maximum intensity, which involve the release of huge energy; this does not
happen in the case of pit explosions.
Previous underground and massive surface blasting has been carried out in the area of the Roşia Montană
deposit. The impact of these blasting operations on the geological structure has been limited to very small
distances, such impact being insignificant on longer distances. A relevant example is represented by the
underground galleries underneath the Cetate pit, which resisted the massive blasting carried out in this
pit, although they were not reinforced. Only the works located 10-15 m underneath the pit floor have
been impacted, several blocks falling due to the local increase of the rock cracking degree.
The earth shell is permanently subject to earthquakes of various intensities, of tectonic and anthropic
nature. For the comfort of population and safety of constructions, the level of these earthquakes should
not exceed the maximum admissible limits imposed by the standards.
Pit blasting activities and heavy equipment traveling are allowed provided that the parameters of the
generated vibrations comply with the limits imposed by the law.
A detailed presentation of blasting technology can be found in the annex 7.1 - Proposed blasting technology
for the operational phase of Roşia Montană Project

Domain
MMDD’s item no. for the question
which includes the observation
identified by the RMGC internal
code

NOISE VIBRATIONS
749

MMDD’s identification no. for the
question which includes the
observation identified by the RMGC
internal code

No. 109706/21.08.2006 and No. 75023/21.08.2006

RMGC internal unique code

MMGA_1530

Proposal

there is no mention related to the funds made available for the protection or rehabilitation of the
historical monuments and patrimony houses in case of collapsing due to a shock wave generated by
explosion.
The company’s policy regarding the historical monuments and historical buildings will ensure their
protection in order to avoid the occurrence of any damage caused by Roşia Montană Project activities. In
this regard, the company has allotted the necessary funds for the reinforcement, restoration and
preservation of these buildings with historical value. These activities already have begun. Also, the
company will implement a strict monitoring system of the blasting effects from the proposed open pits, so
that measures of prevention in due time to be taken and continuous adaptation of the blasting
technologies to be carried out. In this way, the security conditions will be observed. The cultural
patrimony management plan (Vol. 33) provides the planned activities related to the buildings classified as
monuments and related allotted budgets.
Regarding the shock wave resulted from blasting, S.C. Ipromin S.A. has prepared a study entitled “Geomechanical study for measuring the effects of quarrying operations on the constructions located inside
the protected area” for the purpose of analyzing the effects of the excavation technologies to be used in
the Roşia Montană mining perimeter and identifying the technological solutions to ensure the protection
of the constructions existing inside the protected area or other heritage constructions.
In order to prevent the degradation or deterioration of the constructions located inside the protected area,
due to the effects of quarrying explosions the project stipulates a maximum oscillation of 0.2 cm/s,
measured next to the protected construction.

Solution

Theoretically, these velocities will ensure the integrity of the most sensitive and deteriorated historical
constructions existing in Roşia Montană.
Due to the fact that România has not adopted any standards for the protection of constructions against
the impact of quarrying explosions, this value has been established based on the relevant standards
existing in other states having a long tradition in this field, and complies with the requirements of the
German standard DIN 4150/83 – the most exigent European standard (Table no. 1).
Limit values of the oscillation velocity (mm/s) according to DIN 4150/83.
Table no. 1
Building Type
Offices and factory buildings
Residential buildings
Historical monuments

Velocity (mm/s)
< 10 Hz
10-50 Hz
20
20-40
5
5-15
3
3-8

50-100 Hz
40-50
15-20
8-10

One may notice that the value of 3 mm/s is the maximum velocity admitted for the protection of
historical monuments.
Using the formulas provided in the specialized literature, the values of the oscillation velocity at a distance
of 100 m, 200 m and 300 m from the protected constructions have been determined, in case of blasting

The following values of the oscillation velocity of the material particle are determined (Table no. 2).
Table no. 2
Distance from the explosion centre
Blasting Type

100 m

200 m

300 m

400 m

500 m

Oscillation velocity [mm/s]
Instantaneous

24,8

9,1

4,7

3,0

2,2

nΔt = 0,140 s micro-delay

17,6

6,5

3,3

2,2

1,6

nΔt = 0,600 s micro-delay

14,6

5,4

2,8

1,7

1,3

According to the data presented in Table no. 2, the load can be used at distances of more than 300 m from
the protected constructions, with micro delay.
This technology can be used for an area representing approximately 85% of the open pits area. At smaller
distances, in order to ensure an oscillation velocity of maximum 0.2 cm/s next to the construction, i.e. to
ensure a negligible seismic impact, some special technological options of the quarrying technology are
required. Such technological options consist in the reduction of the bore hole diameter and depth,
reduction of the amount of explosive detonated per blasting phase, etc.
This area covers approximately 15%, containing small amounts of ore to be blasted. Zone 2 extends to
maximum 300 m from the nearest construction. In its turn, this zone is divided into three sub-zones of
application of the technological options for ore blasting.
A maximum load of explosive/blasting phase corresponds to each sub-zone.
In order to measure the quarrying explosions impact on the constructions located inside the protected
area and other historical buildings, a monitoring system will be implemented, consisting in a stationary
network of digital seismographs, with three components installed at the main constructions to be
protected, and a mobile network composed of three mobile seismographs installed on a longitudinal
profile between the protected construction and the centre of the explosions. The processing of the
monitoring data obtained during the operation of the Roşia Montană open pits will also determine the
variation of the dynamic parameters of the seismic oscillations (seismic impact mitigation coefficient).
The secondary effects of open pit explosions, such as the oscillation velocity and over-pressure of the
shock wave can be kept under control and reduced by a number of technical and organizational measures.
The over-pressure of the shock wave depends on the amount of explosive load and blasting technique
(electrical or non-electrical, instantaneous or micro delay). It implies a risk to human beings and to highly
deteriorated constructions. The shock wave over-pressure impact can be reduced using the same methods
used in the case of the blast radius (work fronts orientation and compliance with the geometrical
parameters of load placement).
The seismic wave (material particle oscillation) represents the most important secondary effect on the soil
and constructions. This effect is assessed by the velocity, acceleration or movement of the material
particle. For the protection of constructions, velocity is the most widely used parameter.
The oscillation velocity of the material particle has been used as a parameter for the delimitation of the two large
areas of the open pits, under the condition of a maximum velocity of 0.2 cm/s measured at the nearest construction
from the explosion centre.
This velocity ensures the protection of the constructions, provided that the consolidation works are
performed. This value of the maximum velocity (of 0.2 cm/s) has been adopted based on the relevant
standards existing in other countries having a long tradition in this field, and complies with the
requirements of the German standard DIN 4150/83.

It is important to emphasize that it is not the quarrying technologies using explosives that represent a real
threat to the 42 historical buildings, but rather their advanced state of degradation. For this reason, if no
measures are taken, these buildings will be inevitably lost.

