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ABSTRACT

The process of drilling is invariably associated with noise as a by-product.
Scientists and engineers worldwide have widely used acoustic signatures from
mechanical equipment’s to detect fault in a system. However, the application of
sound in determining rock properties is limited. In the past few years, research in
the area of predicting rock properties using sound level produced during drilling
has been reported by various investigators. However, the equipment used by the
earlier investigators was a jack hammer drill which itself was a high noise
generating unit and it was believed that the noise from the drilling unit itself might
be affecting the results of sound level during measurement. Further, the CNC
machine used by the earlier investigators was rarely used in mines. Added to that,

the cost of the machine was also high.

In view of the above, it is felt necessary to fabricate a low cost and low noise
generating drilling unit for the purpose of estimating rock properties. Hence the
primary focus of this research work is development and fabrication of a portable,
cost effective, rotary drilling set-up for drilling in rocks of varying physico-
mechanical properties. Further, development of general prediction mathematical
models for different physico-mechanical properties of igneous rock using
statistical methods is also one of the component of the research work.The
purpose of this research work is to design and fabricate a low cost and low noise
producing drilling setup which will be very useful in the estimation of rock
properties using sound level produced during drilling. The developed models
based on the results of laboratory studies, clearly indicate the prediction of the
physico-mechanical properties of igneous rocks with acceptable degree of

accuracy using this designed drill setup.
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CHAPTER 1

1.0 INTRODUCTION

Drilling in rock/strata of any type invariably produces noise as a by-product. Particularly
in hard rocks, jackhammer drill is extensively used for the purpose of drilling which has
the major noise source as the driving unit emitting high intensity low frequency noise
due to compressed air (Powel, 1956). It has been estimated that, of the total noise
energy of pneumatic drill, 87.5% is contributed by the exhaust and the next largest
component is the impact between the piston and the drill steel (Walker, 1963; Holdo,

1958 & Miller, 1963).

Acoustic signatures from mechanical equipments had been widely used to detect fault
in a system. However, the application of sound in determining rock properties was very
limited. In the past few years, research in the area of predicting rock properties using

sound level produced during drilling had been reported by various investigators.

Earlier, few studies in oil and gas industries seemed to have proposed a technique
called “Seismic While Drilling” for estimating rock formations. For instance, few studies
had proposed the use of noise produced by the bit during drilling as a seismic source for
surveying the area around a well and also for formation characterization while drilling
(Onyia, 1988; Martinez, 1991; Rector & Hardage, 1992; Miranda, 1996; Asanuma &
Niitsuma, 1996; Hsu, 1997; Aleotti et al, 1999; Tsuru & Kozawa, 1998; Hand et al, 1999;
Fernandez & Pixton, 2005). A recent study (Stuart et al, 2007)has also reported a
method of estimating formation properties by analyzing acoustic waves that are emitted

from and received by a bottom hole assembly. It needs to be emphasized that “Seismic

1



While Drilling” technique is different from the technique of estimating rock properties

using sound levels produced during drilling.

An attempt was made by Vardhan & Murthy (2007) to investigate the influence on
sound level due to drilling in rocks of varying physico-mechanicalproperties using
jackhammer drill. The results indicated higher sound level at various measurement
locations with increase in compressive strength and with lower values of abrasivity of
rocks.Based on the results of Vardhan & Murthy (2007), in the year 2009, Vardhan,
Adhikari & Govindaraj indicated that sound level can be a promising tool in estimating
rock properties during drilling. A number of investigation were carried out by Vardhan &
Yadav (2011); Rajesh Kumar, Vardhan & Govindaraj (2011)2t¢; Rajesh Kumar,
Vardhan, Govindaraj & Vijay (2013); Rajesh Kumar, Vardhan, Govindaraj &Sowmya
Saraswathi (2013) to determine the rock properties using sound level produced during
drilling with different degrees of success. A number of models both using statistical
techniques as well as using Atrtificial Neural Networks were developed by the above
mentioned investigators. However it is important to mention here that the entire
investigation by the above mentioned researchers concentrated in using a computer
numerical controlled (CNC) vertical milling machine for drilling holes with drill bit
diameters ranging from 6 to 20mm with a shank length of 40 mm. This equipment hardly

found application in mining industry. Added to that, it was capital intensive.

Kivade et al (2011& 20142°) studied in detail the effect of applied thrust on the
penetration rate and sound level of jackhammer drill. It was said that the compressive
strength and abrasivity exhibit strong correlations with the sound level and penetration

rate. All the investigation of Kivade et al (2011 & 20142) was based on experimental



work in the laboratory using jackhammer drill, which itself was a high noise generating

equipment.

Based on the above, it is clear that, there is no doubt regarding estimation of rock
properties using sound level produced during drilling. However, the equipment used by
the earlier investigators was a jack hammer drill which itself was a high noise generating
unit and it was believed that the noise from the drilling unit itself might be affecting the
results of sound level during measurement. Further, the CNC machine used by the
earlier investigators was rarely used in mines. Added to that, the cost of the machine

was also high.

In view of the above, it is necessary to fabricate a low cost and low noise generating
drilling unit. It is believed that, such a setup will be more efficient in estimation of rock
properties using sound level produced during drilling. Added to that, due to its lower
cost, it can be easily used by even small quarry operators who are reluctant in spending

more money on purchasing high end equipments.



CHAPTER 2
2.0 LITERATURE REVIEW

2.1DETERMINATION OF ROCK PROPERTIES THROUGH
EXPERIMENTAL WORK

Determining and estimating the physico—mechanical properties of rock is one of the
important aspects for the mining and civil engineers in the area of rock mechanics. The
International Society for Rock Mechanics (ISRM) has suggested a number of methods
for measuring rock properties both in the laboratory as well as in the field which were

compiled and edited by Ulusay and Hudson (2007).

Schmidt (1951) had designed a portable hammer to conduct non-destructive tests on
concrete which was popularly known as Schmidt hammer and was widely used for
indirectly estimating the rock strength. The Schmidt hammerbasicallymeasured the
surface rebound hardness of the tested material. In the year 2009, Aydin proposed a
revised suggested method, which superceded the portion of earlier ISRM document, to
determine the rebound hardness of rock surfaces both in laboratory conditions and in-
situ with an emphasis on the use of this hardness value as an index of the uniaxial

compressive strength and Young’s modulus of rock materials.

Szlavin (1974) carried out an analysis to find out if statistically significant correlations
existbetween the physico-mechanical properties of rock. According to him, this would
make it possible for the estimates to be made of one property from any other single
property. Various tests such as Compressive Strength, Tensile Strength, Shore
Hardness, Indentation, Specific Energy and Abrasivity were conducted on a number of

samples and the arithmetic mean value was calculated which was used in the analysis.
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A program was devised so that the test results could be fed into a computer. The
relationships between the variables were obtained in terms of regression coefficients,
standard deviations and correlation coefficients. A comparison of the results showed
that the majority of the ‘direct’ physico-mechanical propertiescould be estimated with
reasonable accuracy from each other. However, more errors were involved in the
determination of, and calculation from, the energy based units, i.e. specific energy index
and abrasivity. Szlavin (1974) also pointed out that, the ratio of uniaxial compressive

strength and specific energy was approximately constant.

In the year 1998, Szwedzicki proposed a standard indentation test, as a measure of
hardness and its use to predict the uniaxial compressive strength (UCS). According to
him, standardized indentation testing allowed for the characterization of physico-
mechanical properties of rock. Further, there was a relationship between the value of

the indentation hardness index and the UCS.

Gill et al. (2005), by rigorous statistical procedure, proposed an algorithm to determine
the minimum number of specimens required in the laboratory testing for the

determination of physico-mechanical properties of rocks.

Lama &Vutukuri (1978) and Carmichael (1982) through the results of field investigation,
tabulated extensive lists of various mechanical properties of sedimentary rocks from
different locations around the world. Kwasniewski (1989) determined the UCS and
porosity data of various sandstones. Jizba (1991) presented the physico-mechanical
properties of sandstones and shales with a wide range of porosity recovered from
various depths in Texas, USA. Wong et al. (1997) also presented a table of strength

and other physico-mechanical properties of several representative porous sandstones.



Bradford et al. (1998) and Horsrud (2001) also reported the laboratory test results on

the North Sea sandstone and shale, respectively.

2.2 DETERMINATION OF ROCK PROPERTIES USING SOUND LEVEL

Sound has been widely used for fault diagnosis in mechanical industry. It is a very
important tool which is even used in predictive maintenance of equipments. However,
its application in rock mechanics is very limited. The application of sound in rock
mechanics particularly for determination and estimation of rock properties has started

very recently in the last few years.

Acoustic emission studies related to rocks were initiated by Obert (1941) and Obert&
Duvall (1942) to predict rock bursts in mines. Several investigators (Knill et al. 1968,
Hardy 1972, Hardy 1977, Mogi 1973, Shamina 1975, Byerlee 1978) diverted their
attention on the change in spectral amplitudes of acoustic waves over a wide band of

monitoring frequencies with increasing applied stress.

McNally (1990) proposed an exponential relationship between UCS and the sonic log
after study of the UCS test results on thousands of core samples with geophysical logs
from Bowen Basin. As reported by Ward (1998), the German Creek Mine derived its

own local formula.

Hatherly (2002) proposed an alternative approach to estimate the UCS of elastic rocks
from geophysical borehole logs. He first determined the composition of the rocks and

then correlated this to the UCS.



Schon (1996) also found that there was either a linear, polynomial or logarithmic

relationship between seismic velocity and UCS.

Zborovjan (2001) showed that rock acoustic signature could be found between the
frequency ranges 5000 — 8000 Hz. It was also pointed out that the lower half of signal
spectrum was mainly due to the noise produced from the drilling engine and cooling

water.

In the year 2003, Zborovjan et al. discussed about acoustic identification of rocks during
the process of drilling. An attempt was made by him to identify specific acoustic
signature of each drilled rock type and the rock class type. A software was developed
for acoustic rock identification based on Hidden Markov Models (Rasmussen 2000).
The developed software included the real experimental results to identify the specific
acoustic signature of each drilled rock type. According to him, the proposed software

gave satisfying results in rock class acoustic identification.

Miklusova et al. (2006) developed an experimental setup to simulate rock disintegration
by rotary drilling in the laboratory. She discussed about the analysis of noise signals as
acoustic behavior of rock drilling process. According to her, acoustic signal had the

potential to be used for control of rock disintegration process.

Futo et al. (2003) discussed the possibility of rock drilling optimization through acoustic
signals. According to the investigators, the equivalent level for representative frequency
depended on the rock types. Hence, equivalent sound levels could be used for

identification of the rock type.



According to Gradl et al. (2008), bit characteristics could be determined using acoustical
data alone, i.e. noise of a bit. Investigators could detect major differences in the
frequency characteristics during the analysis of the roller cone bit and the natural

diamond bit.

Williams & Hagan (2006) investigated the changes in rock cutting conditions with the
nature of acoustic signals generated in rock. According to them, acoustic emission vary
with time during the rock cutting process and there exists a correlation between the rise

in cutting force and the levels of acoustic emission.

In 1994, Jung et al. conducted indentation experiments on rock core specimens. They
recorded and analyzed Load — displacement, Acoustic Emission (AE), Root Mean
Square — time, AE number — time and AE signal — time curves. They concluded that,
during indentation, acoustic emission activities increase with increasing stress level. It
rises sharply as the critical load was reached and chipping occurred. According to him,
the acoustic emission to a large extent is dependent on rock hardness which was
closely associated with its mineral composition, structure and texture and physical

properties.

An attempt was made by Vardhan& Murthy (2007) to investigate the influence on sound
level due to drilling in rocks of varying physical properties i.e. compressive strength and
abrasivity using jackhammer drill. For this purpose, a jackhammer drill setup was
fabricated wherein the thrust applied can be varied while drilling vertical holes. The
results of this study indicated that, increase in thrust increases the sound level at higher
midband frequencies in the noise spectrum. Both the thrust and air pressure were found

to have a significant effect on the sound level produced by jackhammer drill at all the



measurement locations. It was said that to maintain a constant penetration rate in the
rocks, both the thrust and air pressure need to be increased with an increase in
compressive strength and decrease in rock abrasivity. Therefore, increased
compressive strength and lower abrasivity of rocks will require higher air pressure and
thrusts to be applied to achieve an optimum penetration rate and therefore will result in

higher sound level at the operator’s position and at other measurement locations.

Based on results of Vardhan& Murthy (2007), in the year 2009, Vardhan,
Adhikari&Govindaraj indicated that sound level could be a promising tool in estimating

rock properties during drilling.

Rajesh Kumar, Vardhan&Govindaraj (20112) developed empirical models using multiple
regression technique for prediction of physico-mechanical properties of metamorphic
rocks. The model considered the parameters as drill bit diameter, bit speed, penetration
rate and equivalent sound level produced during drilling. The F-test was used to check
the validity of the developed models. The experimentally measured rock property values
and the values calculated from the developed regression model were fairly close which
indicated that the developed models could be efficiently used in prediction of intact

metamorphic rock properties.

Rajesh Kumar, Vardhan&Govindaraj (2011°) also developed a general prediction model
to investigate the relationships between sound level produced during drilling and
physico-mechanical properties such as uniaxial compressive strength, tensile strength
and percentage porosity of sedimentary rocks. The results were evaluated using the
multiple regression analysis taking into account the interaction effects of various

predictor variables. Predictor variables selected for the multiple regression model were



the drill bit diameter, drill bit speed, penetration rate and equivalent sound level
produced during rotary drilling (Leq). The constructed models were checked using
various prediction performance indices. It was said that the constructed models can be

used for practical purposes.

Rajesh Kumar, Vardhan&Govindaraj (2011¢) also made an attempt to estimate rock
properties such as uniaxial compressive strength, Schmidt rebound number and
Young's modulus using sound level produced during rotary drilling. For this purpose, a
computer numerical controlled vertical milling centre was used for drilling holes with drill
bit diameters ranging from 6 to 20 mm with a shank length of 40 mm. Fourteen different
rock types were tested. The study was carried out to develop the empirical relations
using multiple regression analysis between sound level produced during drilling and
rock properties considering the effects of drill bit diameter, drill bit speed and drill bit
penetration rate. The F-test was used to check the validity of the developed models.
The measured rock property values and the values calculated from the developed
regression model were fairly close, indicating that the developed models could be

efficiently used with acceptable accuracy in prediction of rock properties.

Kivade et al (2011) studied in detail the effect of applied thrust on the penetration rate

and sound level of jackhammer drill.

Rajesh Kumar, Vardhan, Govindaraj& Vijay (2013) made an attempt to predict rock
properties using soft computing techniques such as multiple regression, artificial neural
network (MLP and RBF) models, taking drill bit speed, penetration rate, drill bit diameter
and equivalent sound level produced during drilling as the input parameters. A database

of 448 cases were tested for determination of uniaxial compressive strength (UCS),

10



Schmidt rebound number (SRN), dry density (r), P-wave velocity (V,), tensile strength
(TS), modulus of elasticity (E) and percentage porosity (n) and the prediction
capabilities of the models were then analyzed. Results from the analysis demonstrated
that, neural network approach was efficient when compared to statistical analysis in

predicting rock properties from the sound level produced during drilling.

Rajesh Kumar, Vardhan, Govindaraj&SowmyaSaraswathi (2013) reported that in many
rock engineering applications such as foundations, slopes and tunnels, the intact rock
properties are not actually determined by laboratory tests, due to the requirement of
high quality core samples and sophisticated test equipments. An artificial neural network
models were reported to be developed to predict the rock properties of the intact rock,
by using sound level produced during rock drilling. A database of 832 datasets,
including drill bit diameter, drill bit speed, penetration rate of the drill bit and equivalent
sound level (Leq) produced during drilling for input parameters, and uniaxial compressive
strength (UCS), Schmidt rebound number (SRN), dry density (p), P-wave velocity (Vp),
tensile strength (TS), modulus of elasticity (E) and percentage porosity (n) of intact rock
for output, was established. The constructed models were checked using various
prediction performance indices. Goodness of the fit measures revealed that
recommended ANN model fitted the data as accurately as experimental results,

indicating the usefulness of artificial neural networks in predicting rock properties.

Investigation was carried out by Kivade et al (2014) on ten rock samples using
pneumatic drill with drill bits of different diameters. The sound level and penetration
rates were correlated with the rock properties. It was said that the compressive strength

and abrasivity exhibit strong correlations with the sound level and penetration rate. It
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was concluded that, among the rock properties included in the study, the compressive
strength and abrasivity values were the dominant ones affecting the penetration rate

and sound level of percussive drills.

Kivade et al (2014) also reported about a detailed study carried out to determine the
influence of rock properties on the sound level produced during pneumatic drilling.
Further, investigation was also carried out on the effect of thrust, air pressure and
compressive strength on penetration rate and the sound level produced. It was
observed that, very low thrust resulted in low penetration rate. Even very high thrust did
not produce high penetration rate at higher operating air pressures. With increase in
thrust beyond the optimum level, the penetration rate started decreasing and caused
the drill bit to ‘stall’. Results of the study showed that penetration rate and sound level
increased with the increase in the thrust level. After reaching the maximum, they started
decreasing despite the increase of thrust. A general prediction model was developed to
investigate the relationships between sound level produced during drilling and physical
properties such as uniaxial compressive strength and abrasivity of sedimentary rocks.
The results were evaluated using the multiple regression analysis taking into account

the interaction effects of predictor variables.

SrisharanShreedharan, ChiranthHegde, Sunil Sharma and Vardhan (2014) also
reported on method to monitor and evaluate the sounds produced as undesirable by-
products, at the drill-bit and rock interface, to predict the type of rock being drilled. It was

said that the method might be extrapolated further in the estimation of rock properties.
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2.3 APPLICATION OF REGRESSION TECHNIQUES IN GEO-
MECHANICS

There had been a steady increase in the successful and potential application of

regression in many areas of geo-mechanics in the recent past.

Sachapazis (1990) carried out tests to determine Schmidt hammer rebound hardness
number, Tangent Young’s modulus, and uniaxial compressive strength for 29 different
types of carbonate rocks. The correlations between these parameters were carried out
and regression equations were established among the above said properties with high

coefficients of determination (R2).

A statistical approach was proposed by Kim &Gao (1995), for the computation of the
mechanical properties of rock mass. It was said that the approach accounts for the
uncertainty due to the variability of the rock material properties and the pattern of the
discontinuities in the rock mass. All parameters describing the rock mass properties
were considered random variables instead of a constant. Probability distributions of the
deformation modulus and the compressive strength of a rock mass were obtained by
applying Monte Carlo simulation. Using extreme value statistics, the input data used for
the simulation and the simulation results were analyzed. It was said that the third type
asymptotic distribution of the smallest values was general statistical representation of

mechanical properties of rocks.

Using Schmidt Hammer rebound readings of seven rock types, Katz et al. (2000)
developed new empirical correlations with laboratory measured values of Young's

modulus, Uniaxial Compressive Strength and density. According to the investigators,
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these developed equations could be used to estimate the relevant mechanical

properties in the field as well as laboratory.

An evaluation of the correlations using least squares regression, between the uniaxial
compressive strength (UCS) values of 48 different rocks and the corresponding resulted
of point load, Schmidt hammer, sound velocity and impact strength tests were carried
out by Kahraman in the year 2001. By calculating the coefficient of variation, the
variability of test resulted for each test and each rock type was evaluated. According to
him, strong linear relations existed between the point load strength index values and
UCS values for the coal measure rocks and other rocks. The Schmidt hammer and
sound velocity tested exhibit significant nonlinear correlations with the compressive
strength of rock. In the sound velocity test, the data points were scattered at higher
strength values. There was no clear relation between the impact strength values and
compressive strength values for coal measure rocks. A weak nonlinear correlation was
found between the impact strength values and the compressive strength values for the
other rocks. Based on his investigation, he concluded that, except for the impact
strength, all other test methods evaluated in the study provide reliable estimation of

compressive strength of rock.

An investigation using regression analysis was carried out by Altindag (2002), to find out
the relationship between brittleness and different rock properties i.e., drillability index,
Point load and Elastic modulus based on the data of Bilgin et al. (1993) and Kahraman
et al. (2000). According to him, there existed a significant correlation between

brittleness and the drillability index.
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In the year 2002, Kahraman investigated the relationship between the direct and the

indirect P-wave velocity values obtained through laboratory experiments.

Significant amount of investigation had been carried out on the usefulness of Schmidt
hammer test on different rock types (Deere & Miller, 1966;Aufmuth, 1973; Beverly et al.
1979;Kidybinski, 1980; Singh et al. 1983; Sheorey et al. 1984;Haramy& DeMarco, 1985;
Ghose&Chakraborti, 1986; O’Rourke, 1989; Cargill &Shakoor, 1990;Sachpazis, 1990;
Kahraman et al. 1996;Tugrul&Zarif, 1999; Katz et al. 2000; Yilmaz &Sendir, 2002).
Various empirical equations had been proposed for estimating UCS and Young’s

modulus of rock from Schmidt hammer rebound number.

An attempt was made by Yasar& Erdogan (2004a) to find out the statistical relationships
between Schmidt hammer rebound number and Shore scleroscope hardness values
with various physico-mechanical properties of different rocks. According to them,
physico-mechanical properties could be estimated using hardness methods. They also
pointed out based on their study that porosity increases with decreasing hardness

values and strength of the rocks.

Yasar& Erdogan (2004b) also developed the statistical relations using the least square
regression method to predict physico-mechanical properties namely UCS, Young's
Modulus and Density of Carbonate rocks using Sound Velocity (SV) index value. Based
on their study, they concluded that the above said physico-mechanical properties can

be estimated from Sound Velocity values using their mathematical equations.
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Singh & Rao (2005) pointed out that there was a strong correlation between ultimate
strength and the tangent modulus values of the block mass tested in the laboratory for a
specific failure mode, when plotted on the Dure-Miller classification chart and it followed

an empirical straight line.

Karakus et al. (2005) used the technique of multiple regression modeling to predict

elastic properties of intact rocks from index tests.

Chang et al. (2006) reported that, some of the equations developed work reasonably
well (for example, strength — porosity relationships for sandstone and shale) to predict
rock properties. However, the authors were of the opinion that rock strength variations
with individual physical property measurements scatter considerably, indicating that
most of the empirical equations were not sufficiently generic to fit all the data published

on rock strength and physical properties.

Kahraman&Alber (2006), correlated the electrical resistivity values with experimentally
measured physico-mechanical properties such as uniaxial compressive strength, elastic
modulus, point load strength, Schmidt hammer value, P-wave velocity, density and

porosity values, using least squares regression method. According to the authors:

UCS and elastic modulus, increases with increasing electrical resistivity.

- There exists a strong logarithmic relationships between UCS and resistivity and
between resistivity and elastic modulus.

- Density linearly increases with increasing resistivity.

- Porosity and electrical resistivity are inversely related.
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Based on their investigation, the authors concluded that, electrical resistivity could be
used as a representative measure of rock properties, particularly for characterizing

rocks for which regularly shaped specimen were difficult to obtain.

Karakurt et al. (2013) carried out an experimental and statistical study on noise level
generated during rock sawing by circular diamond saw blades. Influence of the
operating variables and rock properties on the noise level were investigated and
analyzed. Statistical analysis were then employed and models were built for the
prediction of noise levels depending on the operating variables and the rock properties.
The derived models were validated through statistical tests. It is found that increasing of
peripheral speed, traverse speed and cutting depth result in an increase in noise levels.
On the other hand, a decreasing trend in noise level was initially observed with
increasing the flow rate of cooling fluid. It was said that there is moderate correlations

between uniaxial compressive strength, density and noise levels.

Kahraman et al. (2013) made an attempt to determine the Los Angeles abrasion
resistance using indirect method for preliminary investigation as the direct method is
time consuming, expensive, and requires a large amount of samples. In this
investigation, Los Angeles abrasion, noise level measurement, density and porosity
tests were carried out on 27 different rock types including igneous, metamorphic and
sedimentary rocks. The test results were evaluated using the simple and multiple
regression analysis. A good corelation was found by the investigators between the Los
Angeles abrasion loss and the noise level. In order to check the possibility of obtaining
more significant relations, multiple regression analysis was performed by including

density and porosity values. However, the regression analysis showed that the
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correlation coefficients of multiple regression equations were slightly higher than that of
the simple regression equation. Since the simple regression equation is practical and
statistically significant, it was suggested for estimation purpose. The investigators
concluded that Los Angeles abrasion loss of aggregates can be reliably estimated from

noise level measurement.

Delibalta et al. (2015) carried out an investigation on the usability of noise level from
rock cutting for the prediction of physico-mechanical properties of rocks. According to
the investigators, as the indirect tests are easier and cheaper than the direct tests, the
prediction of rock properties from the indirect testing methods is important especially for
the preliminary investigations. In this study, the predictability of the physico-mechanical
rock properties from the noise level measured during cutting rock with diamond saw
was investigated. Noise measurement test, uniaxial compressive strength (UCS) test,
Brazilian tensile strength (BTS) test, point load strength (Is) test, density test, and
porosity test were carried out on 54 different rock types in the laboratory. The results
were statistically analyzed to derive estimation equations. Strong correlations between
the noise level and the mechanical rock properties were found. The relations follow
power functions. Increasing rock strength increases the noise level. Density and
porosity also correlated strongly with the noise level. The relations follow linear
functions. Increasing density increases the noise level while increasing porosity
decreases the noise level. It was said that, the developed equations are valid for the
rocks with a compressive strength below 150 MPa. Finally, it was concluded that the
physico-mechanical rock properties can reliably be estimated from the noise level

measured during cutting the rock with diamond saw.
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Faisal et al. (2007), carried out linear statistical analysis to establish the relationships
between engineering properties of the intact rock namely dolomite, dolomitic limestone
and shale rocks with different types of hardness i.e., Schmidt, shore scleroscope,
abrasion, and total hardness. According to the authors, there existed a good

relationship between the engineering properties of the intact rock and its hardness.

Yavuz et al. (2008), investigated the dependence of abrasion rate on physico-
mechanical properties of rocks namely bulk density, effective porosity, P-Wave velocity,
Schmidt rebound hardness, Compressive strength, Tensile strength through least

square regression analysis. Based on their investigation, the authors concluded that:

- Hardness, tensile strength, compressive strength and density of rock could
adequately estimate the abrasion rate of rocks.

- There is a possibility of rough estimateofabrasion rate of rocks using porosity and
P-wave velocity of rocks.

- More abrasion resistant rocks are likely to have high bulk density, compressive

strength, tensile strength, hardness and lower value of porosity.

Kilic&Teymen (2008) showed satisfactory correlationsforestimating the physico-

mechanical properties of rocks using non-destructive and indirect test methods.
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CHAPTER 3

3.0 OBJECTIVES & SCOPE OF THE WORK
3.1 OBJECTIVES

Based on the literature review, the OBJECTIVES of the present investigation are as

follows:

1. Development and fabrication of a portable, cost effective, rotary drilling set-up for

drilling in rocks of varying physico-mechanical properties.

2. Development of general prediction mathematical models for different physico-

mechanical properties of igneous rock using statistical methods.

3.2 SCOPE OF THE WORK
Based on the suggestions received from the members of the Research Progress

Assessment Committee, the SCOPE of the WORK is limited to:
a. Design and fabrication of the drilling setup.

b. Development of general prediction mathematical models for different physico-
mechanical properties of igneous rock through multiple regression analysis in order to

establish the relationship between:

i. Sound levels produced during drilling and uni-axial compressive strength of
igneous rocks.

ii. Sound levels produced during drilling and the tensile strength of igneous rocks.
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iii.  Sound levels produced during drilling and the Schmidt Rebound Number.
iv.  Sound levels produced during drilling and the rock density.

v. Sound level produced during drilling and the porosity of igneous rocks.
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CHAPTER 4

4.0 EQUIPMENTS AND INSTRUMENTATIONS

The equipments and instruments described below in this chapter were used to

measure various physico-mechanical properties in the laboratory.

4.1 EQUIPMENTS
4.1.1 AIM-317E-Mu Compression Testing Machine

Compressive strength was one of the most important physico-mechanical
properties of rock material, used in excavation projects. AIM—317E—Mu micro
controller compression testing machine was used for measurement of

Uniaxial Compressive Strength (UCS) of rock materials (Fig.4.1).

Fig.4.1 AIM-317E-Mu, Compression Testing Machine
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It had an intelligent pace rate controller, motorized pumping unit and loading

unit with maximum loading capacity of 2000 kN.

4.1.2 Brazilian Tensile Testing Machine

Rock material generally has a low tensile strength. The low tensile strength is
due to the existence of micro cracks in the rock. The existence of micro
cracks may also be the cause of rock failing suddenly in tension with a small
strain. Tensile strength of rock was measured from Brazilian test loading
frame with 100 kN capacity, having a base and a cross head joined together
with two solid pillars with nuts (Fig. 4.2).

At the top, the pillars have long threads for height adjustment and on the
base, a 100 kN hydraulic jack is centrally fixed between the pillars. This jack
has an integral pumping unit and an oil reservoir. A 100 kN capacity pressure
gauge is fixed to the jack for indicating the load on the specimen and also an

operating handle is provided with the jack.
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Fig 4.2 Brazilian Tensile Testing Machine

4.2 INSTRUMENTATIONS

4.2.1 DIGI — Schmidt 2000
Schmidt hammer rebound hardness is often measured during the early part of

field investigation. It is a measure of the hardness of the rock material by
counting the rebound degree. Tests were performed with DIGI — SCHMIDT
2000 (Fig.4.3). The graphic LCD 128 x 128 pixel display unit of the instrument

immediately displays the rebound value.
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Fig.4.3 DIGI-SCHMIDT 2000, SRN measuring instrument

4.2.2 SPARK 706 Sound Level Measuring Instrument

The instrument used for sound measurement was a Spark 706 from Larson
Davis, Inc., USA (Fig.4.4). The instrument was equipped with a detachable
10.6 mm microphone and 7.6 cm cylindrical mast type preamplifier. The
microphone and preamplifier assembly were connected by an integrated 1.0
m cable. A Larson Davis CAL 200 Precision Acoustic Calibrator was used for
calibrating the sound level meter. Before taking any measurement, the
acoustical sensitivity of the sound level meter was checked using the
calibrator. Table 4.1 gives the technical specifications of the sound level meter

used in the investigation.
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Fig. 4.4 Spark 706, Sound Measuring Instrument

Table 4.1: Specifications of sound level meter

Specification 705/ 705+ | All Other
Measurements Range 40 to 143 dB(RMS) : 801 to 46dB (Pea) Typical
Max. Pack Level 146 dB SPL

Detectors Slow Fast Peak
Frequency Weighting A/C un weighted Peak

Microphone 3/8” Electrets

Memory 4MB Non volatile
Clock / Calendar Month, Day, Year , Hr: Min : Sec
Power Supply Internal One AA battery | Internal Two AA battery
35 Hour Operation 100 Hour Operation

Dimension 39Lx29Wx0.78D 55Lx2.5Wx1.25D

Weight 7.0 oz (198Q) 8.4 0z (238q)

Standard Met

ANSI S1.4 -1983, ANSI S1.25 -1991, IEC 60651
1993, IEC 60804 1993, |IEC 61252 1993,
Compliant

Intrinsic Safety
Standard Met

ANSI/UL 913, ANSI/UL 2279, part 11
CSA 157 — CSA E70 11 (Canada)
IEC 60079-11 EN50020 (Europe)
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4.2.3 Porosity

Porosity describes how densely the material is packed. To determine the
porosity of the rock samples, the specimens were prepared and tested in
accordance with ISRM suggestions (Ulusay and Hudson 2007). Porosity was
measured by crushing the rock to fine powder and measuring the volume of
powder by displacement of the fluid in a pycnometer. The total volume of
pores is calculated as the difference between the volume of the specimen and
that of the crushed particle. At least five samples of each rock type were used

for measuring porosity.

4.2.4 Dry Density

Density is a measure of mass per unit volume. Density of rock material varies,
and is often related to the porosity of the rock. It is sometimes defined by unit
weight and specific gravity. The density of each core sample was measured

after the removal of moisture from it.
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CHAPTER 5

DESIGN AND FABRICATION OF THE EXPERIMENTAL
SET-UP

5.0 INTRODUCTION

A number of studies have been reported recently on the application of sound level,
which has been discussed elaborately in the literature. All these studies have
concentrated on using either CNC or jack hammer machine for the purpose of
drilling. CNC machine is widely used in the mechanical industry whereas jack
hammer drill is widely used in hard rock mining. Though CNC machine produces
less noise, it is a costly equipment and not every small mine/quarry operator will like
to procure it. Jack hammer drill is a highly noise producing machine and it is felt that
the noise of the jack hammer drill will interfere with noise produced during the
process of rock drilling.

In view of the above, it is felt to fabricate a low cost and silent drill machine for drilling

in rock blocks to indirectly estimate the physico-mechanical properties of the rocks.

5.1 FABRICATION OF PORTABLE DRILL MACHINE

The entire set-up is fabricated for the purpose of experimental investigation.
Basically, the set-up which is portable and noiseless unit in itself consists of three

important parts as mentioned below.

i.  Drilling unit
ii.  Water supply and storage unit
iii.  Hydraulic pump unit
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5.1.1 The Drilling Unit

The drilling unit with different components of the drill set-up is shown in {Fig.5.1(a)

and Fig. 5.1(b)} which consists of the following parts:

1. Metal base 11. Balancing rope

2. Metal structure support 12. Wooden base

3. Column with movable piston 13. Sample holder

4. Box girder 14. Motor regulator

5. 1 HP motor 15. RPM display

6. Belt 16. Two pipes

7. Drive pulleys 17. Cylinder

8. Drill chuck 18. Power cord and

9. Drrill rod 19. Two pulley wheels
10. Dead weight

The drill unit is supported on a strong and rigid metal base, which is most commonly
used in drilling machines. The loading structure is designed and fabricated such that
not only it withstand the weight of the machine, but also strong enough for cyclic
loading during drilling. Further, the metal base is connected to a solid rigid structure
for accurate and fast drilling of the collected rock samples. The drill machine is
equipped with 1 HP noiseless motor which transmits the power through a belt pulley
arrangement; the arrangement is such that the transmission loss is negligible.The
speed of the motor can be easily monitored using a motor regulator knob provided
just beside the motor assembly. The speed of the drill machine in RPM is displayed

by a digital tachometer provided near the speed regulator knob.

29




— e ] e ———

Pipe-1

Pipe-2

A
[N

RPM display

N

controller

Structure support

D rill rod

Dead weight

Column Power COdE

#

Safnpleholder oy -

ooden base

Fig.5.1(a) Drill unit with different components
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Fig.5.1(b) Drill unit with different components

To hold the drill bit used in the present investigation a chuck with a specialised clamp
is used to hold the object firmly during the process of drilling. A two pulley wheel has
been equipped to transmit the power. The drive element of a pulley system is belt
that runs over the pulley inside the groove. For accurate holding of the work piece, a
sample holder with a bolt nut arrangement is provided, such that the rock samples
with different sizes can be placed and changed depending upon the length of the bolt
to ensure that drilling takes place within few rotations of the drill bit as soon as it

comes in contact with the surface of the rock sample. To facilitate the upward and
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downward moment of the drill bit, a reciprocating piston is provided which
reciprocates inside the cylinder which is the central working part of the drill unit. It

ascends and descends accordingly with respect to the applied thrust.

5.1.2 Water Storage and Supply Unit

Fig.5.2 shows the different parts of the water storage and supply unit. It consists of
Air Vessel, Pressure Vessel, Water Tub, Water Pressure Gauge, 3 Release
Pipes,Main Valve, 2 Supply Valves, 2 Release Valves, Feed Pipe, Release Pipe
(From Pump)andsuction pipe.

To reduce acceleration heads, air vessels are used on both suction and delivery
pipes as for the satisfactory working of a reciprocating pump.The pressure inside the
cylinder at any instant must not be less than the vapour pressure of the liquid. In this
unit, a pressure vessel holds the liquid at a pressure substantially different from the
ambient pressure. If the pressure inside the cylinder is less than or equal to vapour
pressure of the fluid, then separation will occur. There are two situations of the piston
where this (separation) can happen. One is at the beginning of the suction stroke
and the other is at the end of the delivery stroke. Maximum speed in the case of
reciprocating pump is determined based on above mentioned condition, i.e.,
pressure inside the cylinder during suction and delivery stroke should not fall below

vapour pressure of the flowing fluid in the suction and delivery pipe.
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Fig.5.2 Water storage and supply unit for the experimental drill set-up
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The pressure at which separation takes place is known as separation pressure and
the head corresponding to separation pressure is called separation pressure
head.Since an air vessel is a closed chamber (cast iron closed chamber) having an
opening at its base, through which water flows into the vessel, or from the vessel,
and fitted on the suction as well as on the delivery side, near the pump cylinder to

reduce the accelerating head.

Development of acceleration head in the reciprocating pump is undesirable, since it
becomes an extra head against which the pump has to work. It is also known that
higher the speed and longer the pipe, higher is the acceleration head. However,
there is a limit to the speed with which the pump may work from the cavitation close
to the cylinder as possible. The vessel is fitted with compressed air, which can
contract or expand to absorb most of the pressure fluctuations. An air vessel in a
reciprocating pump acts like a flywheel of an engine. Whenever, the pressure rises,
water in excess of the average discharge is forced into the air vessel. As the level of
the liquid in the air vessel rises, the air held in air chamber gets compressed. When
the water pressure in the pipe falls, the compressed air ejects the excess water
out.These vessels are capable of absorbing fluctuations in pressure or velocity.lt is
assumedthat the velocity in suction and delivery pipes between air vessels and the
cylinder isfluctuating and there is a uniform velocity in pipes beyond the air vessels.
When the mean velocity of water in the suction pipes is less than the instantaneous
velocity of water in the suction pipe between the air vessel and the cylinder, the
required excess water goes out of the air vessel to the cylinder, and when the mean

velocity is more than the instantaneous velocity, the excess water goes into the air
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vessel. Similarly, for the delivery side, when the mean velocity of water is less than

the instantaneous velocity the excess water goes into the air vessel and vice versa.

5.1.3 Hydraulic Sub Unit

Fig.5.3 shows the different parts of the hydraulic pump assembly, which pumps
water from the water storage and feeds to the supply unit, which is used by the
drilling unit for applying thrust which can be controlled manually. Further, this sub
unit is one of the most important part of the drill set-up which consists of different
components which are given below:

i. Motor
i. Belt
iii.  Drive Wheel
iv.  Single Piston Pump
v.  Suction Pipe
vi. Pump Head
vii. Feed Pipe
viii.  Regulator Knob
ix. Power cord

X. Release pipe

5.2 COMPLETE SET-UP WITH DIFFERENT COMPONENTS
The whole set-up as a single assembled one with different sub components is as

shown in Fig. 5.4.

5.3 WORKING PRINCIPLE OF DRILL SET-UP

The pump and the motor operations are parallel and not dependent on each other.

The working procedure for the experimental drilling set-up is as follows:
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Vi.

Vii.

viii.

Open all the valves of the pressure vessel once and close the supply and
release valves.

Fit the drill rod to the drill chuck.

Place the sample on the wooden base and clamp the sample using the
sample holder.

Switch on the motor and pump.

Set the pressure using the main valve and the RPM using the regulator
provided.

Now open the Valve-3 (Release valve) and then Valve -1 (Supply valve).

Now the piston in the cylinder moves down thus moving the Girder down.

Thus the drill rod comes in contact with the sample and drills the rock block.

5.4 PRECAUTIONS TO BE OBSERVED

Vi.

Vii.

viii.

The drill bit should not get red hot during drilling.

Keep the hands away from the drill bit and belt during operation.

Use ear protective equipment during drilling the rock sample.

The pressure should not exceed the maximum value of the pressure
gauge.

There should not be any leakage of water through pipes and inter
connecting systems.

Qil level of the water pump should be maintained to its level.

There should not be any leakage of oil in the water pump.

The water used should be clean and without solid dirt.

Sample should be fixed tightly on the wooden base by sample holder.
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Fig.5.3 Hydraulic pump of the experimental drilling set-up
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Fig.5.4 Complete unit with different components
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5.5 COST CONSIDERATIONS AND EFFECTIVENESS OF DRILL
SETUP

The drilling setup which has been fabricated is an inexpensive and portable device.
The cost of this drilling set up is not at all significant compared to other equipment
like CNC or Jack hammer drill which has been used by other investigators in the
recent past. The overall cost of the complete set-up is only Rs. 55,000=00 which is
comparatively less than both CNC machine and that of a jack hammer drill set up.
Further, the noise emission from this drilling setup is very low (only of the order of
76dB (A)), thereby making it more suitable for this research work. Both the thrust and
RPM on this drill set up can be easily controlled making it very suitable for field
applications. Hence it can be anticipated that this set up will be a possible alternative
for estimation of physico-mechanical properties of igneous rock samples using

sound level produced during drilling in the field.
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5.6 CLOSURE

The fabricated drill set-up which produces significantly lesser noise and which is also
portable, has been discussed elaborately in this chapter with adequate emphasis
made on each and every component as far as the description and the working
procedure is concerned. Hence the set-up will be useful in the determination of
sound level produced during drilling considering the effects of drill bit diameter, and
the amount of thrust applied. The results of laboratory study could be used to predict
the physico-mechanical properties of rocks. Since the proposed method is
considerably simple and requires lesser time, it may be an economically feasible and
a better alternative method in saving the duration of time to conduct experimental
investigation and could find application in various engineering applications

particularly in geo-technical field.
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CHAPTER 6
LABORATORY INVESTIGATION

As discussed earlier, the aim of this work is to develop prediction models for the
determination of various properties of igneous rocks from sound levels produced during
rotary drilling. Hence, for the purpose of this investigation, twelve different types of
igneous rocks were collected from different parts of South India. During sample
collection, each block was inspected for macroscopic defects so that it would provide

test specimens which are free from any irregularities and defects.

6.1PREPARATION OF TEST SPECIMENS

Twelve different types of igneous rock samples were collected from different locations
spread across south India. The collected rock samples were prepared to a volumetric
size of 15 cm3. Further, these samples were macro examined to ensure that they are
free from any macroscopic defects. Figure 6.1 shows typical sized specimens of

igneous rocks used in the present study.

6.1(a) 6.1(b)
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6.1(g) _ ___6.1(h)

6.1(i) 6.1(j)
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[ GRANITE (KARNATAKA) |

6.1(k) 6.1(1)

Fig. 6.1 (a) — 6.1 (I) Rock samples used for the investigation

Below is the brief explanation for twelve types of rocks used in the study:

i. Granite grey is grayish granite formed as intrusive igneous rock with medium to
coarse grained texture. The word is derived from Granum (Latin) means grains. The
composition consists of quartz and feldspars. The other accessory minerals are mica,

apatite and magnetite.

The texture will be medium grained, polycrystalline and equi-granular and the origin is

plutonic.

ii. Aptite (Anantapur) is the name given to intrusive rock in which quartz and feldspar are
the dominant minerals. Aptites are usually very fine-grained, white, grey or pinkish in
colour and their constituents are visible only with the help of a magnifying lens. This

type of rock blocks are found at Anantapur in Andhra Pradesh state.

These are igneous rocks with plutonic origin. Fine grained texture is only the
distinguishing character because the mineral composition is as same as granite. These

rocks are basically formed from magma composition.
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iii. Felsite Mysore (also called Felstone) is a very fine grained volcanic rock that may or
may not contain larger crystals. Felsite is a field term for a light coloured rock that
typically requires petrographic examination or chemical analysis for more precise
definition. This rock is typically of volcanic origin, and may be found in association with
obsidian and rhyolite (Hosrud 2001). In some cases, it is sufficiently fine-grained for use

in making stone tools.

These types of rocks are intermediate ones, where porphyritic texture can be observed

clearly.

iv. Gabbro Greenish refers to a large group of dark, coarse-grained, intrusive mafic
igneous rocks chemically equivalent to basalt. The rocks are plutonic, formed when
molten magma is trapped beneath the earth's surface and cools into a crystalline mass.
The vast majority of the earth's surface is underlain by gabbro within the oceanic crust,

produced by basalt magmatism at mid-ocean ridges.

It is a plutonic in nature, where the essential mineral is plagioclase and accessory
minerals are mica and hypersthenes. Texture is coarse grained, where some varieties
shows porphyrytic texture. The compositions of these types of rocks are hornblende,

diorite olivine and pyroxenes.

v. Granite Pink (llakal) is a common, coarse-grained, light-colored, hard igneous rock

consisting chiefly of quartz, orthoclase or microcline and mica.
According to color index pink granite may be leucocratic (light colored) minerals.

vi. Syenite is a coarse-grained intrusive igneous rock of the same general composition

as granite but with the quartz either absent or present in relatively small amounts (<5
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%). The feldspar component of syenite is predominantly alkaline in character (usually
orthoclase). Plagioclase feldspars may be present in small quantities, less than 10%.

This type of rock exclusively available in Idapadi of Tamilnadu State.

Further compositions such as alkali feldspars, orthoclase albrite is found in dark
coloured minerals such as brotite, hornblende and augite. The accessory minerals are

ziricon, sphene.

vii. Granite Porphyry is a common andwidely occurring type of intrusive, felsic, igneous
rock which is granular and crystalline in texture. This rock consists mainly of quartz,
mica and feldspar. A granitic rock with a porphyritic texture is sometimes known as
porphyry.

These types of rocks are plutonic in origin and show porphyrytic texture where it is
characterized by the presence of conspicuously large sized crystals known as
phenocrysts which are embedded in a fine grained ground mass. These phenocrysts
occur at moderate temperature level or intermediate level with in the earth’s crusts. It is

neither because of rapid cooling nor slow cooling of magma.

viii. Basalt (Nagpur) is a common extrusive volcanic rock. It is usually grey to black in
colour and fine-grained due to the fast cooling of lava at the surface of a moon or
planet. It may be porphyritic containing larger crystals in a fine matrix, or vesicular, or
frothy scoria. Unweathered basalt is black or grey in colour. By definition, basalt is
defined as an aphanitic igneous rock that contains, by volume, less than 20 % quartz
and less than 10 % feldspathoid and where at least 65 % of the feldspar is in the form of

plagioclase (Kahramann, 2001). This type of rocks is found in Nagpur situated in
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Maharashtra State. Also, in some of the Deccan traps basaltic rocks are extensively

found in states such as Gujrat and Madhya Pradesh.
In these types of rocks we cannot observe the clear crystallization of minerals.

ix. Syenite Porphyry is a very fine grained volcanic rock containing large crystals of

phenocrysts which makes it porphyry.

These types of rocks are plutonic in origin and show porphyrytic texture where it is
characterized by the presence of conspicuously large sized crystals known as
phenocrysts which are embedded in a fine grained ground mass. These phenocrysts
occur at moderate temperature level or intermediate level with in the earth’s crusts. It is

neither because of rapid cooling nor slow cooling of magma.

x. Diorite Porphyry is a grey to dark grey intermediate intrusive igneous rock composed
principally of plagioclase feldspar (typically andesine), biotite, hornblende, and/or
pyroxene. It may contain small amounts of quartz, microcline and olivine. Zircon,
apatite, sphene, magnetite, ilmenite and sulfides occur as accessory minerals (Katz et

al., 2001). It can also be black or bluish-grey and frequently has a greenish colour.

xi. Granite (Karnataka) is intrusive, felsic, igneous rock which is granular and crystalline
in texture, found in the state of Karnataka. This rock consists mainly of quartz, mica and

feldspar. This type of rock blocks are found at Maddur in Karnataka State.

xii. Gabbro (Maddur) is a dark, coarse grained, intrusive igneous rock type. The rocks
are plutonic, formed when molten magma is trapped beneath the earth's surface and

cools into a crystalline mass.

46



6.2 DRILL BITS USED FOR DRILLING ROCK SAMPLES

Fig. 6.2 Tungsten carbide drill bits

The term drill may refer to either a drilling machine or a drill bit for use in a drilling
machine. In this thesis, for clarity, the term drill bit or bit is used to refer to a bit which is
used in a drilling machine and drill refers always to a drilling machine. The drill bit used
is made up of tungsten carbide. In the present study drill bits of three different diameters
were used i.e. 16 mm, 18 mm and 20 mm. One drill bit was used for drilling six holes
and each block facilitates six holes. Drill bits are cutting tools used to create cylindrical
holes, almost always of circular cross-section. Drill bits are available in many standard
sizes and have many uses (Miklusova et al, 2006). Bits are held in a tool called a drill,
which rotates them and provides torque and axial force to create the hole. Specialized
bits are also available for non-cylindrical-shaped holes. The shank is the part of the drill
bit grasped by the chuck of a drill. The cutting edges of the drill bit are at one end, and
the shank is at the other. In the present investigation drill bits made up of tungsten
carbide were used. Tungsten carbide bits posses’ typically high resistance to wear and
more importantly can be used at high temperatures, thereby preventing the tip of the

drill bit getting extremely hot during the course of drilling.
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6.3 DETERMINATION OF ROCK PROPERTIES

6.3.1 Compressive strength

For the measurement of uni-axial compressive strength micro controller compression
testing machine was used, the details of which was explained in the Chapter V. The
igneous rock blocks were prepared with NX-size core specifications, having a length-to-
diameter ratio of 2.5:1 as per ISRM standards (Ulusay and Hudson, 2007). Each type of
rock was represented by five core specimens. The oven-dried and NX-size core
specimens were tested for its compression strength and the average compressive
strength for different igneous rock blocks was determined, measured, which are shown

in the Table 6.1.

6.3.2 Tensile strength

The rock samples of 54 mm diameter NX-size core specimens, having a length less
than 27 mm were prepared as per ISRM standards (Ulusay and Hudson, 2007). The
cylindrical surfaces were made free from any irregularities across the thickness using
polishing machine. End faces were made flat to within 0.25 mm. The specimen was
wrapped around its periphery with one layer of the masking tape and loaded into the
Brazilian Tensile Test apparatus across its diameter. Load is applied continuously at a
constant rate such that failure occurs within 15-30 seconds. Five sample specimens
were tested and the average value was determined and tabulated as shown in the

Table 6.1.
6.3.3 Schmidt rebound number

The SRN (Schmidt Rebound Number) was determined using Schmidt Hammer. All tests
were performed with the hammer held vertically downwards and at right angles to the
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horizontal rock face (Aydin, 2009). To get schmidt hammer rebound number, ten
readings were taken on a particular rock sample and then the mean of nearer values
were used for the analysis. The basic statistical evaluations of SRN of different igneous

rocks are given in the respective Table 6.1.

6.3.4 Porosity
To determine the porosity of the rock samples, the specimens were prepared and tested
in accordance with ISRM guidelines (Ulusay and Hudson, 2007). Porosity of rocks

under study is given in Table 6.1.

6.3.5 Dry density

Density is a measure of mass per unit of volume. Density of rock material varies and is
often related to the porosity of the rock. It is sometimes defined by unit weight and
specific gravity. The density of each core sample was measured after the removal of
moisture from it. The moisture was removed by placing the samples in an electric oven
at approximately 80° C for one hour and then drying at room temperature(Ulusay and

Hudson, 2007). The density of dry sample was calculated using equation (6.1).

Mass of the sample

Dry density, p= = g/cc (6.1)

Volume
Each test was repeated five times and the average dry density of each rock samples

were calculated, which is given in Table 6.1.
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Table-6.1: The average values of physico-mechanical properties of igneous rocks

Sl. Igneous rock SL(:\J/Z? Tensile UCS | .o | Density | Porosity
No. sample (dB) strength(Mpa) | (MPa) (gmlcc) (%)
1 | Granite Grey 97.55 5.23 46.23 | 39 2.39 1.73
2 | AptiteAnathpur 98.71 5.32 46.50 | 42 2.40 1.62
3 | Felsite Mysore 101.45 5.52 47.60 | 43 2.41 1.56
4 | Gabbro Greenish 102.83 5.70 47.80 | 47 2.43 1.37
5 3;1';':2 Pink 102.71 5.93 480 | 48 | 250 | 1.33
6 | Syenite 102.75 5.95 48.1 51 2.51 1.33
7 | Granite Porphyry 106.55 6.34 51.7 | 57 2.53 1.20
8 | Basalt Nagpur 109.83 6.73 53.2 | 60 2.56 1.15
9 | Syenite Porphyry 111.7 6.81 53.9 62 2.57 0.92
10 | Diorite Porphyry 113.88 6.95 579 | 65 2.61 0.83
11 | Granite Karnataka | 117.31 9.30 77.9 72 2.91 0.56
12 | Gabbro Madduru 119.63 12.3 1026 | 78 3.30 0.25

6.3.6 Inference

From Table 6.1 it can be observed that the physico- mechanical properties of igneous

rock blocks, increases non linearly with Granite Grey measuring the lowest value of Uni

— axial compressive strength (UCS) i.e., 46.23 MPa, whereas, it was found that Gabbro

Madduru having the maximum value of 102.6 MPa. Also, the Tensile Strength of

different igneous rock blocks considered in the present investigation measures the

lowest value of 5.23 MPa for Granite Grey and 12.3 MPa for GrabbroMadduru. Further,

the values of SRN and Density measurements are 39 and 2.39 gm/cc for Granite Grey,

where as 78 and 3.30 gm/cc for Gabbro Madduru respectively. The values of Porosity

decreases from 1.73% to 0.25% for different igneous rock blocks.
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It is also significant to mention that the sound level of 97.55 dB(A) was measured with
respect to Granite Grey, Where as for Gabbro Madduru was measured with the value of
119.63 dB(A). Hence, it is significant to mention that there is a total difference of 22.08
dB (A) between the rock blocks with lowest UCS of 46.23 MPa and 102.6 MPa of
highest UCS. Hence, it can be concluded that rock blocks having highest Tensile
Strength, Uni-axial Compressive Strength and Schimdt Rebound Number values
generate more degree of sound compared with rock blocks having low physic-
mechanical property, irrespective of the drill bit parameters used such as dill bit
diameter, thrust etc., in the present investigation. Further, it can also be noticed there is
very slight variation of sound level of the order of 0.05 dB (A) between Granite Pink
Mysore and Syenite rock blocks. Whereas for Granite Karnataka and Diorite Porphyry
there is the maximum difference of sound level measurement of the order of 3.43 dB(A).
Also, Gabbro Madduru with highest UCS of 102.6 MPa is having sound level of 2.32 dB
(A) greater than Granite Karnataka, where both these type of rock blocks are available
in Karnataka state. Hence it can be suggested that these two rock blocks may be useful
in different engineering applications, where high amount of hardness and strength is

necessary.

6.4 OPERATING PROCEDURE FOR THE DRILLING SET-UP

The construction and working principle of drill set has been explained in Chapter IV. The
drill consists of one hydraulic pump and a motor which operates in parallel and not

dependent on each other. The drill machine was operated in the following sequence:

« Initially all the valves of the pressure vessel were opened, and supply and release

valves were closed.
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« The drill rod was attached to the drill chuck.

« The rock sample was placed on the wooden base and it is clamped using the
sample holder.

« The motor and the pump were switched on.

» The thrust was controlled using the main valve and the RPM was regulated using a
regulator.

« Once the required thrust and RPM have been attained, release valve (i.e. valve-3)
and supply valve (i.e. valve-1) are opened.

« By doing this piston in the cylinder descends down thus moving the Girder down.

« Now drill rod will come in contact with the surface of the rock sample and drills the

rock.

6.4.1 Precautions adopted while drilling

« Turning of the drill bit getting red hot was avoided.

« Ear plugs were used while drilling.

« It was ensured that pressure was not exceeded beyond the maximum value of
the pressure gauge.

« Leakage of water through pipes and inter connecting systems was avoided.

« OQil level of the water pump was maintained to appropriate level.

« Leakage of oil in the water pump was avoided.

» It was ensured the water used is clean and free from solid dirt.

« The rock block was fixed firmly on the wooden base using sample holder to avoid

slipping of rock block during drilling operation.

6.5 MEASUREMENT OF SOUND LEVELS
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For measurement of sound levels 'Spark 706' (from Larson Dauvis, Inc., USA) dosimeter
was used. The microphone of the dosimeter was held at a distance of 1.5 cm from the
drill rod, near the rock surface. Cushioning was provided for the drill machine to prevent

any noise generation from the floor due to the vibration of drill machine.

Before starting the experiment, sound level was measured six times to ensure whether
there is any significant variation in the noise generated from the drill machine. The noise
level measurements thus taken indicated that the equipment produced sound of
consistent value for all the six measurements taken 1.5 cm from the drilling machine.
Equivalent sound level of the room environment measured was 55 dB and that of

Portable Rotary Drill Machine was 76 dB.

It may be argued that sound produced from the Portable Rotary Drill Machine itself may
affect the sound level measurement during rock drilling. It is important to mention here
that if the sound level difference between two sources is more than 10 dB, then the total
sound level will remain the same as that of the higher source (Hosrud 2001). Further,
taking the measurement very close to the source will reduce the effect of sound

produced from other sources.

6.6 SELECTION OF DRILL PARAMETERS

The drilling parameters were fixed after a number of trial runs of the drill machine.
Drilling was carried out at 280, 290 and 300 rpm for four different thrusts i.e. 15, 18, 20
and 25 kg/cm?2. Four different diameter of drill bits were selected i.e. 6 mm, 8 mm, 10

mm and 16 mm for trial run, for shank lengths of 150 mm and 200 mm.
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During drilling it was found that the drill bits of diameters lesser than 16 mm was turning
to red hot and was unable to withstand the heat. Hence, the minimum diameter of drill
rod selected for the present study was 16 mm. In addition to this two more drill bits of
diameters 18 mm and 20 mm are also considered. This minimum diameter of drill rod
was determined to ensure more number of drill holes on each rock sample/block.
Among two shanks i.e. 150 mm and 200 mm lengths, it was concluded to select 200
mm shank in the present study, as it reduce the time required for one complete cycle of
drilling. Further, this length was more suitable for the drilling machine as well as for the

size of rock blocks selected.

Among three drill speeds i.e. 280, 290 and 300 rpm there was not much variation in the
sound levels and the measured values were found to be almost consistent. Hence, in
the present study 300 rpm was kept constant for all the trials i.e. different combination of

drill parameters for different types of rocks.

6.7 EXPERIMENTAL PROCEDURE

A well prepared rock sample was placed over the wooden base of the Portable Rotary
Drill Machine and firmly tightened with a pair of sample holders. For each rock block six
vertical holes were drilled by keeping drill bit speed constant at 300 rpm. This was
repeated for all three drill rods of diameters 16 mm, 18 mm and 20 mm by varying thrust
at four stages i.e. 15, 18, 20 and 25 kg/cm?. The sound levels were recorded precisely
using dosimeter during drilling. For each rock sample six readings were recorded for
one combination of drill diameter and thrust. Once the drill bits were found to be worn

out, it was replaced with a new one, so as to ensure consistent in drilling. This
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procedure was repeated for all the rock samples/rock blocks which are under

investigation.

The sound level data captured by the dosimeter for each rock sample was transferred to
the computer system and was analysed using Blaze Software. The equivalent sound
level of each hole measured/recorded by the dosimeter for different rock types is given

in Tables 6.2 to 6.13.

The arithmetic average of each set of six measurements was computed to yield the
average A-weighted equivalent sound level for a particular rock block and tabulated with
respect to different physico mechanical properties. It was found that the recorded

equivalent sound levels were almost consistent.

6.8 RESULTS AND DISCUSSION

6.8.1 Experimental Values With 16 mm Drill Bit and 15 Kg/cm? Thrust

Table-6.2: Equivalent sound levels (Leq) with 16 mm diameter drill rod at 15

kg/cm? thrust

:(') Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Save(dB)
1 | Granite Grey 96.0 952 | 958 | 956 | 95.7 | 95.2 | 95.58
2 | AptiteAnantapur 98.5 97.9 98.6 | 98.3 98.7 | 98.6 | 98.43
3 | Felsite Mysore 100.1 | 100.1 | 100.2 | 100.1 | 100.0 | 100.1 | 100.1
4 | Gabbro Greenish. 101.6 | 101.5 | 101.3 | 101.1 | 101.1 | 101.3 | 101.3
5 | Granite Pink Mysore | 101.9 | 101.8 | 101.7 | 101.6 | 101.6 | 101.7 | 101.7
6 | Syenite 102.0 | 102.2 | 102.0 | 102.3 | 102.3 | 102.0 | 1021
7 | Granite Porphyry 105.6 | 105.5 | 105.6 | 105.6 | 105.6 | 105.5 | 105.5
8 | Basalt Nagpur 109.1 | 109.2 | 109.2 | 109.2 | 109.1 | 109.0 | 109.1
9 | Syenite Porphyry 110.8 | 110.9 | 110.9 | 110.6 | 110.6 | 110.9 | 110.7
10 | Diorite Porphyry 113.3 | 113.2 | 113.1 | 113.3 | 113.0 | 113.1 | 1131
11 | Granite Karnataka 116.5 | 116.5 | 116.2 | 116.2 | 116.1 | 116.2 | 116.2
12 | Gabbro Madduru 118.8 | 1189 | 118.7 | 118.7 | 118.6 | 118.9 | 118.7
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From the above table 6.2 for the drill bit parameters of 16 mm dia meter and thrust of 15
kg/cm?it was observed that Granite Grey has a least A weighted sound level of 95.58
dB(A), where as the maximum average A weighted sound level measurement of 118.7
dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby
measuring a difference of 23.12 dB(A) between the rock block of maximum Uni — axial
compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.

Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.3 Sound Level Vs rock type for 16 mm diameter drill rod at 15 kg/cm? thrust
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6.8.2 Experimental Values With 16 mm Drill Bit and 18 Kg/cm? Thrust

Table-6.3: Equivalent sound levels (Leq) with 16 mm diameter drill rod at 18

kg/cm? thrust
ri') Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Save(dB)
1 | Granite Grey 961 | 953 | 959 | 959 | 958 | 956 |95.76667
2 | AptiteAnantapur | 987 | 982 | 987 | 984 | 988 | 987 |98.58333
3 | Felsite Mysore 100.3 | 100.3 | 100.3 | 100.3 | 100.1 | 100.3 | 100.2667
4 | Gabbro Greenish. | 101.7 | 101.6 | 101.5 | 101.3 | 101.3 | 101.5 | 101.4833
5 | Granite Pink 102.1 | 101.9 | 101.8 | 101.7 | 101.7 | 101.8 | 101.8333
Mysore
6 | Syenite 102.2 | 102.3 | 1021 | 102.4 | 102.3 | 102.2 | 102.25
7 | Granite Porphyry 105.7 | 105.6 | 105.8 | 105.7 | 105.7 | 105.6 | 105.6833
8 | Basalt Nagpur 109.3 | 109.3 | 109.3 | 109.3 | 109.3 | 109.2 | 109.2833
9 | Syenite Porphyry | 110.9 | 1111 | 111.1 | 110.7 | 110.7 | 1111 | 110.9333
10 | Diorite Porphyry | 1135 | 113.3 | 113.2 | 113.4 | 113.3 | 1132 | 113.3167
11 | Granite Karnataka | 116.7 | 116.7 | 116.3 | 116.3 | 116.3 | 116.3 | 116.4333
12 | Gabbro Madduru | 118.9 | 118.7 | 118.8 | 118.9 | 119.1 | 119.1 | 118.9167

From the above table 6.3 for the drill bit parameters of 16 mm dia meter and thrust of 18

kg/cm?it was observed that Granite Grey has a least A weighted sound level of 95.76

dB(A), where as the maximum average A weighted sound level measurement of 118.91

dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby

measuring a difference of 23.15 dB(A) between the rock block of maximum Uni — axial

compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.

Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.4 Sound Level Vs rock type for 16 mm diameter drill rod at 18 kg/cm? thrust
6.8.3 Experimental Values With 16 mm Drill Bit and 20 Kg/cm? Thrust

Table-6.4: Equivalent sound levels (Leq) with 16 mm diameter drill rod at 20

kg/cm? thrust
::, Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Savs(dB)
1 | Granite Grey 97.3 97.3 97.3 97.2 97.4 97.2 97.28
2 | AptiteAnantapur 99.1 98.7 98.3 98.8 98.7 98.9 98.75
3 | Felsite Mysore 100.5 | 101.6 | 100.8 | 100.8 | 100.7 | 100.8 | 100.86
4 | Gabbro Greenish. 1021 | 1019 | 1019 | 1016 | 101.7 | 101.6 101.8
5 | Sranite Pink 1025 | 102.4 | 102.5 | 102.6 | 102.7 | 102.4 | 102.51
Mysore

6 | Syenite 102.6 | 102.6 | 102.7 | 102.7 | 102.8 | 102.7 | 102.68
7 | Granite Porphyry 105.9 | 105.9 | 1059 | 105.9 | 106.2 | 106.3 | 106.01
8 | Basalt Nagpur 109.7 | 109.9 | 109.9 | 110.0 | 110.3 | 109.8 | 109.93
9

Syenite Porphyry 113 | 1114 | 1115 | 1114 | 1116 | 1116 | 111.46

10 | Diorite Porphyry 113.6 | 113.7 | 113.7 | 113.8 | 113.7 | 113.9 | 113.73

11 | Granite Karnataka | 117.0 | 117.1 | 1169 | 1171 | 116.9 | 116.9 | 116.98

12 | Gabbro Madduru 1193 | 1194 | 1194 | 1193 | 119.2 | 119.3 | 119.31

From the above table 6.4 for the drill bit parameters of 16 mm dia meter and thrust of 20

kg/cm?it was observed that Granite Grey has a least A weighted sound level of 97.28
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dB(A), where as the maximum average A weighted sound level measurement of 119.31
dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby
measuring a difference of 22.03 dB(A) between the rock block of maximum Uni — axial
compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.

Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.5 Sound Level Vs rock type for 16 mm diameter drill rod at 20 kg/cm? thrust
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6.8.4 Experimental Values With 16 mm Drill Bit and 25 Kg/cm? Thrust

Table-6.5: Equivalent sound levels (Leq) with 16 mm diameter drill rod at 25

kg/cm? thrust
:cl). Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Savs(dB)
1 | Granite Grey 97.0 97.1 96.9 | 97.2 | 97.3 | 979 | 97.23
2 | AptiteAnantapur 98.9 98.5 98.0 | 98.7 | 98.6 | 98.69 | 98.56
3 | Felsite Mysore 100.2 | 101.5 | 100.6 | 100.6 | 100.5 | 100.6 | 100.6
4 | Gabbro Greenish. 101.9 | 101.8 | 101.7 | 101.5 | 101.6 | 101.5 | 101.6
5 | Granite Pink Mysore | 102.3 | 102.3 | 102.3 | 102.5 | 102.5 | 102.2 | 102.3
6 | Syenite 102.5 | 102.5 | 102.6 | 102.6 | 102.6 | 102.5 | 102.5
7 | Granite Porphyry 105.8 | 105.7 | 105.7 | 105.8 | 105.9 | 106.0 | 105.8
8 | Basalt Nagpur 109.6 | 109.8 | 109.8 | 109.9 | 109.9 | 109.7 | 109.7
9 | Syenite Porphyry 110 | 1112 [ 1113 | 1113 | 1115 | 1115 | 111.3
10 | Diorite Porphyry 1135 | 1136 | 113.6 | 113.6 | 113.5 | 113.7 | 113.5
11 | Granite Karnataka 116.9 | 1169 | 116.8 | 116.9 | 116.8 | 116.7 | 116.8
12 | Gabbro Madduru 119.1 | 119.2 | 119.2 | 119.0 | 119.1 | 119.1 | 119.1
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Fig. 6.6 Sound Level Vs rock type for 16 mm diameter drill rod at 25 kg/cm? thrust
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From the above table 6.5 for the drill bit parameters of 16 mm dia meter and thrust of 25
kg/cm?it was observed that Granite Grey has a least A weighted sound level of 97.23
dB(A), where as the maximum average A weighted sound level measurement of 119.1
dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby
measuring a difference of 21.87 dB(A) between the rock block of maximum Uni — axial
compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.
Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.

6.8.5 Experimental Values With 18 mm Drill Bit and 15 Kg/cm? Thrust

Table-6.6: Equivalent sound levels (Leq) with 18 mm diameter drill rod at 15

kg/cm? thrust
:’(')'_ Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Savc(dB)
1 | Granite Grey 96.9 96.3 |96.1 |96.2 |96.3 |96.0 |96.3
2 | AptiteAnantapur 98.8 989 |98.7 |98.3 |98.7 |99.3 |98.78
3 | Felsite Mysore 100.5 100.6 | 100.7 | 100.6 | 100.5 | 100.7 | 100.6
4 | Gabbro Greenish. 101.8 101.7 | 101.7 | 101.7 | 101.7 | 101.9 | 101.6
5 | Granite Pink Mysore | 102.3 102.2 [ 102.0 | 102.0 | 102.2 | 102.2 | 102.1
6 | Syenite 102.5 102.6 | 102.6 | 102.6 | 102.7 | 102.5 | 102.5
7 | Granite Porphyry 105.9 106.0 | 106.0 | 105.9 | 105.8 | 105.7 | 105.8
8 | Basalt Nagpur 109.3 109.5 [ 109.3 | 109.6 | 109.6 | 109.3 | 109.4
9 | Syenite Porphyry 111.0 1113 [ 1113 | 111.0 | 111.2 | 111.2 | 1111
10 | Diorite Porphyry 113.5 113.6 | 113.5 | 113.6 | 113.6 | 113.6 | 113.5
11 | Granite Karnataka 116.8 116.9 | 116.9 | 116.8 | 116.9 | 116.8 | 116.8
12 | Gabbro Madduru 119.0 119.1 | 119.1 | 119.1 | 119.2 | 119.0 | 119.0

From the above table 6.6 for the drill bit parameters of 18 mm dia meter and thrust of 15

kg/cm?it was observed that Granite Grey has a least A weighted sound level of 96.3
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dB(A), where as the maximum average A weighted sound level measurement of 119.0

dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby

measuring a difference of 22.7 dB(A) between the rock block of maximum Uni — axial

compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.

Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.7 Sound Level Vs rock type for 16 mm diameter drill rod at 15 kg/cm? thrust

6.8.6 Experimental Values With 18 mm Drill Bit and 18 Kg/cm? Thrust

Table-6.7: Equivalent sound levels (Leq) with 18 mm diameter drill rod at 18

kg/cm? thrust
,i') Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Savc(dB)
1 | Granite Grey 97.1 964 | 964 | 96.3 | 964 | 96.2 96.46
2 | AptiteAnantapur 98.8 99.2 | 988 | 985 | 98.8 | 99.5 98.93
3 | Felsite Mysore 100.7 | 100.8 | 100.9 | 100.7 | 100.7 | 100.9 | 100.78
4 | Gabbro Greenish. 1019 | 101.8 | 101.8 | 101.8 | 101.8 | 101.9 | 101.83
5 | Granite Pink Mysore | 102.5 | 102.3 | 102.3 | 102.1 | 102.3 | 102.4 | 102.3
6 | Syenite 102.7 | 102.7 | 102.7 | 102.7 | 102.8 | 102.7 | 102.7
7 | Granite Porphyry 106.2 | 106.3 | 106.3 | 106.2 | 105.9 | 105.8 | 105.45
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8 | Basalt Nagpur 109.5 | 109.6 | 109.4 | 109.8 | 109.8 | 109.4 | 109.58
9 | Syenite Porphyry 1M11.2 | 1115 | 1114 | 1113 | 1113 | 111.3 | 111.33
10 | Diorite Porphyry 113.6 | 113.7 | 113.6 | 113.7 | 113.7 | 113.8 | 113.68
11 | Granite Karnataka 1169 | 1171 | 1171 | 116.9 | 1171 | 116.9 | 116.5
12 | Gabbro Madduru 1193 | 1193 | 119.2 | 1193 | 119.2 | 119.2 | 119.25

From the above table 6.7 for the drill bit parameters of 18 mm dia meter and thrust of 18

kg/cm?it was observed that Granite Grey has a least A weighted sound level of 96.46

dB(A), where as the maximum average A weighted sound level measurement of 119.25

dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby

measuring a difference of 22.79 dB(A) between the rock block of maximum Uni — axial

compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.

Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.8 Sound Level Vs rock type for 18 mm diameter drill rod at 18 kg/cm? thrust
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6.8.7 Experimental Values With 18 mm Drill Bit and 20 Kg/cm? Thrust

Table-6.8: Equivalent sound levels (Leq) with 18 mm diameter drill rod at 20

kg/cm? thrust

;’L Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Save(dB)
1 | Granite Grey 97.3 97.8 97.8 | 976 | 97.7 | 97.1 97.55
2 | AptiteAnantapur 99.0 99.1 98.5 98.4 98.8 | 98,5 | 98.71
3 | Felsite Mysore 101.3 | 1015 | 101.3 | 101.3 | 101.6 | 101.7 | 101.45
4 | Gabbro Greenish. 102.1 | 1024 | 102.6 | 102.5 | 102.5 | 102.2 | 102.83
5 | Granite Pink Mysore | 102.7 | 102.8 | 102.6 | 102.7 | 102.7 | 102.8 | 102.71
6 | Syenite 102.9 | 102.9 | 102.9 | 102.8 | 102.1 | 102.9 | 102.75
7 | Granite Porphyry 106.3 | 106.5 | 106.4 | 106.5 | 106.7 | 106.9 | 106.55
8 | Basalt Nagpur 110.1 | 109.9 | 109.8 | 110.0 | 109.7 | 109.8 | 109.83
9 | Syenite Porphyry 118 | 111.7 | 1116 | 1116 | 111.7 | 111.8 | 111.7
10 | Diorite Porphyry 1139 | 1138 | 1139 | 1139 | 113.9 | 113.9 | 113.88
11 | Granite Karnataka 1171 | 1173 | 117.3 | 1174 | 117.5 | 117.3 | 117.31
12 | Gabbro Madduru 119.7 | 119.7 | 119.7 | 1195 | 119.7 | 119.5 | 119.63

From the above table 6.8 for the drill bit parameters of 18 mm dia meter and thrust of 20
kg/cm?it was observed that Granite Grey has a least A weighted sound level of 97.55
dB(A), where as the maximum average A weighted sound level measurement of 119.63
dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby
measuring a difference of 22.08 dB(A) between the rock block of maximum Uni — axial
compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.
Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.9 Sound Level Vs rock type for 18 mm diameter drill rod at 20 kg/cm? thrust
6.8.8 Experimental Values With 18 mm Drill Bit and 25 Kg/cm? Thrust

Table-6.9: Equivalent sound levels (Leq) with 18 mm diameter drill rod at 25

kg/cm? thrust

3(') Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Savs(dB)
1 | Granite Grey 97.2 97.6 97.5 97.3 97.5 97.0 97.35
2 | AptiteAnantapur 98.9 | 989 | 98.2 | 98.1 98.7 | 98.3 98.5
3 | Felsite Mysore 101.0 | 101.3 | 101.1 | 101.1 | 101.5 | 101.5 | 101.25
4 | Gabbro Greenish. 102.0 | 102.2 | 102.3 | 102.3 | 102.3 | 102.0 | 102.1
5 | Granite Pink Mysore | 102.6 | 102.7 | 102.5 | 102.5 | 102.5 | 102.6 | 102.5
6 | Syenite 102.8 | 102.7 | 102.7 | 102.7 | 102.8 | 102.8 | 102.7
7 | Granite Porphyry 106.2 | 106.3 | 106.3 | 106.3 | 106.5 | 106.7 | 106.3
8 | Basalt Nagpur 109.9 | 109.8 | 109.7 | 109.9 | 109.6 | 109.6 | 109.7
9 | Syenite Porphyry 1116 | 1115 | 1115 | 1115 | 1116 | 111.7 | 1115
10 | Diorite Porphyry 113.8 | 113.7 | 113.7 | 113.7 | 113.8 | 113.8 | 113.7
11 | Granite Karnataka 170 | 117.2 | 1171 | 117.2 | 1173 | 117.2 | 1171
12 | Gabbro Madduru 119.5 | 119.6 | 119.5 | 1193 | 1196 | 119.3 | 1194

From the above table 6.9 for the drill bit parameters of 18 mm dia meter and thrust of 25
kg/cm?it was observed that Granite Grey has a least A weighted sound level of 97.35
dB(A), where as the maximum average A weighted sound level measurement of 119.40
dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby
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measuring a difference of 22.05 dB(A) between the rock block of maximum Uni — axial
compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.
Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.10 Sound Level Vs rock type for 18 mm diameter drill rod at 25 kg/cm?
thrust

6.8.9 Experimental Values With 20 mm Drill Bit and 15 Kg/cm? Thrust

Table-6.10: Equivalent sound levels (Leq) with 20 mm diameter drill rod at 15

kg/cm? thrust

:cI; Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Save(dB)
1 | Granite Grey 96.8 96.1 |97.0 (972 |97.3 |96.9 |96.88
2 | AptiteAnantapur 98.9 98.3 995 (996 [99.1 |99.2 |99.1
3 | Felsite Mysore 101.0 100.9 | 101.0 | 100.9 | 101.1 | 101.3 | 101

4 | Gabbro Greenish. 102.0 102.0 | 102.3 | 102.3 | 102.3 | 102.0 | 102.1
5 | Granite Pink Mysore | 102.3 102.5 | 102.5 | 102.6 | 102.6 | 102.5 | 102.5
6 | Syenite 102.7 102.8 | 102.8 | 102.7 | 102.8 | 102.7 | 102.7
7 | Granite Porphyry 106.2 106.1 | 106.6 | 106.6 | 106.5 | 106.5 | 106.4
8 | Basalt Nagpur 109.8 109.7 | 109.7 | 109.8 | 109.8 | 109.7 | 109.7
9 | Syenite Porphyry 111.5 111.5 | 1116 | 1115 | 1115|1116 | 111.5

66




10 | Diorite Porphyry 113.7 113.7 | 113.8 | 113.8 | 113.8 | 113.7 | 113.7

11 | Granite Karnataka 117.0 M7 | 117.2 | 1171 | 117.2 | 117.0 | 1171

12 | Gabbro Madduru 119.5 119.3 | 119.5 | 119.5 | 119.3 | 119.5 | 1194
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Fig. 6.11 Sound Level Vs rock type for 20 mm diameter drill rod at 15 kg/cm?
thrust

From the above table 6.10 for the drill bit parameters of 20 mm dia meter and thrust of
15 kg/cm?it was observed that Granite Grey has a least A weighted sound level of 96.88
dB(A), where as the maximum average A weighted sound level measurement of 119.40
dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby
measuring a difference of 22.52 dB(A) between the rock block of maximum Uni — axial
compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.
Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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6.8.10 Experimental Values With 20 mm Drill Bit and 18 Kg/cm? Thrust

Table-6.11: Equivalent sound levels (Leq) with 20 mm diameter drill rod at 18

kg/cm? thrust

;’L Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Save(dB)
1 | Granite Grey 969 | 964 | 96.3 | 971 | 97.5 | 97.1 96.88
2 | AptiteAnantapur 99.2 98.5 | 996 | 99.7 | 99.3 | 993 99.3
3 | Felsite Mysore 101.3 | 101.1 | 101.3 | 101.1 | 101.3 | 101.5 | 101.26
4 | Gabbro Greenish. 102.2 | 102.2 | 102.5 | 102.5 | 102.4 | 102.3 | 102.35
5 | Granite Pink Mysore 102.5 | 102.6 | 102.6 | 102.7 | 102.8 | 102.6 | 102.63
6 | Syenite 102.9 | 102.9 | 102.9 | 102.8 | 102.9 | 102.9 | 102.88
7 | Granite Porphyry 106.3 | 106.3 | 106.7 | 106.8 | 106.6 | 106.7 | 106.56
8 | Basalt Nagpur 109.9 | 109.8 | 109.9 | 109.9 | 109.9 | 109.8 | 109.86
9 | Syenite Porphyry 11.7 | 1116 | 1117 | 1116 | 111.7 | 111.7 | 111.66
10 | Diorite Porphyry 113.8 | 113.8 | 1139 | 113.9 | 113.9 | 113.9 | 113.86
11 | Granite Karnataka 1171 | 1173 | 117.3 | 117.3 | 117.3 | 117.2 | 117.25
12 | Gabbro Madduru 119.7 | 119.5 | 119.7 | 119.7 | 119.6 | 119.7 | 119.65

From the above table 6.11 for the drill bit parameters of 20 mm dia meter and thrust of
18 kg/cm?it was observed that Granite Grey has a least A weighted sound level of 96.88
dB(A), where as the maximum average A weighted sound level measurement of 119.65
dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby
measuring a difference of 22.77 dB(A) between the rock block of maximum Uni — axial
compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.
Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.12 Sound Level Vs rock type for 20 mm diameter drill rod at 18 kg/cm?
thrust

6.8.11 Experimental Values With 20 mm Drill Bit and 20 Kg/cm? Thrust

Table-6.12: Equivalent sound levels (Leq) with 20 mm diameter drill rod at 20

kg/cm? thrust

:(') Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Savs(dB)
1 | Granite Grey 97.9 96.3 96.3 | 97.8 | 98.1 | 97.2 | 97.26
2 | AptiteAnantapur 99.7 99.8 99.8 | 995 | 99.7 | 99.7 99.7
3 | Felsite Mysore 1019 | 101.8 | 101.9 | 102.1 | 101.9 | 101.8 | 101.9
4 | Gabbro Greenish. 102.6 | 103.1 | 102.9 | 102.3 | 102.5 | 102.7 | 102.68
5 | Granite Pink Mysore 103.1 | 103.1 | 102.9 | 103.1 | 102.9 | 103.0 | 103.01
6 | Syenite 103.1 | 103.0 | 102.9 | 103.1 | 103.1 | 102.9 | 103.01
7 | Granite Porphyry 106.9 | 107.1 | 107.0 | 107.2 | 106.8 | 106.9 | 106.98
8 | Basalt Nagpur 110.1 | 110.2 | 110.1 | 110.3 | 110.3 | 110.5 | 110.25
9 | Syenite Porphyry 1119 | 1121 | 1121 | 1121 | 1116 | 111.9 | 111.95
10 | Diorite Porphyry 114.0 | 114.1 | 113.9 | 113.9 | 114.0 | 114.1 114
11 | Granite Karnataka 1176 | 117.7 | 117.7 | 117.8 | 117.7 | 117.6 | 117.68
12 | Gabbro Madduru 119.9 | 119.8 | 119.9 | 120.0 | 119.9 | 119.9 | 119.9

From the above table 6.12 for the drill bit parameters of 20 mm dia meter and thrust of
20 kg/cm?it was observed that Granite Grey has a least A weighted sound level of 97.26

dB(A), whereas the maximum average A weighted sound level measurement of 119.9
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dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby

measuring a difference of 22.64 dB(A) between the rock block of maximum Uni — axial

compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.

Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.13 Sound Level Vs rock type for 20 mm diameter drill rod at 20 kg/cm?

thrust

6.8.12 Experimental Values With 20 mm Drill Bit and 25 Kg/cm? Thrust

Table-6.13: Equivalent sound levels (Leq) with 20 mm diameter drill rod at 25

kg/cm? thrust

:(') Material S1(dB) | S2(dB) | S3(dB) | S4(dB) | S5(db) | S6(dB) | Save(dB)
1 | Granite Grey 97.8 96.2 | 976 | 97.8 | 979 | 97.0 | 97.38
2 | AptiteAnantapur 99.5 99.7 | 99.7 | 99.3 | 99.6 | 99.5 | 99.55
3 | Felsite Mysore 101.8 | 101.7 | 101.7 | 101.9 | 101.8 | 101.6 | 101.75
4 | Gabbro Greenish. 102.5 | 102.9 | 102.8 | 102.2 | 102.3 | 102.5 | 102.53
5 | Granite Pink Mysore 102.9 | 102.9 | 102.8 | 102.9 | 102.7 | 102.9 | 102.8
6 | Syenite 102.9 | 102.9 | 102.8 | 102.9 | 102.9 | 102.8 | 102.8
7 | Granite Porphyry 106.8 | 106.9 | 106.9 | 106.9 | 106.7 | 106.7 | 106.8
8 | Basalt Nagpur 110.0 | 110.1 | 110.0 | 110.1 | 110.1 | 110.3 | 110.1
9 | Syenite Porphyry 118 | 1119|1119 | 1119 | 111.8 | 111.7 | 111.8
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10 | Diorite Porphyry 1139 | 1139 | 113.8 | 113.8 | 113.9 | 113.9 | 113.8

11 | Granite Karnataka 117.5 1175 | 1176 | 1176 | 1176 | 117.5 | 1175

12 | Gabbro Madduru 119.8 | 119.7 | 119.8 | 1199 | 119.8 | 119.8 | 119.8

From the above table 6.13 for the drill bit parameters of 20 mm dia meter and thrust of
25 kg/cm?it was observed that Granite Grey has a least A weighted sound level of 97.38
dB(A), where as the maximum average A weighted sound level measurement of 119.8
dB(A) was recorded for igneous rock block namely Gabbro Madduru, thereby
measuring a difference of 22.42 dB(A) between the rock block of maximum Uni — axial
compressive strength (UCS) of 102.6 MPa and the minimum UCS of 46.23 MPa.
Whereas the Tensile Strength was found to be 5.23 MPa and 12.3 MPa for respective

igneous rock blocks.
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Fig. 6.14 Sound Level Vs rock type for 20 mm diameter drill rod at 25 kg/cm?
thrust
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Fig 6.15 : Sound Level measurement using Portable Drill Setup by considering
drill bit diameter 18 (mm) and Thrust Pressure 20(kg/cm?) V/s Tensile Strength.
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Fig 6.16: Sound Level measurement using Portable Drill Setup by considering
drill bit diameter 18 (mm) and Thrust Pressure 20(kg/cm?) V/s UCS.
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Fig 6.17: Sound Level measurement using Portable Drill Setup by considering
drill bit diameter 18 (mm) and Thrust Pressure 20(kg/cm?) V/s SRN.
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Fig 6.18: Sound Level measurement using Portable Drill Setup by considering
drill bit diameter 18 (mm) and Thrust Pressure 20(kg/cm?) V/s Density.
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Fig 6.19: Sound Level measurement using Portable Drill Setup by considering
drill bit diameter 18 (mm) and Thrust Pressure 20(kg/cm?) V/s Porosity.
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Fig 6.20: Sound Level measurement using Portable Drill Setup by considering
drill bit diameter 18 (mm) and Thrust Pressure 20(kg/cm?) V/s Different
Mechanical Properties.
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6.9 INFERENCE

From the figures shown above, it can be observed that A-weighted equivalent sound
level produced during drilling process increases non linearly as the mechanical
properties like UCS, SRN, Density, porosity and Tensile strength of the igneous rock
increases. This may be due to increase in resistance offered against drilling. Further It
may be argued that sound produced from the fabricated drill set up itself may affect the
sound level measurement during rock drilling. It is important to mention here that the
motor used in the set-up is noiseless with negligible sound level and hence do not have

any impact on the equivalent sound level measurements.
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CHAPTER 7

MATHEMATICAL MODELLING

7.1 INTRODUCTION

In statistics, regression analysis is a statistical process for the estimation and the
determination of relationship among variables (Finol et al). It consists many
techniques for modeling and analyzing several variables, when the main aim is on
the relationship between a dependent variable and one or more independent
variables. The regression analysis helps to understand how the typical value of the
dependent variable (or ‘criterion variable') changes when any one of the independent
variable is varied, while the other independent variables are kept constant. Most
commonly, regression analysis determines the conditional expectation of the
dependent variable when the independent variables are known. In all instances, the
estimation target is a function of the independent variables called the regression
function. In regression analysis, it is also possible to characterize the variation of the
dependent variable around the regression function which can be described by

a probability distribution.

Most common application of regression analysis is for prediction and forecasting. It is
also used to know which among the independent variables are related to the
dependent variable, and determination of different forms of these relationships.
There are many techniques for carrying out regression analysis, among them linear
regression and ordinary least squares regression are significant, where regression
function is defined in terms of a finite number of unknown parameters, that are

estimated from the available data. In practice, the performance of regression
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analysis methods depends on the form of the data generating process, and how it
depends on the regression approach being followed. Since the actual form of the
data-generating process is generally not known, regression analysis often depends
to some extent on making assumptions about this process. These assumptions are
sometimes testable if a sufficient quantity of data is known. Regression models for
prediction are often applicable even when the assumptions are moderately violated,
although they may not perform optimally. However, in certain applications with
small effects or questions of causality based on observational data, regression

methods can give misleading results.

7.2 UNKNOWN PARAMETERS
In various fields of engineering application, different terminologies are used in place

of dependent and independent variables.

The unknown parameters, denoted as 3, which may represent a scalaror

a vector.
The independent variables X.
The dependent variable Y.

A regression model relates ‘Y’ to a function of X’ and ‘B’ can be represented as

shown in equation 7.1
Y » f (X, B) e 11

To carry out regression analysis, the form of the function ‘f must be specified.
Sometimes the form of this function is based on knowledge about the relationship
between Y and X that does not rely on the data. If no such knowledge is available, a

flexible or convenient form for f is chosen.
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In order to perform a regression analysis it is necessary to provide information about

the dependent variable Y.

If N is the number of measurements and K being the number of unknown
parameters, if Ndatais of the form (Y, X), where N < K, most classical approaches
to regression analysis cannot be performed, since the system of equations
defining the regression model is underdetermined, as sufficient data is

unavailable to recover 3.

If exactly N= K data points are observed, and the function fis linear, the
equations Y = f(X, B) can be solved exactly rather than approximately. This
reduces to solving a set of N equations with N unknowns (the elements of B),
which has a unique solution as long as the X are linearly independent. If fis

nonlinear, a solution may not exist, or many solutions may exist.

The most common situation is where N > K data points are observed. In this
case, there is enough information in the data to estimate a unique value for 8 that
best fits the data in some sense, and the regression model when applied to the

data can be viewed as an over determined system in 3.
In the last case, the regression analysis provides the tools for:

1. Finding a solution for unknown parameters B that will, for example, minimize
difference between the measured and predicted values of the dependent

variable Y (also known as method of least squares).

2. Under certain statistical assumptions, the regression analysis may use the
surplus information to provide statistical information about the unknown

parameters 3 and predicted values of the dependent variable Y.
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7.3 NECESSARY NUMBER OF INDEPENDENT MEASUREMENTS

If three unknown parameters are considered in a regression model (such as o, B1,
and B.)and, if any investigator performs ten measurements all at exactly the same
value of independent variable vector X (which contains the independent variables Xj,
X5, and X3), the regression analysis will not be applicable to give a unique set of
estimated values for the three unknown parameters. In that case, it is most
appropriate to estimate the average value and the standard deviation of the
dependent variable Y. Similarly, measuring at two different values of X can provide
enough data for a regression with two unknowns, but not for three or more

unknowns.

If the investigator had performed measurements at three different values of the
independent variable vector X, then regression analysis would provide a unique set

of estimates for the three unknown parameters in 3.

7.3.1 Statistical Assumptions

When the number of measurements ‘N’ is larger than the number of unknown
parameters ‘K’ and the measurement errors are normally distributed then the excess
of information contained in (N — K) measurements is applicable to make statistical
predictions about the unknown parameters. This excess of information is referred to

as the degrees of freedom of the regression.

7.4 UNDERLYING ASSUMPTIONS
Classical assumptions for regression analysis include:

The sample is representative of the population for the inference prediction.
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The error is arandom variable with a mean of zero conditional on the

explanatory variables.

The independent variables are measured with no error. Instead, modeling
may be done using errors-in-variables model techniques if any errors do

exist.

The predictors are linearly independent, i.e. it is not possible to express any

predictor as a linear combination of the others.

The errors are uncorrelated, that is, the variance—covariance matrix of the

errors is diagonal and each non-zero element is the variance of the error.

These above mentioned conditions are sufficient for the least-squares estimator to
possess desirable properties; in particular, these assumptions imply that the
parameter estimates will be unbiased, consistent, and efficient in the class of linear
unbiased estimators. It is important to note that actual data less commonly satisfies
the assumptions. That is, the method is useful even though the assumptions are not
correct. Variation from the assumptions can sometimes be used as a measure of
how far the model is from being applicable. Most of the assumptions may be relaxed
in more advanced methods. Reports of statistical analyses usually include analyses

of tests on the sample data and methodology for the fit and usefulness of the model.

Independent and dependent variables often refer to values measured at point
locations. There may be spatial trends and spatial autocorrelation in the variables
that violate statistical assumptions of regression. Geographic weighted regression is
one technique to deal with such data. Also, variables may include values aggregated
by areas. With aggregated data the modifiable areal unit problem can cause extreme

variation in regression parameters. In linear regression, the model specification is
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that the dependent variable, yiis a linear combination of the parameters (but need not
be linear in the independent variables). For a particular instance in simple linear
regression for modeling n data points there is one independent variable: x; and two
parameters, Bo and B4, which is given by the equation for a straight line as shown in

equation 7.2

Straight line: y= Bot B1 X + €, i=1... n. e 1.2

7.5 MATHEMATICAL MODELS USING MULTIPLE REGRESSION
ANALYSIS

As discussed earlier, multiple regression analysis is a powerful technique used for
predicting the unknown value of a variable from the known value of two or more
variables- also called the predictors. The variable whose value is to be predicted is
known as the dependent variable and the ones whose known values are used for

prediction are known independent (exploratory) variables.

In general, the multiple regression equation of Y on X4, X,... X can be of the form as

shown in equation 7.3
Y=bog+bi Xqy+boXo+ ..o, + b, Xk . 1.3

Here by is the intercept and b4, by, bs... by are analogous to the slope in linear
regression equation and are also called regression coefficients. They can be
interpreted the same way as slope. Thus if b; = 2.5, it would indicates that Y will
increase by 2.5 units if X, increased by 1 unit. The appropriateness of the multiple
regression model as a whole can be tested by the F-test in the ANOVA table. A
significant F indicates a linear relationship between Y and at least one of the X's.
Once a multiple regression equation has been constructed, one can check how good

it is (in terms of predictive ability) by examining the coefficient of determination (R2).
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R2 always lies between 0 and 1.All software provides it whenever regression

procedure is run. The closer R; is to 1, the better is the model and its prediction.

A related question is whether the independent variables individually influence the
dependent variable significantly. Statistically, it is equivalent to testing the null
hypothesis that the relevant regression coefficient is zero. This can be done using t-
test. If the t-test of a regression coefficient is significant, it indicates that the variable
is in question influences Y significantly, while controlling for other independent
explanatory variables. Multiple regression technique does not test whether data
are linear. On the contrary, it proceeds by assuming that the relationship between
the Y and each of Xi's is linear. Hence as a rule, it is prudent to always look at the
scatter plots of (Y, X)), i= 1, 2... k. If any plot suggests non linearity, one may use a

suitable transformation to attain linearity.

Another important assumption is nonexistence of multi co linearity, the independent
variables are not related among themselves. At a very basic level, this can be tested
by computing the correlation coefficient between each pair of independent variables.
Therefore, multiple regression analysis is used when one is interested in predicting a
continuous dependent variable from a number of independent variables. If

dependent variable is dichotomous, then logistic regression should be used.

Further it can be expected score on one variable R, R Square and Adjusted R
Square, where R is a measure of the correlation between the observed value and
the predicted value of the criterion variable. R Square (R?) is the square of this
measure of correlation and indicates the proportion of the variance in the criterion
variable, so an Adjusted R Square value is calculated which takes into account the
number of variables in the model and the number of observations the model is based
on. This Adjusted R Square value gives the most useful measure of the success of
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the model. If, for example we have an Adjusted R Square value of 0.75 we can say

that the model is accounted for 75% of the variance in the criterion.

7.6 INPUT TO A REGRESSION PROBLEM

Simple regression: (x1, Y1), (x1, Y2)... (xn, Y n)
Multiple regression: ((x1)1, (x2)1, (x3)1 ... (x K) 1, Y1),
((x1)2, (x2)2, (x3) 2 ... (x K)2, Y2),

((x1)3, (x2)3, (x3)3, ... (x K)3, Y3), ...,

(x1) n, (x2) n, (x3)n, ... (x K)n, Y n),

The variable Y is designated as the “dependent variable.” The only distinction
between the two situations above is whether there is just one x predictor or many.
The predictors are called “independent variables.” There is certain awkwardness
about giving generic names for the independent variables in the multiple regression
case. In this notation, x1 is the name of the first independent variable, and its values

are (x1)1, (x1)2, (x1)3... (x1) n.

The listing for the multiple regression case suggests that the data are found in a
spreadsheet. In application programs like Minitab, the variables can appear in any of
the spreadsheet columns. The dependent variable and the independent variables

may appear in any columns in any order.

When choosing a predictor variable selection is based, such that one might be able
to correlate with the criterion variable, but that is not strongly correlated with the
other predictor variables. However, correlations amongst the predictor variables are
not unusual. The term multi co linearity is used to describe the situation when a high

correlation is detected between two or more predictor variables. Such high
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correlations cause problems when trying to draw inferences about the relative

contribution of each predictor variable to the success of the model.

There are different ways that the relative contribution of each predictor variable can
be assessed. The success of the model in predicting the criterion variable is then
assessed. In contrast, “hierarchical” methods enter the variables into the model in a
specified order. The order specified should reflect some theoretical consideration or
previous findings. If one have no reason to believe that one variable is likely to be
more important than other this method is not applicable. As each variable is entered
into the model its contribution is assessed. If adding the variable does not

significantly increase the predictive power of the model then the variable is dropped.

Further, in this research work pertaining to rock properties, to obtain applicable and
practical predictive qualitative relationships, it is necessary to model the rock
properties and the drill process variables. Multiple regression analysis is widely used
for modeling and analyzing the experimental results. Therefore in this present
investigation, Regression is the determination of statistical relationship between two
or more variables. It is the method to deal with the formulation of mathematical
model depicting the relationship among the variables which can be used for the
purpose of prediction of values of dependent or response variables, given the values
of predictor or independent variable(s), the analysis concerning the relationship is
known as multiple correlation and equations describing such relationships are called
as multiple regression equations. Physical properties of rocks can be predicted by
multiple regression modeling, the statistical methodology used to relate variables

(Bowerman and O'connell, 1990).

In order to establish the predictive models among the parameters obtained in this
research work, multiple regression and Analysis of Variance (ANOVA) techniques
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are used. For modeling and analysis Minitab 15 software for windows was used.
Further, higher p-value means the independent variables are not statistically
significant and it can also be stated if the p-value is set at 0.05 then to reject the null
hypothesis, the significance level of 5.001 % or higher has to be used. Hence the p-
value represents the lowest significance level that can be used to reject the null

hypothesis.

The p-values for individual predictor variables will be obtain from t —statistics and the
same value for individual variables assess the significance of including that predictor
in the regression analysis. On the other part p-value obtain from the F — statistics
assess, whether the whole regression is significant or not. If one predictor is
significant, so will be the regression and for the overall regression the value obtained

at R-Squared and R-adjusted has to be considered.

7.7 MULTIPLE REGRESSION ANALYSIS AND ANOVA TECHNIQUE

The laboratory experimental results are used to model the various responses using
multiple regression method by using a non-linear fit among the responses and the
corresponding significant parameters. The performance of the model depends on a
large number of factors that act and interact in a complex manner. When the
predictor variables in a multiple regression model are interrelated or are dependent
on each other, a multi-co linearity problem exists and hinders the ability to assess
the importance of a predictor variable. The solutions to the problem are to remove
one or more of the highly correlated predictor variables or to add more scenarios

used in building the model.

The mathematical modeling of sound level produced during drilling is influenced by

many factors. Therefore a detailed process representation anticipates a second
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order model. ANOVA is carried out to find which input parameter significantly affects
the desired response. To facilitate the experiments and measurement, four important
predictor variables are considered in the present study. They are drill bit diameter
(A), drill bit speed (B), Thrust applied (C) and the average value of A — weighted
equivalent sound level produced during drilling in dB(A) i.e., (D). The responses
considered are Uni-axial compressive strength (UCS), Schmidt rebound number
(SRN), Dry density (r), Tensile strength (TS), and Percentage porosity (p). The
mathematical models for the physico-mechanical properties with parameters under
consideration can be of the form as shown in equation 7.4
Y=01 (X1, X2, X3 ...) + [ .. 1.4
where,Y is the response and x4, x,, x3 are the independent process variables and €

is fitting error. A quadratic model of fcan be written as shown in equation 7.5

2
Dbyt X bp+ X b+ L b ve 1.5

where,birepresents the linear effect of x; b; represents the quadratic effect of x; and b;
in fourth term represents linear interaction between x; and x; Then the regression

models contain linear terms, squared terms and cross product terms.

Individual responses are modeled by using multiple regression analysis. The
coefficient table lists the estimated coefficients for all the predictors. p-value
determines the observed relationship between response and the predictors and
indicates, whether it is statistically significant or not. If the p-value is less than the
selected a level (to test the significance, one needs to set a risk level called the alpha
level. In most cases, the ‘rule of thumb’ is to set the alpha level at 0.05, i.e., 95%
confidence interval), the association is statistically significant and the model is
selected. On the other hand, if it is more than the selected a level, it is not statistically
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significant and the independent variable under consideration is removed from the
model and the regression analysis is performed by using all the remaining
independent variables. The procedure is continued by removing one independent
variable at a time from the model. The screening is stopped when the independent

variable remaining in the model can not be removed from the system.

The criterion for the explanation capability of the dependent variable from information
obtained via the independent variables is the strength of the relation (R?). When the
explained variation is divided by the total variation of y values, i.e. when R? is
calculated, then the proportion of variation of the dependent variable changes is
obtained and that is explained by the independent variable. As the number of
independent variables increases, R2will be greater. Therefore, R? should be adjusted

(corrected) as follows, which is shown in equation 7.6

— k-1qm-1
R=[F-—][=] 76

where, k the number of model parameters, and n the number of scenarios. Higher
the value of R2 means that there is a good correlation between the experimentally

measured values and the predicted values using the developed models.

7.7.1Selection of Rock Samples for Modeling

For experimental works, different categories of rocks are collected. Out of the total
collected rocks, there are 12 igneous rock types. Out of these, 10 rock types are
used for developing the model and 2 types are used to test the accuracy of the
developed model. Therefore as can be seen by considering the drilling parameters

for set of three different conditions as stated below:
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a) Drill diameters of 16, 18 and 20 mm.

b) Drill speed of the machine 280,290 and 300 rpm.

c) Thrust pressure of 15,18, 20, and 25kg/cm?
Hence, the total conditions used for developing the mathematical model are 3 (drill
bits) x 3 (machine speed) x 4 (applied thrust pressure) i.e. in total 36x10 (360 Leq

values) and similarly 36x2 (72 Leg values) for testing the developed models.

7.8 MATHEMATICAL REGRESSION MODEL FOR DIFFERENT
IGNEOUS ROCK PROPERTIES:

Multiple regression model to predict uni-axial compressive strength for igneous rock

types is given by equation 7.7:

UCS (Igneous) = 525.9816+2.135 x A+0.065 x B+2.5 x C -10.162 x D + 0.061 x D? -

0.026 x Ax D -0.001 x B x D-0.02811 xCx D a4

Significance of regression coefficients for estimation of uni-axial compressive
strength is listed in Table 7.1, which also shows t value and p-value. The final
ANOVA table of the reduced quadratic model for UCS is shown in Table 7.2. This
table also represents degrees of freedom (DF), mean square (MS), sum of squares
(SS), F-value and p-value associated with factors. As seen from Table 7.3, for
igneous rocks, the selected model explains 95.1% of the total variation in the

observed UCS tests.
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TABLE 7.1: Significance of regression coefficients for estimation of uniaxial

compressive strength (igneous rocks)

Parameter
Model terms for UCS estimate t-value p-value
(coefficients)

Constant 525.9816 21.693 0.000
A 2135 7.9 0.000

B 0.065 2.3 0.006

C 2.5 1.9 0.042

D -10.162 -26.365 0.000

D2 0.061 32.117 0.000
AD -0.026 -9.2 0.000
BD -0.001 -3.12 0.002
CD -0.02811 -2.293 0.021

TABLE 7.2: Analysis of variance (ANOVA) for the selected quadratic model for

estimation of UCS (igneous rocks)

Source of Degree of Sum of Mean
. o F-value | p-value
variations freedom squares squares
Model 8 216597.60 26623.07 | 2956.60 0.000
Linear 4 6625.92 1639.73 175.39 0.000
Square 1 9726.65 9712.64 1023.75 0.000
Interaction 3 932.55 321.18 32.65 0.000
Residual 631 5216.60 9.03 i i
Error
Total 639 22501.72 - - -

TABLE 7.3: Model summary for dependent variable (UCS - igneous rocks)

R2

Predicted R2

Adjusted R?

Standard error

0.963

0.96

0.9512

2.98
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Multiple regression models to predict Schmidt rebound number of the igneous rock

types is given by equation 7.8:
SRN (Igneous) =11.7894+ 0.582 x A + 0.021 x B —2.357 x D + 0.018 x D? — 0.008 x
AxD . 7.8

Significance of regression coefficients for estimation of Schmidt rebound number is
listed in Table 7.4, which also shows t value and p-value. The final ANOVA table of
the reduced quadratic model for SRN is shown in Table 7.5. This table also
represents degrees of freedom (DF), mean square (MS), sum of squares (SS), F-
value and p-value associated with factors. As seen from Table 7.6, for igneous
rocks, the selected model explains 96.8% of the total variation in the observed SRN

tests.

TABLE 7.4: Significance of regression coefficients for estimation of Schmidt
rebound number (igneous rocks)

Parameter
Model terms for SRN estimate t-value p-value
(coefficients)

Constant 11.7894 14.013 0.000

A 0.582 5.136 0.000

B 0.021 1.675 0.046

D -2.357 -15.357 0.000

D2 0.018 21.562 0.000

AD -0.008 -6.612 0.000
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TABLE 7.5: Analysis of variance (ANOVA) for the selected quadratic model for
estimation of Schmidt rebound number (igneous rocks)

Source of variations I?cegree of Sum of Mean F-value p-
reedom squares squares value
Model 5 55238.82 9210.15 | 5474.98 | 0.000
Linear 3 415.46 142.12 84.32 0.000
Square 1 823.28 848.300 | 503.18 | 0.000
Interaction 1 82.65 41.615 24.68 0.000
Residual Error 628 1065.16 1.686 - -
Total 633 2386.55 - - -

TABLE 7.6: Model summary for dependent variable (SRN - igneous rocks)

Standard error
1.28

R2 Predicted R?
0.9612 0.9702

Adjusted R2
0.9682

Multiple regression model to predict dry density of the igneous rock types is given by

equation 7.9:
p Density (Igneous) = 1.5 + 0.387 x A-0.1813 x D + 0.0010 x D2 - 0.00039 x A X D
..... 7.9

Significance of regression coefficients for estimation of dry density is listed in Table
7.7, which also shows t-value and p-value. The final ANOVA table of the reduced
quadratic model for dry density is shown in Table 7.8. This table also represents
degrees of freedom (DF), mean square (MS), sum of squares (SS), F-value and p-
value associated with factors. As seen from Table 7.9, for igneous rocks, the
selected model explains 75.6% of the total variation in the observed dry density

tests.
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TABLE 7.7: Significance of regression coefficients for estimation of Dry
density (igneous rock)

Model terms for Dry | Parameter estimate
. _p t-value p-value

density (coefficients)
Constant 1.5 19.120 0.000
A 0.387 4.814 0.000
D -0.1813 -16.284 0.000
D2 0.0010 17.966 0.000
AD -0.00039 -5.205 0.000

TABLE 7.8: Analysis of variance (ANOVA) for the selected quadratic model for
estimation of Dry density (igneous rock)

Source of Degree of | Sum of Mean
variations freedom | squares | squares F-value p-value
Model 4 16.52150 | 4.23376 552.05 0.000
Linear 2 2.36246 1.03123 134.47 0.000
Square 1 2.57550 2.47550 322.79 0.000
Interaction 1 0.20780 0.20780 27.10 0.000
Residual Error 635 4.56991 0.00767 - -
Total 639 9.71567 - - -

TABLE 7.9: Model summary for dependent variable (Dry Density — igneous
rock)

Standard error
0.0865

R2 Predicted R?
0.756 0.752

Adjusted R?
0.7563

Multiple regression models to predict Tensile strength of the igneous rock types is
given by equation 7.10:
TS (Igneous) =56.518714 +0.2730 x A .0086 x B + 0.3106 x C -1.2657 x D + .0076 x

D?-.0032xAxD-0.0001 xBxD-0.0036xCxDb ... 7.10
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Significance of regression coefficients for estimation of Tensile strength is listed in
Table 7.10, which also shows t-value and p-value. The final ANOVA table of the
reduced quadratic model for Tensile strength is shown in Table 7.11. This table also
represents degrees of freedom (DF), mean square (MS), sum of squares (SS), F-
value and p-value associated with factors. As seen from Table 7.12, for igneous
rocks, the selected model explains 95.6% of the total variation in the observed

Tensile strength tests.

TABLE 7.10: Significance of regression coefficients for estimation of Tensile
strength (igneous rock)

Modc?l terms for Paramete.r .estimate t-value p-value
Tensile strength (coefficients)
Constant 56.418714 22.778 0.000
A 0.2730 8.219 0.000
B 0.0086 2.768 0.006
C 0.3106 2.012 0.045
D -1.2657 -27.448 0.000
D2 0.0076 34.392 0.000
AD -0.0031 -9.783 0.000
BD -0.0001 -3.295 0.001
CD -0.0035 -2.394 0.017

TABLE 7.11: Analysis of variance (ANOVA) for the selected quadratic model
for estimation of Tensile strength (igneous rock)

Source of Degree of Sum of Mean p-
variations freedom squares squares F-value value
Model 8 3855.630 481.954 3691.64 | 0.000
Linear 4 104.024 26.006 199.20 | 0.000
Square 1 154.417 154.417 1182.80 | 0.000
Interaction 3 14.491 4.830 37.00 0.000

Residual Error 628 82.379 0.131 - -

Total 636 3938.01 - - -
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TABLE 7.12: Model summary for dependent variable (Tensile strength -
igneous rock).

R2 Predicted R2
0.961 0.9823

Adjusted R?
0.9562

Standard error
0.362

Multiple regression model to predict percentage porosity of the igneous rock types is

given by equation 7.11:
P (Igneous) = 32.151974+0.0943 x A — 0.5338 x D + .00023 x D2 — 0.0007 x A x D.
...... 7.1

Significance of regression coefficients for estimation of percentage porosity is listed
in Table 7.13, which also shows t-value and p-value. The final ANOVA table of the
reduced quadratic model for dry percentage porosity is shown in Table 7.14. This
table also represents degrees of freedom (DF), mean square (MS), sum of squares
(SS), F-value and p-value associated with factors. As seen from Table 7.15, for
igneous rocks, the selected model explains 93.59% of the total variation in the
observed percentage porosity tests.

TABLE 7.13: Significance of regression coefficients for estimation of %
Porosity (igneous rock)

Model term.s for % Paramete_r .estimate t-value p-value
Porosity (coefficients)
Constant 32.151974 26.815 0.000
A 0.0943 5.493 0.000
D -0.5338 -22.467 0.000
D2 0.00023 18.923 0.000
AD -0.0007 -4.513 0.000
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TABLE 7.14: Analysis of variance (ANOVA) for the selected quadratic model

for estimation of % Porosity (igneous rock)

\?:rlil;:iir?sf [:?(ggggrzf ;uur:rgi sclqvlueaarr;s F-value | p-value
Model 4 361.8989 90.4747 2591.90 0.000
Linear 2 17.6990 8.8495 253.52 0.000
Square 1 12.4997 12.4997 358.09 0.000

Interaction 1 0.7109 0.7109 20.37 0.000

Residual Error 635 22.1657 0.0349 - -
Total 639 384.065 - - -

TABLE 7.15: Model summary for dependent variable (% Porosity - igneous

rock)

RZ

Predicted R?

Adjusted R?

Standard error

0.9313

0.9215

0.9359

0.186

7.9 PERFORMANCE PREDICTION OF THE DERIVED MODELS:

In fact, the coefficient of correlation between the measured and predicted values is a

good indicator to check the prediction performance of the model. However, in this

study, Values Account For (VAF) (Equation) and Root Mean Square Error (RMSE)

(Equation) indices were calculated to compare the performance of the prediction

capacity of predictive models developed (Alvarez and Babuska 1999, Finol et al.

2001, Gokceoglu 2002, Yilmaz and Yuksek 2008, Yilmaz and Yuksek 2009, Yilmaz

and Kaynar 2011) .Further, the VAF value would be of the form as shown equation

7.12 and RMSE would be of the form as shown in equation 7.13

VAF = [1-

1
RMSE= [yE. (y-y)

var(y - y)

var(y)

2

[ x 100
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Where y and y’ are the measured and predicted values respectively. If the VAF is
100 and RMSE is 0, then the model will be excellent. Mean absolute percentage
error (MAPE) which is a measure of accuracy in a fitted series value was also used
to check the prediction performances of the models. MAPE usually expresses

accuracy as a percentage as shown in below equation 7.14

MAPE:,I\,Z;\i1|Ai/;_Pi| x 100 .. 714

Where A, is the actual value and P; is the predicted value. Lower values of MAPE,
indicate that there will be a better correlation between predicted values and

experimental results.

Using the developed regression models for igneous rocks, performance prediction
indices for training as well as test data were calculated and are given in Table 7.16.
From the table it is evident that the developed model for predicting dry density is less
efficient when compared to all other models as it has low VAF value. MAPE values
for test data are 12.3, 16.1, 21.2, 8.3, and 7.21 for UCS, SRN, dry density, TS, and
percentage porosity respectively, which indirectly explains the reliability of the

predicted models of igneous rocks.

TABLE 7.16 Performance prediction indices of the regression models (Igneous

Rock)
UCS | SRN | Density | Tensile strength | % Porosity
=2 VAF | 95.3 | 96.1 75.6 95.8 93.192
£ ; RMSE | 55 | 6.1 | 0.39 0.38 0.506
= MAPE | 10.2 | 125 | 15.2 5.21 6.601
:; VAF | 936|953 | 623 95.7 92.23
2 RMSE | 82 |7.96 | 0.62 0.625 0.523
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MAPE

12.3

16.1

21.2

8.3

7.21

7.10 INFERENCE:

In this chapter, the experimental values obtained in the present investigation are
used to develop mathematical models for different phsico-mechanical properties,
such as Uni-axial compressive strength, Tensile strength, SRN, Density and
porosity. By using the Minitab software and Analysis of variance, models are
established. It is observed that physico-mechanical properties has very low p-values
with acceptable tolerance and hence the performance of prediction indices were

determined which further can be used to compare with the developed models for

other indirect investigation methods.
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CHAPTER - 8

CONCLUSION AND SCOPE FOR FURTHER RESEARCH

8.1 CONCLUSIONS

The following conclusions are drawn based on the research work carried out:

The drilling set-up designed and fabricated in this research investigation will be
useful in the estimation of rock properties using sound level produced during
drilling.

The results of laboratory studies carried out in this research work clearly indicate
the prediction of the physico-mechanical properties of igneous rocks with
acceptable degree of accuracy.

Since the proposed method is considerably simple and requires lesser time in
arriving at the physico-mechanical properties, hence it will be an economically
feasible (in traditional method, the rock blocks are sent from the mine to some
established laboratory which is time consuming as well as a costly affair) and a
better alternative and could find wide application in various geo-technical field.

In order to establish the predictive models among different parameters
considered in the investigation, it is found that multiple regression analysis can
be an effective technique in minimizing the uncertainties involved in the

investigation.
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The set of empirical equations developed in this research work for prediction of
physico-mechanical properties of igneous rocks can be readily utilized in mining
and various geotechnical fields.

Though, an attempt has been made in this research work to estimate rock
properties using sound level produced during drilling using the various empirical
equations developed, however, it is not aimed at replacing the suggested ISRM
methods. The developed equations can be certainly used for a quick and easy
estimate of different rock properties using the light weighted, portable, low cost
drill set-up with acceptable degree of accuracy.

Further, the proposed equations can serve a valuable information for the purpose
of comparing the performance of the developed models with other indirect

investigations.

8.2 SCOPE FOR FURTHER RESEARCH

In the present work only igneous rock samples collected across the southern part
of India has been used. However this investigation can be extended for
sedimentary as well as metamorphic rock samples.

In the present work, drill bit diameters of 16 mm, 18 mm and 20 mm have been
used for the purpose of drilling. This work can be extended for other drill
diameters too.

Also, in the present work only intact rocks are considered for recording the sound
level produced during the process of drilling. Similar work can be
extended/carried out for the rock mass drilling.
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- The fabricated portable drill set-up can be directly tried in the field and prediction
models could be developed and the results of the same could be compared with

that of IRSM suggested methods.
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APPENDIX - |
SOUND LEVELS FOR DRILLING IN THE IGNEOUS ROCK SAMPLES
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241 D6 Agr 2012 25029 738 Ta.6 — -
242 D6 Agr 2012 25030 752 T35 — -
243 D6 Apr 2012 250 7449 732 - -
244 D6 Agr 2012 25032 76.0 Ta.T — -
245 D6 Agr 2012 25033 &2 848 | 1148 Tid
248 D6 Apr 2012 25034 g2 28| 135 BE.S
T D6 Apr 2012 225035 9E.6 @0 | 16s BE.S
248 D6 Apr2012 2-50c36 | 1006 | 1016 | 1174 || 1006
248 D6 Apra2012 2-50c37 | 1024 | 1028 | 1170 || 1024
230 D6 Apra012 2250038 | 1032 | 1033 165 || 1032
231 D6 Apra012 2r5c3s | 1033 | 1085 | 1165 || 1033
252 D6 Apr2012 2-50c40 | 1035 | 1087 | 1155 || 1085
253 D6 Apr2012 2-50c41 | 1035 | 1040 | 1170 || 1039
254 D6 Apra012 2542 | 1039 | 1040 | 170 || 1039
235 D6 AQra012 25043 | 1044 | 1047 | 1183 | 1044
256 D6 Apr2012 2-50c44 | 10459 | 1054 75 || 149
X 4l
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[ Eenial Humoer dsd T [T e
Modal Rumioer: 106 Stop: 06 Apr 2012 23:23:58
RMES Welghting A'Welghting Run Time: 00:12:00
Paak Weighting:: Urraeighted Pre Callbraton: 27 Mar 2012 22:29:00
Detecton: o Post Callorati 11 Apr 2012 12:43:00
Gain: 0'dB Deviation s |
‘Sample Perlod: 1 sacond Perlods T2

No. Time m .
£ 3] x
238 D06 Agpr 2012 2250046
259 D06 Apr 2012 225047
20 D6 Apr 2012 2250046
21 D6 Apr 2012 2250045
252 06 Agpr 2012 2250050
23 06 Apr 2012 2250051
254 06 Apr 2012 2250052
285 D6 Apr 2012 2250053
256 D6 Apr 2012 2250054
57 06 Apr 2012 2250058
2668 D6 Apr 2012 2250056
29 D6 Agr 2012 2250057
b D06 Apr 2012 2250058
o) | 06 Apr 2012 2250055
2 06 Apr 2012 2:51:00
73 06 Agra0i2 25101
274 06 Apra0i2 225102
25 06 Apr2012 225103
76 D6 Apr 2012 22:51:04
T 06 Apr 2012 225108
278 06 Apr 2012 225108
9 D6 Apr 2012 25107
250 D6 Apr 2012 225108
281 D6 Apr 202 225109
252 06 Apr 2012 225110
253 D5 Apr 2012 225111
254 D6 Apr 2012 2X51:12
288 D6 Apralia 25113
256 D6 Apr 2012 2x:51:14
287 D6 Apr 2012 2X51:15
258 D6 Agr 202 225118
259 06 Apr 2012 25117
230 06 Apr 2012 225116
=1 D6 Apr 2012 251:19
232 D6 Apr 2012 225120
233 06 Apraii2 25121
34 06 Apr 2012 225122
235 D6 Agr 202 225123
236 06 Apra0i2 225124
T 06 Apr 2012 225128
238 D6 Apr 2012 251226
290 D6 Apr 2012 225127
0 D6 Apr 202 225128
1 06 Apr 2012 225129
32 D6 Apr 2012 25130
33 06 Apr 2012 251231
34 06 Apr 2012 2251:32
5 D6 Apr 2012 25133
36 D6 Apr 2012 25134
7 D6 Apr a0l 2251.38
& 06 Apr 2012 2251:36
9 06 Apr 2012 225137
30 D6 Apr 2012 25138
L D6 Apr 2012 2251.3%
2 06 Apr 2012 2251:40
33 D6 Apr 2012 22:51:41
34 D6 Apra0l2 2251:42
HE D6 Apra0l2 225143
3 06 Apr2012 2251:44
H7 D6 Apr 2012 2:51:45
HE D6 Apr 2012 22:51:46
Eik] D6 Apr 202 225147
20 06 Apr 2012 2251:46
0 142




[ Z=nal Humoer. 53 otar 06 Apr 2072 Z52247

Modsl Number, TDE Stop: 06 Apr 2012 23:23:58

RMS Welghting: AWeighting Run Time: 0:12:00

Peak Walghting: Urnweiighted Pre Cailbraton: 27 Mar 2012 22:29:00

Detector. Slow Pest Calloration; 1 Apr 2012 12:43.00

cain: 0 dE Devlation: 0.0 48

Samgie Period: 15200nd Peslods: 720
Mo, Time Leg Lmax Lpeak TWA Over @

T | AN AT ZISTEE | WOES | TE | 1210 | T3
322 D6 Apr2012 2251250 | 10BS | 1086 | 1247 || 1065
23 D6Apra0i2 25151 | 10BS | 1086 | 1227 || 1088
24 DEApra0i2 25152 | 10B3 | 1084 | 1230 || 1083
28 D6 Apra0i2 25153 | 1081 1081 | 1227 || 1081
26 06 Apr20i2 2Z51:54 | 10B1 1081 | 1237 || 1081
T D6 Apr2012 2-51:55 | 10B2 | 1083 | 1232 || 1062
328 06 Apr2012 2-51:56 | 10B2 | 108.3 | 1230 || 1062
329 06 Apr2012 22-51:57 | 10B1 108.3 | 1239 | 1081
330 D6 Apr2012 22-51:56 | 10B4 | 1085 | 1232 || 1064
33 D6 Apr2012 2251258 | 10B4 | 108.5 | 1235 || 1064
332 D6 Apra0i2 25200 | 10B3 | 1084 | 1244 108.3
333 DEApra0i2 25201 | 1063 | 1084 | 1232 || 1083
334
338
336
337
338

D6Apra0i2 25202 | 1063 | 1083 | 1222 || 1083
D6 Apraii2 25203 | 1063 | 1084 | 1227 || 10683
D6 Apr2012 25204 | 1064 | 1085 | 1225 | 1064
D6 Apr2012 25205 | 1064 | 1085 | 1230 || 1064
D6 Apr2012 25206 | 10BS | 1085 | 1235 || 1065
339 D6 Apr2012 25207 | 10B6 | 1086 | 1225 || 1065
30 D6 Apr2012 225206 | 10BS | 1086 | 1230 || 1065
341 D6 Apr2012 2225309 | 10B4 | 108.5 | 1220 || 1064
42 DEApra0i2 2510 | 1063 | 1084 | 1222 || 1083
3 D5 Apr 2012 228211 103 | 108.3 | 1232 || 1083
24 D6Apraii2 2z5x12 | 1081 | 108.2 | 1227 || 1081
5 06 Apra0i2 2513 | 10B1 | 1082 | 1222 || 1081
36 D6 Apr2012 2-5x14 | 1062 | 108.2 | 1220 || 1062
T D6 Apr2012 2515 | 10B2 | 1083 | 1220 || 1062
348 D6 Apr2012 25216 | 10B2 | 1083 | 1220 || 1062
5 06 Apr2012 225217 | 1061 | 1081 | 1202 || 1061
350 D6 Apr2012 225318 | 10E1 | 108.2 | 1230 || 1081
] DEApra0i2 2z5x1% | 1082 | 108.2 | 1217 || 1082
352 DEApra0i2 2522l | 1063 | 1083 | 1211 || 1083
353 DEApra0i2 2z5xai | 1062 | 1083 | 12359 || 1082
354 DEApra0i2 2522z | 1063 | 1084 | 1227 || 1083
358 D6 Apra0i2 25223 | 10B3 | 1084 | 1222 | 10683
356
357
358
359
380
El

D6 Apr2012 25224 | 1064 | 1085 | 1237 || 1064
D6 Apr2012 25225 | 10B6 | 108.7 | 1237 || 1066
D6 Apr2012 25226 | 10B6 | 108.7 | 123% || 1066
D6 Apr2012 2225227 | 1067 | 108.7 | 1253 || 1067
D6Apr2012 2225328 | 10B7 | 108.8 | 1245 || 1087
D6 Apr20i2 230243 TL6 T3.2 - -
a2 D6 Apra0i2 23044 T38 T4.2 - - |
33 06 Apr 2012 230245 745 749 - - ]
4 06 Apr2012 230246 To4 Ta.8 - - ]
365 06 Apr2012 230247 762 Ta.5 - -
366 06 Apr2012 23:0248 TES Ta.6 - -
37 06 Apr 2012 2302459 TEG T6.9 - -
i 06 Apr 2012 23:02:50 70 i - -
359 D6 Apr 2012 23:0x:51 713 e - -
370 D6 Apr 2012 23:0x52 914 956 | 1141 Bos
En ] 06 Apr2012 230253 SET |7 14E a7
32 D6 Apra0i2 23054 | 1000 | 9001 113.5 || 100.0
373 D6 Apra0i2 230xss | 1001 | 1001 a7 || 10
374 06 Apr2012 230256 | 1000 | 1001 1154 || 100.0
375 06 Apr 2012 230257 987 == =T I T
376 06 Apr 2012 23:0258 892 |5 | 13s Ba2
3T D6 Apr 2012 23:02:59 L] |0 | 127 589
378 06 Apr 2012 23:03:00 866 .7 | Mo 586
379 D6 Apr 2012 23:03:01 SE.4 935 | 127 5E4
380 D6 Apr2012 230302 9E3 983 | 13s 583
381 06 Apr2012 230303 9E3 534 | 13E 583
382 D6 Apr2012 230304 9E3 983 | 13s 583
383 06 Apr2012 230305 9E3 983 | 1aT 583
334 06 Apr2012 230306 282 983 | Me 582
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LTS e ST T A 072 22 AT
Modsl Number. 06 Stop: 06 Apr 2012 23:23:53
RMS Weighting & Weights Run Time: DI04
Peak Waighting: Uriweighted Pre Cailbraton: 27 Mar 2012 22:23:00
Detector Slow Post Calloration: 11 A 2012 124300
ca: D48 Dewdation: 08
Sample Period 1 s2cond Periods: 720

Mo, Time LEq Lmax LEI TWA Ower = ] £ 50 [ 1] 0] 81 el 0D il .:‘ﬂ III 14l
) K| g ) PR B oER i LLAEH m
36 | DGADrIOM2230X08 | SE3 | S84 | 18 || &3

7 | Dempronizozoaos | 9ed | ooas | 127 | sad
3 | DGADrIOM2230XAD | 8BS | S8k | 1427 || s
380 | DEAprA0MZEEOEN | SES | 85 | 135 || s
30 | DGADrAOMZ230XM2 | SE3 | 83 | M0 || &3
31 | CSApraZ2IOEMd | me2 | w83 | s || 2
32 | DeApra;MZ2I0EM4 | SER | 83 | M0 || sz
33 | DRADCrAOMZ2TOXAS | SEA | S84 | 141 || i
334 | SADrAOIZIZOEME | BE1 | S82 | 1O || i
36 | DEADrAOIZIIOEAT | SEM | S84 | 18 || i
3 | DeApraz2OEts | se2 | 83 | s || s

7 | Dempronizoods | eE3 | sad | ime | a3
3 | (SADraOIZ2I0E0 | 8E3 | S84 | MO || 3
30 | DeApraOMZ2I0E1 | SE3 | S84 | 127 || 3
400 | DRAprIOM2 230322 | oE4 | 285 | 1435 || sad
401 | DSApra;MZ2IOE2s | mET | ses | 127 || T
a0z | DeApraOMZIIOE4 | oeD | = | ME || s
403 | DRADraOMZII0E2S | se2 | @93 | 18 | sz
404 | DeAproOMZIIOEE | ooa | w5 | 1E || s
405 | DSADrIOMZIIOEIT | oeS | w5 | 127 || s
406 | DeApro;izaIOEe | oee | w7 | ME || s ]

7 | Dempronizooae | e | oo | 1135 | sas ]
405 | D6ADrIOMZ230EI | 1000 | 1004 | 127 || 1000 ]
405 | DEADrIOMZ230EM | 100D | 1004 | 1115 || 1000
40 | CSADrAOMZ2E0EIT | D04 | 1004 | 135 || 1001 ]
411 | DEAprIOMZ 230X | D02 | 1003 | 135 || 1002
42 | DGADrAOM2230XEM | D02 | 1003 | #118 || 1002
413 | [6ADrANZ 230X | D04 | 1004 | 144 || 1004 ]
414 | DGAPrIOM2230X36 | D04 | D05 | 1946 || 1004 ]
415 | 6ADrIONZ230XIT | 005 | 1006 | 127 || 1005 [ ]
416 | D6ADrIONZ 23033 | 1007 | 1008 | 144 || 1007 ]
47 | (6ADrAONZ230EIS | 1D0E | 1008 | 146 || 1008 |
4B | D6ApraOMZ 230340 | 100G | 1009 | 135 || 1008
410 | DAADrIOM2 230341 | D09 | 1010 | 1435 || 1008 |
420 | D6ApraOMZ23034r | D09 | 1008 | 144 || 1008 ]
421 | D6ApraOMZ 230343 | 1009 | 1010 | 144 || 1008 |
422 | DRADrIOMZ230X&4 | D44 | 012 | 158 || 4004 ]
423 | DEADrIOMZ 230345 | 1013 | 1014 | 14 || 1013 [ ]
424 | DSADrIONZ 230346 | 1015 | 1015 | 1154 || 1018 |
425 | DEADrIOMZ 230347 | D16 | 1016 | 1954 || 1016 |
426 | DEADrIOM2 230348 | D16 | D17 | 1470 || 1016 ]

7 | oemprooizazozas | 1046 | 00T | 1148 | 101E ]
428 | DEADrIOMZ230XS0 | D18 | 1020 | 1954 || 1008 |
420 | DRADrIOMZ2IOXEST | D24 | 4022 | 70 || 1024 ]
430 | D6AprIONZ2IOEST | D24 | 1025 | 1174 || 024 ]
431 | DEADrIOMZ230X53 | D24 | 025 | 1948 || 1024 ]
432 | D6AprIOMZ230ES4 | D25 | 1026 | 170 || 1025 ]
433 | DRADrIOM2230XSS | 02T | 028 | 1985 || 1027 ]
434 | D6ADrIONZ230ESE | 028 | 1o | 170 || 02E |
435 | D6AprIOMZ23OXST | 1030 | 1034 | 17O || 1030
436 | DAADrIOM2230X58 | D32 | 033 | 1974 || 1032 ]
437 | DRADrIONZ230X5Y | 1033 | 1034 | 170 || 1033
438 | DGADrIOM2 230400 | D34 | 035 | 1470 || 1034 1
430 | D6ADrIOMZIEO401 | 1035 | 1036 | 178 || 1035 ]
440 | DEADrIOM2 230402 | D35 | 035 | 1434 || 1035 ]
441 | D6ADrIONZ 230403 | 1035 | 1037 | 1174 || 1035 ]
47 | DEADrIOMZ 230404 | 1039 | 104D | 136 || 1038 [ |
443 | DGADrIOM2 230405 | D40 | D44 | 1434 || 1040 ]
44 | [RADrIONZ2EO406 | D39 | 1038 | 185 || 1039 ]
445 | DEADrIOM2 230407 | D40 | D42 | 1983 || 1040 ]
46 | [GADrAONZIZOH06 | D40 | 1042 | 174 || 1041 ]

7 | DemprooizoEoans | 1044 | 1042 | 1175 || 1044 |
4B | DEADrIOMZ2T04MD | D42 | D44 | 1987 || 1042 ]
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L S i T N
Mods! Numiber: 06 Stop: 06 Apr 2012 23:23:53
RMS Welghting A'Welghting Feun Time: 00:12:00
Peak Welghting: Unweighted Pre Callbraton: 27 Mar 2012 22:23:00
Detector Slow Post Calloration 11 Apr 2012 12:43:00
can: 0B Deviation: Loms
Sample Perod 1520000 Perings 720

Ho. Time Leg Lmax Lpeak TWA Over @ I

B T [ TS | TG | TTET [T TRE

450 | CEADroOIZIEO42 | 1044 | 1085 | 1170 || 1044
451 | CEADraOIZ230443 | 044 | 1046 | 1178 || 1044
452 | CEApro;izoEods | 1046 | 0a7 | 1198 || 1046
453 | CEApro;iz2E0ds | 1047 | 0a7 | 1183 || 1047
454 | CEApro;izoE0ds | 1047 | 0a7 | 1183 || 1047
455 | ceApro;mizoEodnT | 1047 | 10es | 1187 || 10ar
456 | ceApramizoEoqns | 1049 | 1oes | 1187 || 104s
457 | cepramizzzoas | 0sD | oS | 1187 || 1080
438 | CeApramizzEo4an | 05D | 0S4 | 1198 || 108D ]
458 | CeApro;mizoEO4ds | 0S4 | 1054 | 11aT (| 10sa
450 | CEApra;izoEadae | d0S0 | 054 | 1187 || 050
451 | CEApraOiz230423 | 4050 | 1050 | 1187 || 050
452 | CEApraO1Z230424 | 049 | 1089 | 1187 || 104s
453 | CEApraOiz2E0425 | 4050 | 1054 | 1202 || 1050
454 | DEADrEOIZ2304:26 | 1051 | 1051 | 1187 || 10s
455 | eApro;izzEosay | oSz | w053 | 11es || sz
456 | DEAproO1z2E0428 | 1053 | 053 | 1183 || 10s3
457 | cepramizzEoase | oSz | oS3 | 1198 || sz
458 | DEApraiZoEO4E0 | 051 | 10s2 | 1208 || 10sa
458 | DEApromizIEOat | 053 | 053 | 1194 || 1083
470 | ceApromizeEoear | oSz | 1053 | 1194 || sz
47 | CeApra;iZ2E0433 | 049 | 051 | 1183 || 10ds
47z | ceApra;izoaodad | oS0 | 054 | 1183 || 050
473 | CEApraOZ2304:35 | 054 | 05z | 11T || 1os
474 | CeApraOizoEadas | oSz | oSz | AT || osz
475 | ceApramizoaasar | dosz | oSz | 11Ts || osz
476 | CeAproO1zIE0as | 1053 | 054 | 1194 || 10s3
477 | oeApro;izaaosas | 0S4 | 054 | 12t || 1054
476 | ceApromizoEoesn | 0S4 | 1054 | 1194 || 1084
478 | ceApromizoEosdt | 054 | 1054 | 1195 || 1054
430 | OEApromizIEOd4r | 054 | 1055 | 1187 || 1054
431 | DeApronizIEiugs | 7SS | 7ez — -
437 | DEApr 2082 23117 70| T — -
433 | DeApronfzIiiiuda | ven | 7ar | ioas -
434 | ceApronizoaitds | 803 | eas | 103 || taz
435 | ceApronizI:ivsa | e2e | 634 | 10aE || Ezs
436 | oeApramizI:its | oim | es5 | s || s
457 | osApromizominsz | ors | sav | 113 || ors
438 | DsAprooizoEinss | oed | oes | 113 || oms
430 | DeAprooizos:inss | oDz | 1005 | 1127 || 1oz
430 | oeAprooizos:irss | 007 | 1009 | 113E || 0o
491 | DeAprooizoairss | 1009 | 1010 | 1165 || 100
432 | DeAprooizoairsr | 1009 | 1010 | 1165 || 100
493 | DeAproOfzIEirsa | 1008 | 1010 | 1141 || 1008
434 | DeAprooizoEirss | 006 | 1007 | 1141 || 1006
435 | oeApramizoaczoo | 004 | 1006 | 1135 || 1004
496 | oeApramizzaczos | 1003 | wo0e | 113s || 1003
497 | ceApramizzazaz | oo | 003 | 1127 || 1o
438 | oceApramizzEizos | 00D | 1000 | 1144 || 1000
498 | oeApramizzEizos | 00D | 1000 | 118E || 1000
S00 | ceApramizzEazos | 00 | 1004 | 1188 || 0o
S0 | ceApramizzEizos | 00D | 1004 | 1138 || 1000
sz | ceApromizoEzor | oee | oen | 113 || omE
503 | ceApromizoaczos | ooo | oas | 1127 || cas
504 | ceApromizosozos | oes | oas | s || s
505 | oeApramizazczin | 000 | 000 | 1144 || 1000
506 | DeApradizaaizil | 4000 | 1004 | 1148 || 1000
sa7 | oeApramizzacziz | ooz | ooz | 1144 || ooz
506 | CeApraiz2Ezis | 1003 | 004 | 1135 || 1003
506 | ceApraizaaczis | 1004 | 00d | 1148 || 1004
S0 | ceApramizzEazis | 00S | 1006 | 113E || oS
st | ceApramizzEazie | 007 | 1008 | 113E || oo
s12 | ceApramizzEazir | o0& | 1009 | 1144 || 1006
@ m
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2L ik T T A 202 EE AT
Model Number. 706 Stop: 06 Apr 2012 23:23:53
RMS Welghting A Welghting Feun Time: DI:12:04
Paak Weighting: Urmwedghted Pre Callbraton: 27 Mar 2012 22:29:00
Detector Slow Post Calloration: 11.Apr 2012 12:43:00
Gal: DdB Destation: 0.0 d8
Sample Period: 1 sacond Perods: 720
No. Time Leq Lmax Llpsak TWA Over ® =
L] e A 20T 23 TZTE oo T2 TI=E TOT.D
S14 | D6ADraOMZ23AZAS | 1014 | 1012 | 1184 || 101
SI5 | DAApraOM2 234220 | 044 | 012 | 1128 || 4001
S16 | DRADrICM2234T31 [ 042 | 014 | 1144 || 1012
SIT | DRAprIO223:4222 | D45 | 4016 | 114E || 1015
S18 | DRADraOI2231233 [ 1017 | 1018 | 1146 || 1017
513 | DGADroOM2231T34 | 1022 | 1024 | 1174 || 1022
520 | DRApraOI2231T3S | 027 | 1029 | 1165 || 1027
521 | DGADraMI2231Z36 | 103D | 1034 | 1165 || 1030
522 | D6ADrIOIZ231T3T | 1032 | 1033 | 165 || 1032
523 | DGADrIOMIZ231Z3E | 1033 | 1033 | 1165 || 1033
524 | DRADrIOI223:1220 | 1034 | 1035 | 1175 || 1034
525 | DRADrIOMI2231T30 [ 1037 | 1038 | 1133 || 1037 |
526 | DGADrIMIZ23ATI [ 1040 | 1042 | 1195 || 1040 ]
7 | GeApramizaaizaz | D4z | 1043 | 1174 || 142 ]
528 | DGADrIOIZ231ZI3 [ 1043 | 1044 | 1175 || 1043 |
520 | DGADrICIZ231Z34 | 1044 | 1045 | 1195 || 1044 ]
530 | GADrIMIZ21ZIS | 1045 | 1047 | 1137 || 1046 ]
531 | GADrIMIZ21ZI6 | 1045 | 1047 | 1137 || 1046 |
53 | DGAPrIMM223AZIT | D48 | 1049 | 1195 || 148 ]
533 | DGADrIMIZ231Z36 | 1045 | 1050 | 119E || 1048 |
53 | GADrIMIZ231Z30 | 1045 | 1048 | 1170 || 1048 ]
535 | 06ADraMIZ231Z4D0 | 105D | 1051 | 1194 || 1050 ]
5% | DGADraI2231Z41 | 105D | 1050 | 1195 || 1050 |
7 | DeApramizzizas | 1DEq | 1054 | 1220 || 1054 ]
53 | DGAprIOM223:1r43 | 1DE2 | 1053 | 1202 || 1052 ]
53 | DGAprIM2231T44 | D54 | 1056 | 120E || 1054 |
560 | DGAprIM2231T4s | D55 | 1059 | 1205 || 1058 ]
551 | DRADrICM2234T4E | D57 | 4058 | 1133 || 1057 ]
542 | GAprIMM223:1Z47 | DE7 | 1057 | 1202 || 1057 ]
543 | DGAprIMM223:1Z4E | 1DE7 | 1058 | 1205 || 1057 |
544 | DGAprIM223iTdo | D55 | 1058 | 1206 || 0SB |
565 | DGADrIM2231TSD | DS7 | 1058 | 119E || 1057 ]
566 | DRADrICM2234TS1 | 0S5 | 1058 | 1135 || 1058 ]
7 | seApramaziirs? | pss | dosq | 1205 || 1058 |
S48 | DAADrIOH223:1Z53 | DB | DE2 | 1207 (| 1061 ]
S: | DRAprICM223:4Z54 | DE2 | 1083 | 1202 || 1062 ]
S50 | DRApraMM223:4rsS | DE2 | D2 | 1204 || 1062 ]
551 | DRAprICM223:4T56 | DE3 | 1054 | 1220 || 1063 |
552 | DRAprICM2234TST | DE4 | 1054 | 1220 || 1064 ]
553 | DRAprICM223:4T5e | DE3 | 1054 | 1214 || 1063 ]
554 | DAAprICM2234TSe | DES | 1086 | 1214 || 1065 |
555 | DAAPrICM2234300 | DES | 1085 | 1217 || 1065 ]
556 | DAAprICM2234304 | DES | 1086 | 120E || 1065 ]
557 | DRApraOMI2231302 | DEG | 1057 | 1235 || 1066 ]
556 | DRADrIOMI2231303 | DET | 1088 | 1201 || 1067 ]
555 | DRADrIOMI2231304 | DES | 1059 | 119B || 1068
S50 | DAAPrIMM2234305 | DET | 1088 | 1204 || 1067 ]
551 | DAAprIOM2231306 | DES | 1088 | 1214 || 1068 |
552 | DRADrIOMI2231307 | 1DES | 1059 | 1214 || 1063 |
553 | DRADrIOMI2231306 | 1070 | 1071 | 1230 || 1070 ]
554 | DRApraOM2 231309 | 1074 | w072 | 1220 (| 1071 ]
555 | DADrIOM223:ATAD | 1074 | 1072 | 1214 (| 1071 ]
556 | DSApraM2ZIAZN | 1074 | 107 | 1222 (| 1071 ]
567 | DGADrIMIZ231312 | 1DES | 107.0 | 1211 || 1068 7
558 | DRADrIOI2231313 | DET | 1088 | 1201 || 1067 |
S50 | DRADrIOI2231314 | DET | 1088 | 1220 || 1067 ]
570 | D6ADrIMIZ23A3AS | 1DES | 107.0 | 1217 || 1068 ]
571 | DGAPraMIZ23ATME | 1070 | 1071 | 1230 || 1070 ]
ST | D6APrIMZ2EATAT | 1071 | 107 | 1214 || 1071 ]
573 | D6ADrIOMIZ2E:ATAE | 1071 | 1072 | 1220 (| 1071 ]
574 | D6APraMI223:1315 | 1071 | 1072 | 1214 (| 1071 ]
STE | DGAprIOM223:1330 | 1073 | 107.3 | 1204 || 1073 ]
STE | DGAprICM223A331 | 1072 | 1072 | 1214 || 1072 — ]
L i X 4




el NumGer ToasT T T A 072 T2 AT
Mod! Numier, 08 Stop: 06 Apr 2012 23:23:59
RMS Welghting AWaight Run Time: 0012200
Peak Waighting: Urnweighted Pre Callbraton: 27 Mar 2012 22:28:00
Detector Slow Post Calloration: 11 Apr 2012 12:43:00
can: 048 Devtation; Lo
Sample Perod 1 second Periods: 720
M. Time Leg Lmax Lpeak TWA Over @ m
=Ll WPFT&J'IEJ.&.'I.&.E i e TEda o
s78 | cempramizaEias | orz | vz | 1z2o || orz
578 | ceApro;izozizas | 407D | 074 | 1214 || 1070
5a0 | OeApramizeEiEes | 07 | 07 | 1z2z (| o7
sai | CeApra;izaaiEes | o7z | ion3 | 1z2o || o7z
sar | oempramizeEiEer | 1073 | 73 | 124 || 073
sa3 | oempra;izaaixes | o7z | v | 1ma || o7z
sa4 | oempromizeEizes | 074 | 075 | 1237 || 074
sas | ceApramizaaixan | 074 | o075 | 122z || 074
836 | cempramizzEimas | 074 | 0ms | 1237 || 07
sa7 | cempramizazixaz | 074 | dovd | 124 || 1074
536 | OEApramizeEEa3 | 1073 | iva | 1214 || 073
g3 | OEApro;izIEizas | 407D | 074 | 1214 || 1070
580 | OempramizeEizas | 070 | 1070 | 124 || 1070
581 | OEApra;iZ2a1x3E | DES | 1070 | 1225 || 1060
saz | ocempromizeEizar | De9 | 107 | 1214 || 1060
sa3 | CeApramizoEixas | 073 | 074 | 1230 || 1073
sad4 | ocempromizeEizas | 0TS | v | 124 || 7S
sas | cempramizaaiman | 07s | 0vs | 1m7 || o7s
536 | ceApramizeEizan | 07s | v | 1217 || 07s
sa7 | cempramizazizaz | o7s | iove | 1220 || 07s
536 | OEApromizeEizas | 0TS | 076 | 1222 || 1o7s
sp | cempromizaEizas | o7e | ionT | 1227 || 07
00 | OEApromizeEizas | 1076 | 1077 | 1230 || 1076
B | DGApra;izaadisE | 744 | 7am - -
Bz | DeApramizoEziss | 7EE | 7ed — -
803 | CeApraoizaazroOn | veE | 773 - -
604 | C6Apromizoazros | ve2 | 7aE | toas -
805 | eepromizazzzos | eve | @as | 1To || sy
06 | C6ApromizeEzros | eed | 1m1s | 1eE || sa
607 | cempramizaEzros | pzo | 104 | 1202 || 10z
06 | OEApro;mizeEzrOs | 034 | 1034 | 19a || 1034
608 | cempramizazzros | DRz | 104 | 19s || 0az
10 | C6ApromizeEzror | 033 | 1036 | 1183 || oA
g1 | CeApramizozazoe | dD3E | a7 | 1133 || 1036
612 | c6Apramizeazros | 1040 | 1043 | 1173 || 1040
613 | CeApramizaazsin | 044 | 045 | 1183 || 1044
614 | DeApronizoazenl | 1044 | 1045 | 1174 || 1044
615 | cempramizaEzraz | iD4q | inea | 174 || 1o
616 | CEApramizaazsis | 037 | i03s | 1Te || 0ar
617 | cempramizzzzris | 02s | 1036 | 1174 || 10as
18 | D6ApramizeEzsis | 035 | 036 | 1174 || 10as
618 | Cempramizazzzis | 0R4 | 1035 | 1174 || 1024
E20 | OGApromizeEzra? | 035 | 1036 | 170 || 108s
621 | sempramizzzzzis | 0ET | 03 | 1ea || 0ar
622 | ceApromizeazris | 039 | a1 | 17s || 10as
623 | UBApro;iz2azran | D4d | 108z | TS || 104
624 | CEApro;izaazres | o4z | ez | 174 || 1pdz
628 | cempromizazzror | D4z | ez | 1174 || 1z
626 | CEApra;izaaares | 040 | 044 | 1205 || 1040
627 | cempramizazzras | 0a7 | a9 | 1ea || 0ar
E26 | OGApromizaEares | 034 | 1035 | 170 || 1054
20 | cempramizoEzros | DEa | imaz | vTo || 10aa
630 | O6Apromizeazrey | oze | 1030 | 170 || 10z
831 | CempramizzEzros | DzE | 2 | 118S || 102
g3z | CeApra;izaazres | doza | im2s | T4 || 10z
633 | eApromizeazran | ozs | 26 | 7o || 1oes
63 | CeApra;izoazras | ozd | 25 | 165 || 1024
38 | cempramizazzrar | oza | wmes | 1iTe || 1oza
636 | CEApra;izaaaras | ozd | 25 | 1174 || 1024
637 | cempramizazzras | pza | io2e | 17D || 10z
638 | OCGApro;izeEaTas | 024 | 1026 | 1174 || 1024
638 | cempramizazzras | 027 | im2s | T4 || e
640 | OEApromizeEzrar | 030 | 103z | 1es || 10a0
G s ] 141
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[ Z=nal Humoer. L2452 LE [T o e e i
Modal Numiser; 706 Shop: 06 Apr 2012 23:23:58
RMS Weighting AWaight Run Time: DI:12:00
Peak Welghting:: Urrnesighied Pre Callbragon: 27 Mar 2012 Z2:23:00
Detector: Slow Prest Calloration: 11 Apr 2012 12:43:00
Gain: 0dB Diestation: D.0dB
Sample Perod 1 sacond Periods: 720

Mo, Time leq Lmax Lpaak TWA R
BT TR 20T 232538 TR THE LLEE TEEA
B42 D6Apra012 232239 | 1036 | 1087 | 1195 | 1036
B3 D6 Apra0i2 232280 | 1037 | 1087 | 175 | 1087
G624 D6Apra0D12 232241 | 1038 | 1040 | 1187 | 1036
645 D6Apra0D12 232347 | 1044 | 1042 | 1175 | 10410
628 D6 Apra0D12 232343 | 1043 | 1044 | 1187 | 1043
T D6 Apra0D12 232344 | 1043 | 1044 | 1196 | 1043
B2 DEApr2012 232345 | 1044 | 1045 133 | 144
B4 DEApr2012 222248 | 1043 | 1043 "M7e | 2
B30 D6Apra0i2 232247 | 1042 | 1042 | 1174 | 142
=] D6Apra012 232248 | 1044 | 1045 | 1195 | 1044
Ba2 D6 Apra012 232245 | 1045 | 1046 | 1187 | 145
653 D6 Apra0D12 232250 | 1047 | 1045 | 12068 | 1047
B34 D6Apra012 232251 | 1048 | 1048 | 1202 | 1046
B35 D6 Apra012 232352 | 10541 | 1052 | 1196 | 10514
636 D6 Apra0D12 232353 | 1053 | 1053 | 1205 || 1053
=T D6 Apra012 232354 | 1054 | 055 | 1206 (| 1054
E5E DEApr2012 232358 | 1085 | 1056 | 120E (| 1055
=) D6Apra012 232256 | 1056 | 1066 | 1205 || 1056
=1 D6Apra012 232257 | 1006 | 1067 | 1225 || 1056
Ba1 D6 Apr2012 232256 | 1056 | 1059 | 1206 | 1058
682 D6 Apr20D12 232258 | 10ED | 1060 | 1222 | 1060
653 D6 Apr2012 232300 | 1062 | 1063 | 1227 | 1062
654 D6 Apra012 2323041 | 1DE3 | 1064 | 1222 | 1063
685 D6 Apra012 232302 | 0BS5S | 1065 | 1214 | 1065
= DE6Apra012 232303 | 1067 | 1068 | 1217 (| 1067
E57 DEApr2012 232304 | 1DES | 107.0 | 1230 (| 1065
558 D6Apra0i2 232308 | 1072 | 1074 | 1225 | 1072
=) D6Apra012 232306 | 1073 | 1074 | 1245 | 1073
&70 D6 Apra012 232307 | 1074 | 1075 | 1232 | 1074
671 D6 Apra0D12 232306 | 1075 | 1075 | 1230 | 1075
672 D6 Apra0D12 232308 | 1075 | 1076 | 1232 || 1075
673 D6 Apra0D12 232310 | 1075 | 1076 | 1235 || 1075
674 D5 Apr 2012 232311 i076 | 1076 | 1220 | 1076
&75 D6Apra012 232312 | 1078 | 108.0 | 1253 (| 107.E
&7E D6 Apr2012 232313 | 1DED | 1084 1241 1060
&7T D6 Apr2012 222314 | 10BA i08.2 | 1232 || 1084
E7B D6Apra012 232315 | 1060 | 108.1 | 1230 | 1080
B79 D6 Apr2012 232316 | 1079 | 108.0 | 1227 || 1079
Ga0 D6 Apra012 232317 | 1079 | 108.0 | 1243 | 1075
61 D6 ApraD12 232316 | 1078 | 1079 | 1235 | 1076
632 D6 Apra012 232319 | 1078 | 1078 | 1237 | 1076
633 D6 Apra0D12 232320 | 1078 | 1078 | 1241 | 1075
584 D6Apra0D12 232321 | 1078 | 1078 | 1222 | 1076
6as D6Apra012 232322 | 1078 | 107.9 | 1227 (| 107.E
E3E D6 Apr2012 232322 | 10BA 108.1 1248 | 1081
= D6Apra0i2 232324 | 1062 | 108.2 | 1235 | 1062
638 D6 Apr2012 232325 | 1062 | 108.3 | 1230 | 1062
=) D6 Apra012 232326 | 1063 | 108.3 | 1227 | 1063
G630 D6 Apra0D12 232327 | 10641 | 1083 | 1232 | 1061
g3 D6 Apr2012 232328 | 1078 | 108.0 | 1225 | 1079
632 D6 Apra0D12 232329 | 1077 | 107.8 | 1214 | 1077
633 D6Apra0D12 232330 | 1078 | 108.2 | 1245 | 1079
694 D6 Apr 2012 23233 iDEZ | 1D3.3 | 1230 | 1062
-1 DEApr2012 232332 | 102 | 1083 | 1227 (| 1082
G386 D6 Apr2012 232333 | 1062 | 108.3 | 1235 | 1062
T D6 Apra012 232334 | 1063 | 108.3 | 1235 | 1063
G638 D6 Apra012 232335 | 1063 | 108.3 | 1232 | 1063
635 D6 Apra0D12 232336 | 1063 | 108.3 | 1235 | 1063
oo D6 Apr2012 232337 | 1062 | 108.3 | 1230 | 1062
T D6 Apr2012 232336 | 1063 | 108.3 | 1235 || 1063
oz D6 Apra012 232339 | 1064 | 1085 | 1247 | 1064
T2 D6Apra2012 232340 | 1DBS | 1086 | 1253 (| 10835
T4 D6 Apr 2012 232341 iDES | 1D3.E | 1232 | 1D8E
X0 4l
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iR F k) ET & J

706 Stop: 06 Apr 2012 23:23:53

A Wekghting Foun Time: DI:12:00

Urweighted Pre Callbraton: 7 Mar 2012 22:29:00

Slow Prest Calloration: 11 Apr 2012 12:43:00

0dB Deviation; 0.0 48

1s2cond Periods: T4

Mo, Time Leqg Lmzx Lpsak TWA Ower 2 n
5 | TEA T 32327 | T0EE | TS | 127 | e
i D6 ADra012 232343 | 1064 | 1084 | 1240 | 1064
a7 D6ADra012 232344 | 1063 | 1084 | 1235 | 1063
T0B D6 Apr2012 232345 | 1064 | 1083 | 1232 | 1064
i D6 Apr2012 232346 | 1064 | 1083 | 1235 | 1064
falil 06 Apra0i2 23:22:47 | 1DB3 | 1083 | 1251 | 1082
m 06Apr2012 232346 | 1DB3 | 1083 | 1230 () 1062
T2 D6 Apr2012 23:23:40 | 1DB3 | 1084 | 1241 () 1083
713 | DeApram22EIEsp | DB | 1084 | 1235 (| 1083
T4 D6Apr2012 232351 | 1062 | 108.2 | 1237 | 1062
o D6 Apra2012 232352 | 1062 | 108.2 | 1232 | 1062
e D6Apra2012 232353 | 1061 | 108.2 | 1227 | 1081
7 [6Apra0i2 232354 | 1DB1 | 1082 | 1247 () 10&1
TE 06Apr2012 23:23:55 | 1DE1 | 1082 | 1235 () 1061
T 06.Apr2012 23:23:56 | 1DB2 | 108.2 | 1230 (| 1062
T2 | ceApram22EIEsT | DB | 1084 | 1247 (| 1083

X 141
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[ S=fial Humioer. 2433 Starc e Apr 2072 Tridds
Modal Numiner: 706 Stop: 0 Apr 2012 221141
FIMS Welghting A Waikghti R Time 01201
Pazk Waighting:: Uraeighted Pre Callbraton 27 Mar 2012 22:23:00
Detecton. low Prest Calloration: 11 Apr 2012 12:43:00
Gain: 0 dg Deevlation. D.0d8
Zample Perod 1sacond Perods 721

Mo Time leq Lmax Lpssk TWA =
T ) T [=1HL) [==RE)
2 D6 Agr 2012 17:14:46 805 0.9
3 D6 Apr 2012 171447 915 2.3
4 D6 Agr 2012 17:14:46 94.0 951
a D6 Agr 2012 17:14:45 ars 98.5
6 D6 Apr 2012 17:14:50 o4 | 1020
7 DEADr20N2 171451 | 1006 | 1014
i D6 Apra0i2 171452 | 1015 | 1016
9 D6 Apra0i2 171453 | 1018 | 1021
10 D6 Apra0i2 171454 | 1023 | 1024
1 D6 Apr20i2 171455 | 1023 | 1025
12 D6 Apr2012 171456 | 1026 | 1027
13 D6 Apr2012 171457 | 1025 | 1026
14 D6 ADraci2 171458 | 1023 | 1024
13 D6 Apra0i2 171455 | 021 | 1022
18 7 018 | 1020
17 S 017 | 106
18 D6 Apra0i2 171502 | 1014 | 1015
13 D6 Apra0i2 171503 | 1013 | 1014
a D6 Apr20i2 171504 | 1014 | 1012
H D6 Apra012 171505 | 1008 | 1010
bl D6 Apr2012 1715068 | 1009 | 1010
3 D6 Apr2012 171507 | 1010 | 1011
24 D6 Apra0i2 171508 | 1008 | 101.0
23 D6 Agra0i2 171509 | 1006 | 1008
26 DEApr20N2 171510 | 1004 | 1005
7 05 Apr 2012 171511 004 | 1005
i D6 Apra0i2 171512 | 1003 | 1003
b D6 Apra2012 171513 | 1002 | 1003
| D6 Apra0i2 171514 | 1003 | 1004
3 D6 Apr2012 171515 | 1004 | 1DD.2
a2 06 Agr 2012 171516 959 2]
i D6 Agr 2012 71517 959 | 1000
L I 1000 | 100.0
] 1000 | 1004
-] 000 1001
i D6 Apr 2012 171521 Qz9 | 1D2.0
] D6 Apr 2012 171522 909 | 1000
] D6 Apr20N2 171523 | 1002 | 1004
41 D6 Apra0iz 171524 | 1004 | 1004
41 D6 Apra012 171525 | 1004 | 1005
42 D6 Apr2012 171526 | 1004 | 1004
43 D6 Apra0i2 171227 | 1003 | 1003
42 D6 Apra0i2 171528 | 1004 | 100.2
45 D6 Apr20n2 171528 | 1004 i00.2
45 D6 Apr2012 171530 | 1004 i00.2
47 D6 Apr 2012 171531 909 | 1000
45 D6 Apr 2012 171832 Qo7 @98
43 D6 Apr 2012 17:15:33 L] @7
=] D6 Apr 2012 171534 o954 a5
51 D6 Agr 2012 171535 9.5 =21
52 D6 Agr 2012 171536 906 =2
a3 D6 Agr 2012 171537 oo.8 2]
a4 D6 Agr 2012 17:15:38 9o.E o2 )
55 D6 Apr 2012 171538 ang @98
=] D& Agr 2012 171540 ooy ==
57 D6 Apr 2012 171541 Qo7 @98
58 D6 Apr 2012 171542 Qo7 @7
=] D6 Apr 2012 171543 9.6 @y
=] D6 Apr 2012 171544 9.6 @y
&1 D6 Agr 2012 171545 9.6 =21
62 D6 Agr 2012 17:15:46 905 =21
&3 D6 Agr 2012 171547 9oE =B
=8 D& Agr 2012 171548 ] 2]
IIl 4l
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[ Seral Mumier. rer k] HE UeApr 202 171243
Modal Numiner. T0B Shop: D& Apr 2012 271141
FIMS Welghting A Walghting Fiun Time: DOAZ01
Paak Wiighting:: Urweighied Pre Callbraton 27 Mar 2012 Z22:23:00
Detector low Posi Calloration 11 Apr 2012 12:43:00
Gain: 0dB Dieifation: 0.0 a8
Sample Penod 1 s2cond Pegiods 731

Mo, Time leq Lmax Lpeak TWA e
7] ) I LR Hh BT
=1 D6 Agr 2012 17215:50 906 \|mr | 1o
&7 D6 Apr 2012 171551 = = R
63 D6 Apr 2012 17215252 k] |e | 158
=2} D6 Agr 2012 17215253 o8 999 | 148
Ta D6 Apr 2012 17-15:54 o111 |6 | 1685
T D6 Agr 2012 17215255 o6 |E | 165
72 D6 Agr 2012 17215:56 905 26 | 148
73 D6 Apr 2012 17215257 Qo4 |4 | 1M6s
T4 D6 Agr 2012 172152568 o904 |5 | 158
73 D6 Apr 2012 17215255 an3 |6 | 1154
76 D6 Apr 2012 17-16:00 an3 |E | 174
w D6 Agr 2012 17-16:01 985 e | 158
73 D6 Apr 202 171602 953 4| NLE
™ D6 Apr 2012 17-16:03 o032 2| 148
&0 D6 Apr 2012 17-16:04 o904 994 | 1154
& D6 Apr 2012 17-16:05 and 4| 14E
&2 D6 Agr 2012 17-16:06 o903 94| 1354
&3 D6 Agr 2012 1721607 952 .3 | 154
84 D6 Apr 2012 17-16:08 o032 |2 | 1Mas
&3 D6 Apr 2012 17-16:09 ani 2| 158
&8 D6 Agr 2012 17216210 a1 2.2 | 154
ar D5 Apr 2012 17-16:11 and @1 178
&8 D6 Agr 2012 17216212 an1 @1 1148
=] D6 Apr 202 171613 251 |1 18E
e D6 Apr 2012 17216214 QoD @1 141
Ell D6 Agr 2012 17216215 989 90| 154
a2 D6 Apr 2012 17216216 988 @0 | 158
93 D6 Agr 2012 17216217 989 90 | 1M4E
s D6 Agr 2012 17216216 989 @1 170
85 D6 Apr 2012 171615 251 |1 14
95 D6 Apr 2012 17216220 ani @1 1139
ar D6 Agr 2012 17216221 989 2.0 | 158
53 D6 Apr 2012 17-16:22 2o |z | 170
« D6 Agr 2012 17-16:23 an1 @1 1159
100 D6 Aprani2 171624 251 |2 154
1 D6 Apr 2012 17-16:25 ani |3 | 1ar
1z D6 Agr 2012 17-16:26 903 94 | 158
102 D6 Agr 2012 1721627 952 .3 | 1es
104 D6 Apr 2012 17-16:26 03 |4 | 174
102 D6 Agr 2012 17-16:29 985 |mE | 170
108 D6 Apr 2012 171630 = |E | a2
a7 D6 Apr 2012 17216231 k] 9 | 1183
108 D6 Agr 2012 17-16:32 959 1000 | 170
li} D6 Apr 2012 17-16:33 o1 8 | 1685
110 D6 Apr 2012 17-16:34 | 1000 | 1004 170
m D6 ApraDi2 17216238 | 1002 | 100.2 | 1158
12 D6 Apra0i2 1716236 | 1002 | 1003 | 178
13 D6 Apr2012 17216237 | 1004 | 1004 | 1174
114 D6AQr2012 17216:36 | 1002 | 1004 | 1165
13 D6 Apr 2012 17-16:39 o8 ( 100D | 178
& D6 Apr 2012 17-16:40 | 1001 | 1005 | 1165
17 D6 Aprali2 171641 | 1008 | 0.0 | 178
118 D6 Apr 2012 17-16:42 | 1011 | 1014 170
113 D6 AQr2012 1721643 | 1008 | 1014 165
120 D6AQr20N2 1721644 | 1005 | 1007 | 18T
12 D6 Apr2012 17-16:45 | 1DD.E | 1010 | 1187
122 D6 Agr 2012 21:24:36 ] 851 | 1069
123 D6 Apr a0 212437 SE4 9.8 | 12T
124 D6 Apr 2012 21:24:38 Q926 938 | M3s
125 D6 Agr 2012 21:24:39 249 258 | 144
126 D6 Apr 2012 21:24:40 965 976 | 1154
127 D6 Apr 2012 21:24:41 98T 94| 1354
128 D6 Aprania 21:24:42 9e7 | 0.2 | 144
IIl 4l
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[ Cafial FNumoer. [iREEE] St e Apr A2 Tri845
Moda! Numiser: 0B Shop: 05 Apr 2012 22:11:41
RMS Welghting AWalghting Riun Time: 001201
Paak Weilghting:: Urnwedghbed Pre Callbraton: 27 Mar 2012 22:23:00
Detector: I Post Callorat 1A 2012 12:43:00
Gain: 0'dB Dieviation: 0.0 d8
Sample Perod 1 sacond Perlods 7

Mo, Time Leq  Lmax m
T ) AT TOOE TOT.2
130 D6 Apra0Di2 212444 | 1013 | 1014
13 D6 Apra0i2 212445 | 1016 | 1019
132 06 Apr2012 21:24:46 | 1021 | 1023
133 D6 Apr2012 212447 | 1022 | 1023
134 D6 Apr2012 21:24:48 | 1023 | 1023
135 D6 Apr2012 21:24:48 | 1021 | 1022
136 D6 2pr2012 2122450 | 1020 | 1020
137 D6 Apra0i2 212451 | 1021 | 1022
138 D6 Apra012 212452 | 1021 | 1022
138 D6 Apr2012 2122453 | 1021 | 1022
140 D6 Apra0i2 212454 | 1020 | 1024
141 D6 Apra012 212458 | 1020 | 1024
142 D6 Apr2012 2122456 | 1016 | 1020
142 D6 Apr2012 212457 | 1017 | 1018
124 D6 Apr2012 212456 | 1016 | 1018
142 D6 Apr2012 2122458 | 1018 | 1.8
148 D6 Apra012 212500 | 1018 | 1019
147 D6 Apra012 212501 | 1018 | 1018
128 D6 Apr2012 2122502 | 1016 | 1018
142 DEApr2012 2122802 | 1019 | 1.8
130 D6 Apra012 212504 | 1020 | 1020
131 D6 Apr2012 2122506 | 1020 | 1020
152 D6 Apr2012 2122506 | 1019 | 1020
133 D6 Apr2012 2122507 | 1018 | 1020
134 D6 Apr2012 2122506 | 1018 | 1020
135 D6 Apra012 212509 | 1019 | 1020
136 D6 Agra012 2125010 | 1020 | 1020
1a7 06 Apr 2012 2122511 018 | 1020
138 D6 Apr2012 2122512 | 1016 | 1018
139 D6 Apra0i2 21225013 | 1006 | 1007
160 D6 Apra0i2 2125014 | 1005 | 1016
&1 D6 Apra012 212515 | 1015 | 1015
162 D6 Apr2012 212516 | 1015 | 1016
1683 D6 Apr2012 2122517 | 1015 | 1016
154 D6 2pr2012 2122818 | 1015 | 1.6
183 D6 Apra012 2122518 | 1015 | 1016
166 D6 Apra012 212520 | 1016 | 1007
187 D6 Apr2012 212521 | 1017 | 1018
168 D6 Apra0iz 212522 | 1007 | 1007
169 D6 Apra012 2122523 | 1007 | 1007
170 D6 Apr2012 2122524 | 1019 | 1020
" D6 Apr2012 212525 | 1018 | 1018
172 D6 Apr2012 2122526 | 1016 | 1018
173 D6 Apr2012 212537 | 1007 | 1007
174 D6 Apra012 212528 | 1007 | 1018
175 D6 Apra0i2 2122529 | 1007 | 1018
176 D6 Apr2012 212530 | 1015 | 1016
17T D6 Apr 2012 2122531 014 | 1014
178 D6 Apra012 2122532 | 1014 | 1014
179 D6 Apra012 2122533 | 1013 | 1014
180 D6 Apra012 212534 | 1013 | 1013
181 D6 Apr2012 2122535 | 1013 | 1014
182 D6 Apr2012 2122536 | 1017 | 1018
183 D6 Apra012 2122537 | 1018 | 1018
134 D6 Apr2012 212536 | 1016 | 1018
135 D6 Apr2012 2122538 | 1016 | 1018
186 D6 Apr2012 21:25:40 | 1020 | 1020
187 D6 Apra0i2 212541 | 1019 | 10189
188 D6 Apra012 212542 | 1021 | 1022
189 D6 Apr2012 21:25:43 | 1022 | 1022
130 D6 Apra0D12 212544 | 1029 | 1024
19 D6 Apr2012 212545 | 1029 | 1024
192 D6 Apr2012 2122546 | 1022 | 1022
:Ii 4l
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SR o33 GiET T Apr 2072 171245
Modsl Humiser. TOE Stop: 05 Apr 2012 22:11:41
RMS Welghting: AWaighting Run TIme:; O0:12:01
Peak Welghting:: Urieighted Pre Cailbraton: 27 Mar 2012 22:29:00
Detactor, Slow Post Calloration: 11 Apr 2012 12:43:00
can: 4B Devlation: .08
Samgle Perod 1s2cond Pesiods: 721

Mo Time Leg Lmax Lpeak TWA - T
LEE] TE RO 20T 2T 2557 T2 T3 L ERD
194 | DEAproDiz2e2ese | io2o | o2 | 1950
195 | oeApramizzizses | e | s | nse
196 | DEADra0IZ2125:50 | 1020 | ®2a | 150
197 | DEAProOIZ2e2ssi | 1021 | o2 | 150
198 | DEApraDizaizssr | ioz1 | o2 | 195D
199 | DEApraoiz2e2ss: | iozo | 2o | 15D
200 | DEAProDIZ U254 | DME | 01D | 1950
201 | DEAprIDIZ 22555 | 101D | DS | 197D
202 | DEAPrI0IZ 22556 | 1020 | 20 | 1955
203 | DEAProDIZ 292857 | 01D | 20 | 150
204 | DEAPraOIZ2U2E:58 | 1010 | 020 | 1954
25 | DEAProOIZ2N2E58 | 01D | 01D | 1954
€ | DGADrIDIZ 22600 | 045 | 010 | 1985
207 | DEAPrIOIZ2O2601 | 048 | 20 | 1950
206 | DEADrIDIZ 22602 | 020 | 021 | 1950
200 | DEADrIDIZ2U2603 | 2z | 024 | 185
210 | DGAprIDIZ 3604 | 1023 | 24 | 197D
201 | DEAPraOIZ 22605 | 2z | 023 | 1154
212 | DEADrIDIZ 22606 | DME | 020 | 17D
213 | DEAPraOIZ2U2607 | 047 | 007 | 1950
214 | DEADroDIZ2U2608 | 1015 | 020 | 17D
IS | DGAprIDIZ 2608 | 1040 | G20 | 1183
216 | DEAPr20IZ 202610 | 046 | fO0E | 1154
217 | DSApr2IZ2EEEM | D16 | 007 | 1950
218 | DEADrIDIZ 22642 | 047 | 007 | 145D
210 | DEAPraOIZ 202643 | 047 | OB | 1RO
220 | DEADrIDIZ U264 | D16 | 00T | 114E
22 | DEAprIDIZ 22645 | 046 | 007 | 197D
220 | DEADrIDIZ U266 | D45 | D16 | 1154
223 | DEADrIDIZ U267 | 012 | 1014 | 1154
224 | DEADrIDIZ 22648 | 043 | 003 | 1958
25 | DEAPrIOIZ2U264% | 014 | D15 | 1183
26 | DEADrIDIZ2O26:20 | 045 | G016 | 115D
7 | D6ApraDIZI:aEEi | DA | DIE | 114E
2E | DEAPrIOIZ2N26:22 | 045 | DG | 1D
200 | DEADrIOIZ2U26:23 | D46 | DB | 17D
730 | DGAprIDIZ 2624 | 1040 | 020 | 17D
23 | DEADrIDIZ 22625 | 020 | o2 | 1183
237 | DGADrIDIZ 22636 | 021 | 2z | 1485
233 | DEAPrIOIZ2O26:27 | D23 | w23 | 1183
234 | DEADrIDIZ U268 | D23 | w23 | 17D
23 | DGADrIDIZ 2628 | W2z | 023 | 195D
236 | DEADrIOIZII2E30 | w21 | ez | nsm
237 | DEAPraOIZ2U26:31 | 20 | w2z | 17D
238 | DEADrIOIZ 292637 | D24 | G025 | 185
230 | DEADrIDIZ 2633 | 025 | 25 | 1485
250 | DEADrIOIZ U263 | 24 | w25 | 1950
281 | DEADrIDIZ 22835 | 025 | 026 | 1985
262 | DEADrIOIZ 203456 | o34 | maa | 174
263 | DEADrODIZ 203487 | 4B | DEE | 1154
244 | DEADrIDIZZI34SE | oSBT | D0z | 1174
265 | DEADrIOIZ 203440 | D46 | D25 | 1183
266 | DEADrODIZ 203450 | 1020 | w033 | 17
7 | D6ApraDiZ2i:a4si | D36 | 1030 | 1194
268 | DEADrIOIZ20:34:52 | 104D | D8 | 1935
240 | DEADrIDIZ 23453 | 1044 | ez | 1135
250 | DEADrIDIZZi34Sd | 1040 | D44 | 1174
251 | DEAPraOIZ 203455 | 1044 | D& | 1983
252 | DEAPro0IZ 293456 | 1044 | 1047 | 1194
253 | DEADrIDIZ2N34:ST | 1047 | a7 | 1487
254 | DEADrIOIZ20:34:38 | 4B | fDS0 | 1183
255 | DEADrIOIZ 293453 | MDED | 0S4 | 1202
25 | DGApra0IZ24:3500 | 4043 | D50 | 1194
X 141
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[ enal Hurmoer. Leds3 alac e AR 2012 171345
Modal Nurmiser; 106 Shop: D5 Apr 2012 22:11:41
RMS Weighting AWaighting R Time: D120
Peak Weighting:: Urraeighted Pre Callbragon: 27 Mar 2012 z2:29:00
Detactor, Slow Post Calloration: 11 Apr 2012 12:43:00
Gain: 0 dB Deeviation 0.0 a8
Zample Penod 1 sacond Periods 72

Mo, Time leq Lmax Lpsak TWA %
=T e AT 20T 21351 oo 0.0 T3
238 D6 Apr2012 213502 | 1081 | 1062 | 13X2
250 D6 Apr2012 21:3503 | 1052 | 10653 | 1187
260 D6 Apr2012 213504 | 1053 | 1055 | 13X02
251 D6 Apr2012 21:3505 | 1058 | 1061 | 1214
252 D6 Apra012 213506 | 1DE3 | 1064 | 1205
263 D6 Apr2012 213507 | 10BS | 1066 | 1217
284 D6 Apr2012 213006 | 10B6E | 1067 | 125
260 06 Apr2012 21:3509 | 1DET | 106.7 | 1306
266 06 Apr2012 21:35:10 | 1DET | 1067 | 1302
a7 D06 Apr 2012 213511 iDEE | 1067 | 1X)2
268 D6 Apr2012 21:35012 | 10B4 | 1065 | 1214
269 06 Apr2012 21:35:13 | 10BE | 1067 | 1217
270 D6 Apr2012 21:35:14 | 1DES | 1065 | 1305
I D6 Apr2012 21:3515 | 1DBE2 | 1063 | 1195
72 D6 Apr2012 21:3516 | 1DED | 1061 | 1306
73 D6 Apr2012 21:3517 | 1058 | 1059 | 1202
274 D6 Apr2012 2135016 | 1058 | 1069 | 1X2
273 D6 Apr2012 2135019 | 1057 | 1068 | 1195
276 06 Apr2012 21:35:20 | 1057 | 1057 | 13H)2
T D6 Apr2012 2935221 | 1057 | 1057 | 1194
278 D6 Apr2012 21:38:22 | 10S6 | 1056 1196
279 D6 Apr2012 213523 | 1085 | 1066 | 1194
280 D6 Apr2012 21:35:24 | 1085 | 1065 | 1198
il 06 Apr2012 21:35:25 | 1052 | 1054 | 1183
282 06 Apr2012 21:3526 | 1050 | 1050 | 13H02
283 D6 Apr2012 21:3527 | 1048 | 4050 | 1183
284 D6 Apr2012 21:3526 | 1046 | 1047 | 1187
285 D6 AQra012 213529 | 1045 | 1045 | 1174
286 D6 Apr2012 21:35:30 | 1043 | 1044 | 1194
287 D6 Apr2012 213531 | 1044 | 1045 | 1187
288 D6 Apr2012 21:35:32 | 1045 | 1045 | 1174
289 D6 AQra012 21:3533 | 1045 | 1045 1Mar
90 D6 Apr2012 213534 | 1046 | 1046 | 1183
1 D6 Apr2012 21:35:38 | 1045 | 1045 | 1195
a2 D6 Apr2012 21:35:36 | 1045 | 1045 | 1175
3 D6 Apr2012 213537 | 1045 | 1046 | 1198
4 D6 Apr2012 21:35:36 | 1045 | 1046 | 1187
35 D6 AQr2012 21:35:39 | 1047 | 1047 | 1187
296 D6 Apr2012 21:30:40 | 1046 | 1047 | 1175
T D6 Apr2012 21:35:41 | 1046 | 1047 | 1175
38 D6 Apr2012 21:35:42 | 1046 | 1047 | 1187
a9 D6 Apr2012 21:35:43 | 1045 | 1046 | 1175
0 D6 Apr2012 21:35:44 | 1046 | 1046 | 1187
1 D6 AQr2012 213045 | 1044 | 1045 | 1175
2 D6 Apr2012 21:30:46 | 1043 | 1044 | 1187
2 D6 Apr2012 21:35:47 | 1044 | 1044 | 1174
34 D6 Apr2012 21:35:48 | 1044 | 1045 | 1187
s D6 Apr2012 213540 | 1045 | 1046 a7
e D6 Apr2012 213550 | 1046 | 1046 | 1174
7T D6 Apr2012 213551 | 1047 | 1047 | 1183
HE D6 Apr2012 21:35:52 | 1046 | 1047 | 1194
Fo D6 Apr2012 21:35:53 | 1046 | 1047 | 1220
O D6 Apr2012 21:35:54 | 1047 | 1047 | 1206
m D6 Apr2012 21:35:55 | 1047 | 1047 | 1183
2 D6 Apr2012 21:35:56 | 1047 | 10459 | 1198
3 D6 Apr2012 21:35:57 | 1050 | 1050 | 1214
34 D6 Apr2012 21:35:56 | 1049 | 1051 | 13H02
I D6 Apr2012 21:35:59 ( 1050 | 1051 | 1305
3E D6 Apr 2012 213600 | 1054 1051 1202
T D6 Apr2012 2136001 | 1081 | 1064 1ar
HE D6 Apr2012 213602 | 1080 | 1061 | 1222
Eak D6 Apr2012 21:36:03 | 1049 | 1049 | 13H1E
20 D6 Apr2012 21:36:04 | 1049 | 1050 | 1232
0 il
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[ Sarial NumDer 433 Start e Apr 2072 771445
Modal Numiser; 106 Shop: D5 Apr 2012 22:11:41
RMS Welghting AWsighting Run Time: D3:12:01
Peak Wekghting:: Urrnesighted Pre Callbragon: 27 Mar 2012 Z2:23:00
Defactor; low Post Calloration; 11 AR 2012 12:43:00
Gain: 0dB Dieviation: 0.0g8
Sample Perod: 1 sacond Periods; 721

Mo, Time leq Lmax Lpsak TWA Oner @ n
74 Te A 20T 21360 e T | Ll=E
22 D6 Apr2012 21:3606 | 1049 | 10459 | 1196 | 1049
23 D6 Apr2012 213607 | 1049 | 1049 | 1225 | 149
324 D6 Apr2012 21:36:06 | 1050 | 1051 | 1214 || 1050
A28 D6 Apr2012 21:36109 | 1050 | 1051 | 1Z20 | 1050
26 D6 Apr2012 21:36:10 | 1048 [ 1050 | 1195 | 1045
=T 06 Apr 2012 2138211 i0c0 | 1050 | 1202 || 1050
28 D6 Apr2012 21:36:12 | 1050 | 1051 | 1302 || 1050
20 D6 Apr 2012 21:36:13 | 1081 | 1054 1198 (| 1051
330 D6 Apr2012 21:36:14 | 1053 | 1055 | 1232 | 1053
33 D6 Apr2012 21:36:15 | 1054 | 1055 | 1196 | 1054
332 D6 Apr2012 2136016 | 1054 | 1065 | 1253 | 1054
i3 D6 Apr2012 21:36:17 | 1085 | 1065 | 1245 | 1055
334 D6 Apr2012 2136016 | 1054 | 1054 | 1230 | 1054
330 D6 Apr2012 21:36:19 | 10241 | 1053 | 1195 | 1051
3368 D6 Apr2012 21:36:20 | 1045 | 1050 | 1195 | 1048
337 D6 Apr201Z 213621 | 1047 | 1048 | 1175 | 1047
338 D6 Apr2012 21:36:22 | 1049 [ 10650 | 1220 | 1049
339 D6 Apr2012 21:36:23 | 1049 | 1050 | 1222 | 1049
B D6Apr2012 21:36:24 | 1049 [ 10850 | 1214 | 10459
31 D6Apra01Z 213625 | D48 | 1028 | 1227 | 14E
382 D6 Apr2012 21:36:26 | 1049 | 1049 | 1205 | 149
3 06 Apr201Z 213627 | 1048 | 1028 | 1131 | 145
S D6 Apr2012 21:36:26 | 1048 | 1050 | 1196 | 1048
343 06 Apr2012 213629 | 105D | 1051 | 175 | 1050
3B D6 Apr2012 21:36:30 | 1050 | 1051 | 1214 | 1050
T D6 Apr2012 21:36:3 | 1054 | 1051 | 1257 | 1054
3B D6 Apr2012 21:36:32 | 1053 | 1054 | 1196 | 1053
348 D6 Apr2012 21:36:33 | 1053 | 1054 | 135 || 1053
350 D6 Apr2012 21:36:34 | 1052 | 1052 | 1194 | 1052
1 D6Apr2012 213638 | 1084 | 1062 | 132 | 10681
352 D6 Apr2012 21:36:36 | 1054 | 10541 | 1302 | 1054
353 D6 Apr2012 213637 | 1084 | 1061 | 1Z20 | 1081
354 D6 Apr2012 21:36:38 | 1054 | 1052 | 1194 | 1054
E D6 Apr2012 21:36:39 | 1002 | 1062 | 1222 | 1062
356 D6 Apr2012 21:36:40 | 1052 | 052 | 1225 | 1052
T D6 Apr2012 21:36:41 | 1083 | 1054 | 1196 | 1053
358 D6 Apr2012 21:36:42 | 1054 [ 1051 | 1217 | 1054
350 D6 Apr2012 21:36:43 | 10541 | 105.2 | 1196 | 1051
60 D6Apr2012 21:36:44 | 1052 | 10683 | 1230 | 1082
1 D6 Apr2012 21:36:45 | 10841 | 1062 | 1222 | 1051
2 D6 Agr 2012 21:45:30 To4 &1 — BaD
a3 D6 Apr 2012 21:45:3 810 2.5 | 1055 B0
B4 D6 Agr 2012 21:45:32 4.0 g5.2 | 1039 B39
Ei D6 Apr 2012 21:45:33 GB.4 908 | 1095 Ba.3
366 D6 Agr 2012 21:45:34 244 95.2 | 1144 W3
i D6 Apr 2012 21:45:35 969 53.1 1141 Se.D
E 06 Apr 2012 21:45:36 951 [ 1000 | 1154 a1
360 D6 Apr2012 21:4537 | 1005 | 1014 170 (| 1005
370 D6 Apr2012 21:45:36 | 1016 | 1020 | 1165 | 1016
k| D6 Apr2012 21:45:39 | 1024 | 9027 | 1155 | 1024
37z D6 Apr2012 21:45:40 1030 | 1034 155 (| 1030
73 D6 Apr2012 21:45:41 | 1033 | 1034 | 1174 | 1033
374 D6 Apr2012 21:45:42 | 1035 | 1036 | 1174 | 1085
s D6 Apr2012 21:45:43 | 1037 | 9038 | 1170 | 1087
376 D6 Apr2012 21:45:44 | 1038 | 1038 | 1174 | 1036
T D6 Apr2012 214545 | 1037 | 1088 | 1165 | 1087
3B D6 Apr2012 21:45:46 | 1035 | 1036 | 1170 | 1035
k) D6 Apr2012 214547 | 1035 | 1036 | 1183 | 1085
380 D6 Apr2012 21:45:48 | 1034 | 1035 | 1165 | 1034
1 D6 AQr2012 214549 | 1034 | 1034 | 1170 | 1034
332 D6 Apr2012 21:45:50 | 1033 | 1034 | 1155 | 1033
33 D6Apr2012 214051 | 1032 | 1083 | 1165 || 1082
384 D6 Apr2012 21:45:52 | 10341 | 103.2 | 1175 | 1031
0 14
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[ Z=hal Humioer. L2453 LiE [T el g L
Modal Mumber: TDE Shop: 05 Apr 2012 221141
RMS Weighting Awaight Run Time: 00 12:01
Peaak Weighting:: Urrnesighted Pre Callbragon: 27 Mar 2012 222300
Detector o Post Calloration: 1A 2012 12:43:00
Gain: Dieiation: 0.0 a8
Sample Pefod 1 sacond Periods: [ral

Mo, Time leq Lmax Lpssk TWA Oner IR
o) ) LT ]ra) O T TS
386 D6 Apr2012 21:45:54 | 1026 | 9028 | 1155 | 1026
T D6 Apr2012 2145558 | 1023 | 1024 | 1155 | 1023
88 D6 Apr2012 214556 | 1021 | 1022 | 1165 | 1021
o D6 Apr2012 214557 | 1020 | 1024 1134 (| 1020
0 D6 Apr2012 2145256 | 1020 | 1020 | 1170 | 1020
El D6 Apr2012 214559 1021 | 1024 1&g (| 1021
2 06 Apr2012 214600 | 1021 | 1022 | 1148 | 1021
3 D6 Apr2012 2146004 | 1022 | 1023 | 1174 | 1022
a4 D6 Apr2012 21:46:02 | 1022 | 1023 | 1155 | 1022
E D6 Apr2012 21:46:03 | 1021 | 022 | 1155 | 1021
398 D6 Apr2012 21:46:04 | 1020 | 1024 174 (| 1020
T D6 Apr2012 21:4605 | 1018 | 018 | 1155 | 1016
B D6 Apr2012 21:46:06 | 1018 | 018 | 1155 | 1016
FaL D6 Apr2012 214607 | 1018 | 1018 158 || 101.E
400 D6 Apra012 214608 | 1016 | 1007 154 | 1016
4 DEApr2012 214609 | 1015 | 1.5 158 || 1.8
402 D6 Apr2012 214610 | 1015 | 1016 174 | 1E
403 05 Apr 2012 214811 1016 | 1018 | 1165 | 1016
404 D6 Apr2012 2146112 | 1019 | 1019 | 1155 | 1019
40z D6 Apr2012 21:46:13 | 1020 | 1020 | 1170 | 1020
408 D6 Apr2012 21:46:14 | 1021 | 1022 | 1165 | 1021
I D6 Apr2012 2186115 | 1022 | 1023 | 1165 | 1022
408 D6 Apr2012 21:46:16 | 1023 | 1023 | 1174 | 1023
408 D6 Apr2012 21:46:17 | 1023 | 1023 | 1195 | 1023
410 D6 Apr2012 21:46:16 | 1023 | 1024 | 1183 | 1023
41 D6 Apr2012 21:46:19 | 1022 | 4023 | 1183 | 1022
412 D6 Apr2012 21:46:20 | 1021 | 022 | 1174 | 1021
413 D6 Apr2012 21:46:21 | 1018 | 1020 | 1202 | 1015
414 D6 Apr2012 2146222 | 1019 | 1020 | 1155 | 1019
413 D6 Apr2012 214623 | 1021 [ 1023 | 1194 | 1021
418 D6 AQr2012 214624 | 1024 | 1024 | 1187 | 1024
47 D6 AQr2012 21:46:25 | 1024 | 1024 | 1175 | 1024
418 D6 Apr2012 2146226 | 1023 | 1023 | 1170 | 1023
418 D6 Apr2012 214627 | 1023 | 1024 | 1133 | 1023
420 D6 Apr2012 214626 | 1025 | 1025 | 1174 | 1025
a1 D6 Apr2012 21:46:29 | 1025 | 1026 | 1202 | 1025
422 D6 Apr2012 21:46:30 | 1025 | 1026 | 1195 | 1025
423 D6 Apr2012 21463 | 1024 | 1024 | 1183 | 1024
424 D6 Apra012 214632 | 1023 | 1024 M7D || 1023
425 D6 Apr2012 214633 | 1022 | 1023 165 || 1022
428 DEADr2012 214634 | 1024 | 1025 1558 || 1024
T D6 Apr2012 214638 | 1025 | 1025 191 s
428 D6 Apr2012 214636 | 1025 | 1026 | 1165 | 1025
428 D6 Apr2012 214637 | 1027 | 1028 | 1165 | 1027
430 D6 Apr2012 214636 | 1028 | 1028 | 1170 | 1026
43 D6 Apr2012 214639 | 1027 | 1028 | 1170 | 1027
43z D6 Apr2012 21:46:40 | 1026 | 1027 | 1155 | 1026
433 D6 Apr2012 21:46:41 | 1026 | 1027 | 1174 | 1026
434 D6 Apr2012 21:46:42 | 1027 | 1028 | 1183 | 1027
435 D6 Apr2012 21:46:43 | 1028 | 1028 | 1183 | 1026
438 D6 Apr2012 21:46:44 | 1028 | 1028 | 1183 | 1025
437 D6 Apr2012 21:46:45 | 1028 | 103.0 | 1183 | 1025
438 D6 Apr2012 21:46:46 | 1028 | 103.0 | 1165 | 1026
438 D6 Apr2012 21:46:47 | 1028 | 1028 | 1187 | 1026
440 D6 Apr2012 214648 | 1029 | 1029 | 1175 | 1029
421 D6 Apr2012 21:46:49 ( 1029 | 1029 | 1170 | 1029
422 D6 Apr2012 21:46:50 | 1029 | 1029 | 1174 | 1029
422 D6 Apr2012 21:46:51 | 1028 | 1029 | 1179 | 1026
422 D6 Apr2012 21:46:52 | 1028 | 1028 | 1170 | 1026
428 D6 Apr2012 21:46:53 | 1027 | 1028 | 1155 | 1027
428 D6 Apr2012 21:46:54 | 1026 | 1026 | 1175 | 1026
T D6 Apr2012 21:46:55 | 1026 | 1027 | 1165 | 1026
428 D6 Apr2012 21:46:56 | 1026 | 1026 | 1170 | 1026
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[ Sarial Mumioer. 433 Stat e Apr 20T 171845
Model Numminer, 106 Shop D5 Apr 2012221141
FMS Welghting A'Waighti Fiur Time: DO 12:01
Peak Weighting:: Urrneighted Pre Callbraton: 27 Mar 2012 Z2:73:00
Detactor Slow Post Calloration: 11 Apr 2012 12:43:00
Gain; 0 dB Dreifation; 0.0 a8
Sample Penod 1 s2cond Pegiods: 721

Mo Time leq Lmax Lpeak TWA e

BEZE 1T TS TOLE LR

450 D6 Apra0i12 214658 | 1024 | 1024 (| 165
451 D6 Apra012 21:46:50 | 1024 | 1025 ( 1174
452 D6 Apra0i2 214700 | 1025 | 9026 [ 1194
453 D6 AQra0i2 214701 | 1025 | 1026 | 170
434 DEApra0iz 214702 | 1025 | 1025 ( 1174
455 DEApra0iz 214703 | 1024 | 1024 | 1183
456 DEADra0z 214704 | 1024 | 1025 ( 1159
457 D6Apra0i2 214705 | 1025 | 1025 | 170
458 DEApr2012 214706 | 1025 | 1025 1174
455 D6 AQra0i2 214707 | 1022 | 1024 | 1154
450 DEApra012 214708 | 1019 | 102D ( 1159
451 D6Apra0i2 214708 | 1018 | 1018 | 148
452 DEApr2012 214710 | 1047 | 1017 114E
453 D& Apr 2012 2124711 1018 | 1018 | 1154
454 DEApraoiz 214712 | 1017 | 1016 | 1154
455 D6 Apra0iz 214713 | 1016 | 1020 | 1154
456 D6 Apra0i2 214714 | 10241 | 1021 178

57 D6 Apra0i2 214715 | 10249 | 1022 [ 165

& DEAQra0i2 214716 | 1020 | 1022 | 148
455 D6 Apra0i2 214747 | 1017 | 119 ( 170
470 DE6Apra0i2 2147168 | 1016 | 1016 | 165
471 DEApr2012 214718 | 1016 | 101.7 178
472 DEApra0iz 214720 | 1006 | 1007 | 1154
473 D& Apraoiz 214721 | 1018 | 1021 1159
474 D6 Apra0iz 214722 | 1021 | 1022 ( 165
475 D6Apra0i2 214723 | 1022 | 1023 | 165
476 DE6Apra0i2 214724 | 1022 | 1024 | 1158
47T DEApra0iz 214725 | 1023 | 1024 | 165
478 D6 Apra0iz 214726 | 1021 | 1023 | 1154
47e D6 Apra0i2 244727 | 1016 | 1016 | 148
430 DEApra0i2 214728 | 1014 | 1014 | 1154
451 DEApra0iz 214725 | 1014 | 1006 | 159
452 D& Apr 2012 21:57.22 TeT Ta.8 -
433 06 Apr 2012 215723 Fj: ¥ 836 | 1M9
434 D6 Apr 2012 21:57:24 G649 856 | 1086
435 D6 Apr 2012 215725 g2a9 3.8 -
4B3E D6 Apr 2012 215726 816 823 | 1058
437 D06 Apr 2012 215727 940 9.7 | 1ar
438 D6Apra012 2125728 | 1004 | 1021 1198
438 D6 Apra0i12 215729 1034 | 1038 | 1217
430 DEAQra0i2 21:57.30 | 1042 | 1044 ( 1214
431 D6 AQra0i2 215731 | 1045 | 1045 [ 1214
432 D6 Apra0iz 215732 | 1045 | 1046 | 1214
433 DEAprai2 2135733 | 1047 | 1049 ( 1235
434 D6Apra012 2125734 | 105D | 1052 | 1232
433 DEApr2012 215735 | 1083 | 1055 | 1230
436 D6 Apra012 2135736 | 1057 | 1069 ( 1235
437 D6 Apr2012 215737 | 1DE3 | 1065 | 1232
438 D6Apra012 2125738 | 1DES | 1066 | 1220
438 DEApr2012 215738 | 1DES | 107.0 | 1214
SO0 D& Apra0i2 215740 | 1072 | 107.2 | 1217
il D6 Apra012 215741 | 10BS | 1072 | 12232
S0z D6 Apra0iz 215742 | 1DBE6 | 1067 | 1206
503 D6Apra0i2 215743 | 1DE4 | 1064 ( 1217
S04 DEApra0iz 215744 | 10B3 | 1064 1206
i D6 Apra012 2135745 | 1DE3 | 1064 1235
506 D6 Apra012 2135746 | 1DBEZ | 1063 | 1222

T D6 Apr2012 215747 | 1056 | 106D | 1206
S0E DEApr2012 215748 | 1056 | 1057 | 1217
i D6 Apra0i2 215745 | 1083 | 1054 ( 1206
10 D6 Apra012 2135750 | 1020 | 1081 198
an D6 Apra012 2135751 | 1045 | 1049 ( 1206
512 D6Apra012 2125752 | 1046 | 1046 ( 1195
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[ Cafial NUmoer iREEE] St e Apr 2072 Tri845
Modal Numioer: 706 Shop: D5 Apr 2012 22:11:41
RMS Welghting AWslghting Rin Time: 001201
Peak Wekghting:: Urrnesighted Pre Callbragon: 27 Mar 2012 222300
Detector: I Post Calloratl 11 Apr 2012 12:43:00
Gain: 0dB Diestation: D.0dB
Zample Pefod 1 s2cond Perinds: 721

Mo, Time leq Lmax lLpeak TWA xn
o1 TEFROr 20T IT575F | 043 | =5 | T20Z
514 D6Apra0i2 215754 | 1040 | 1042 | 1198
Ek D6 Apr20D12 215755 | 10389 | 1040 | 1208
S1E D6 Apr 2012 21:57: 1036 | 103.8 | 1196
T D6Apra012 215757 | 1035 | 1085 | 1198
S1E D6 Apra0i2 215756 | 1033 | 1034 | 1194
519 06 Apr2012 215759 | 1032 | 103.2 | 1208
520 D6 Apr2012 21:58:00 | 1030 | 1034 178
21 D6 Apr 2012 21:56:01 028 | 103.0 119.8
S22 D6 Apr2012 215802 | 1029 | 1029 | 1195
523 06 Apr2012 21:58:03 | 1028 | 1029 | 1187
524 D6 Apr2012 21:56:04 | 1027 | 1028 174
528 D6 Apr2012 215808 | 1027 | 1028 | 1183
528 06 Apr2012 21:58:06 | 1028 | 1028 | 1187
T 06 Apr2012 215807 | 1028 | 1028 | 1174
528 D6 Apr2012 21:58:06 | 1027 | 1027 | 11833
528 D6Apr2012 215809 | 1027 | 1028 | 1183
530 D6 Apra012 215810 | 1028 | 1028 | 1195
5 D06 Apr 2012 2125811 i0z9 (1029 | 1174
532 D6 Apr2012 21:58:12 | 1030 | 1034 ar
533 D6 Apra012 215813 | 10341 | 1082 | 1194
534 D6 Apr2012 21:56:14 | 1032 | 103.2 | 1133
535 D6 Apr2012 21:58:15 | 1033 | 1033 | 1183
536 D6 Apr2012 215816 | 1034 | 1034 | 1194
37 D6 Apra012 215817 | 1034 | 1034 | 1194
538 D6 Apr2012 21:58:16 | 1033 | 1034 | 11833
539 06 Apr2012 21:58:19 | 1033 | 1033 | 11833
340 D6 Apr2012 215820 | 1033 | 1034 | 1183
241 D6 Apra012 215821 | 1034 | 1034 | 1794
542 D6 Apr2012 215622 | 1034 | 1034 | 1202
543 D6 Apr2012 21:58:23 | 1034 | 1034 | 1194
244 DEApr2012 21:58:24 | 1033 | 1034 198
345 D6Apra012 215825 | 1033 | 1083 | 1187
368 D6 Apr2012 215826 | 1034 | 1035 | 1183
T D6 Apr20D12 21:58:27 | 1035 | 1035 | 1187
S4B D6 Apr2012 215828 | 1034 | 1035 | 1202
S48 D6 Apra012 215829 | 1034 | 1034 | 1787
S50 06Apra012 215830 | 1032 | 1083 | 1175
a3 D6 Apra0D12 21:58:31 | 10341 | 103.2 | 1194
552 D6 Apra0i2 21:58:32 | 1034 | 1084 1n7e
553 D6 Apr2012 21:58:33 | 1030 | 1080 | 1194
554 D6 Apr2012 21:56:34 | 1031 | 1034 1ar
355 D6 Apr2012 21:58:35 | 10341 | 1034 178
356 D6 Apr2012 2125636 | 1034 103.2 178
=T D6 Apr2012 215837 | 10341 | 1084 1183
558 D6 Apr2012 21:58:36 | 1031 | 1032 | 1175
S50 D6 Apr20D12 21:58:39 | 1031 | 1034 175
560 D6 Apra012 21:58:40 | 1034 | 1082 | 1170
il D6 Apr2012 21:58:41 | 1033 | 1033 | 1183
562 D6 Apr2012 21:56:42 | 1033 | 1034 | 1174
563 D6 Apr2012 21:58:43 | 1035 | 1035 | 1194
554 D6 Apra012 21:58:44 | 1035 | 1085 | 1194
560 D6 Apra0i2 215845 | 1035 | 1085 | 1175
566 D6 Apr2012 21:58:46 | 1035 | 1035 | 1187
&7 D6 Apr2012 21:58:47 | 1034 | 1035 | 1195
568 D6 Apra012 215848 | 1034 | 1034 | 1175
560 D6 Apr2012 21:56:49 | 1033 | 1034 | 1174
570 D6 Apr2012 21:58:50 | 1032 | 1033 | 1183
a1 D6 Apr2012 21:58:51 | 1032 | 103.2 | 1183
BT D6Apra012 215852 | 1032 | 1082 | 1174
573 06 Apr2012 21:58:53 | 1032 | 1032 | 1187
o574 D6 Apr2012 21:58:54 | 1032 | 1033 | 1174
575 D6 Apr2012 21:58:55 | 1034 | 1034 | 1174
STE D6 Apr2012 2125856 | 1035 | 103.5 191
: ] 4
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[ Tenal Humoer. Ledsd ala UeApr 202 171443
Modal Numiber: T0E Shop: 05 Apr 2012 22:11:41
RIMS Welghting AWaights Rt Time: 00201
Paak Waighting:: Urnweighied Pre Callbraton: 27 Mar 2012 22:23:00
Detector: Slow Prst Calloration: 11 Apr 2012 12:43:00
Gain: 0dB Dieviation: 0.0 a8
Sample Perod: 1 sacond Periods; 721

Mo Time leq Lmax lLpeak TWA x
=T [T e ) el BT TOEE TS 7 A
STE 06 ApraD12 21:56:58 | 1032 | 1033 | 165
BT 06 Apra012 2425658 | 1034 | 1034 | 1134
580 D6 Apr2012 215500 | 1031 | 1034 1133
581 D6Apra0i2 295501 | 1030 | 1083 | 1174
582 D6 Apr2012 215502 | 1033 | 1034 | 1195
583 D6 Apr20D12 215503 | 1032 | 1033 | 1183
584 D6 Apr2012 2156004 | 10341 | 103.2 | 1183
i D6 Apr2012 215006 | 10341 | 1032 | 11833
586 D6Apra012 215506 | 1032 | 1083 | 1175
SAT D6 Apr2012 215007 | 1033 | 1033 | 1183
588 D6 Apr2012 215506 | 1032 | 1033 | 1170
580 D6Apra012 215509 | 1032 | 1083 | 1183
380 D6 Apr2012 2155010 | 1032 | 1033 | 1970
2l D6 Apr 2012 2155011 1033 | 1033 | 1194
a2 06 Apra012 21:5812 | 1034 | 1033 | 1196
593 D6 Apr2012 21:55013 | 1030 | 1034 174
584 D6Apra012 2155014 | 1030 | 1082 | 1183
585 D6 Apr2012 215815 | 1034 | 1035 | 1175
598 D6 Apr2012 2155016 | 1035 | 1036 | 1187
= D6 Apr2012 215517 | 1036 | 1036 | 1195
338 D6 Apr2012 215816 | 1037 | 1037 | 1175
595 D6 Apr2012 2155019 | 1037 | 1038 | 1194
E00 06 Apra012 21:58:20 | 1036 | 1037 | 170
B0 D6 Apr2012 215621 | 1037 | 1038 | 1187
E12 D6 Agr 2012 2x0541 g29 843 | 1088
603 D6 Apr 2012 230542 g24 3.8 -
B4 06 Apr 2012 230543 803 &1.8 —
EE D6 Apr 2012 20544 BT g7.0 | 1168
=0 06 Apr 2012 220945 959 | 1007 | 1202
EI7 D6 Apr2012 230546 | 1044 | 1061 | 1245
B8 D6 Apra012 220547 | 10BS | 1074 | 1244
&0% D6 Apr2012 230548 | 1076 | 1078 | 1235
B0 D6 Apr2012 230545 | 1079 | 108.0 | 1220
&1l D6 Apr2012 230550 | 1076 | 1078 | 1225
612 D6 Apr2012 2x0&51 | 1076 | 1079 | 1235
B13 D6Apra012 2x0es2 | 1076 | 1079 | 1230
614 D6 Apr2012 2053 | 1075 | 1076 | 1232
612 D6 Apr2012 220554 | 1074 | 1074 | 1235
BB D6Apra012 2x0e5s | 1074 | 1075 | 1237
BT D6 Apr2012 230856 | 1075 | 1075 | 1230
B1B D6 Apr2012 230557 | 1075 | 1076 | 1232
615 D6Apra012 220956 | 1074 | 1074 | 1222
620 06 Apr2012 230558 | 1073 | 1073 | 1232
B21 D6 Agra0i2 2x10000 | 1074 | 1072 | 1227
622 D6 Apr2012 210001 | 1DES | 1071 | 1222
B23 D6 Apr2012 210002 | 0BT | 1067 | 1225
624 D6 Apr2012 210003 | 1DBS | 1066 | 1220
625 D6 Apr2012 210604 | 1DE3 | 1064 | 1222
626 D6 Apr2012 210006 | 1DBA | 1062 | 1214
T 06 Apra012 21006 | 1DEE | 1060 | 1214
B28 D6 Apr2012 210007 | 1057 | 1057 | 1208
B25 D6 Apra012 2X10006 | 1056 | 1066 | 1217
630 D6 Apr2012 210008 | 1055 | 1056 | 1214
B3 D6 Apr2012 210010 | 1085 | 1065 | 1222
B3z D6 Apr 2012 22-10c11 i0c4 | 1065 | 1214
633 06Apra012 2210012 | 1054 | 1055 | 1208
B34 D6 Apr2012 21013 | 1082 | 1063 | 1214
B35 D6Apra0i2 210014 | 1083 | 1064 | 1214
636 D6 Apr2012 21015 | 1085 | 1055 | 1214
B3T D6 Apr2012 210016 | 1085 | 1066 | 1220
638 D6 Apr2012 210017 | 1056 | 1056 | 1214
=) D6 Apr2012 210016 | 1086 | 1067 | 1222
B840 D6 Apra012 2x10019 | 1056 | 1066 | 1202
X 4l
= Wy e« @l [0 o



[ Sarial NumDer: 433 Start 06 Apr 2072 771845
Modal Mumber: TDE Stop: 05 Apr 2012 2221141
RMS Weighting AWakghting Run Time: D120
Peak Wekghting:: Urrneighted Pre Callbragon: 27 Mar 2012 Z2:29:00
Detector. Slow Prest Calloration: AR 2012 12:43:00
Gain: 0dB Dieviation: 0.0 a8
Sample Perod 1 sacond Periods: Il

Mo, Time leqg Lmax Lpsask TWA %
BT TE AT 20T ZZ T2 TooD RS TITT
B42 D6 Apra0i2 21021 | 1085 | 1065 | 1208
643 D6 Apra012 231022 | 1053 | 1054 | 1205
g24 D6 Apra0i2 2x10:23 | 1083 | 1064 | 1214
BaS D6 Apr2012 21024 | 1053 | 1064 | 1235
628 D6 Apr2012 21025 | 1054 | 1052 | 1202
BT D6 Apra012 210026 | 1049 | 1050 | 1195
BB D6 Apra012 21027 | 1047 | 1048 | 1205
623 D6 Apra0D12 210268 | 1047 | 1048 | 1214
B30 D6 Apra012 231029 | 1048 | 1048 | 1205
=] D6 Apra0i2 210030 | 1047 | 1048 | 1202
B32 D6 ApraD12 21031 | 1047 | 1048 | 1198
B33 D6 Apra0i2 2x10:32 | 1046 | 1047 | 1208
B34 D6 Apra0i2 21033 | 1046 | 1046 | 1214
B35 D6 Apra0D12 21034 | 1045 | 1046 | 1205
== D6 Apra0i2 210038 | 1045 | 1045 | 1208
BaT D6 Apra0i2 21036 | 1045 | 1045 | 1205
G358 D6 Apra012 2X10:37 | 1044 | 1045 | 1195
B30 D6 Apra012 231036 | 1044 | 1044 | 1202
=1 D6 Apra0i2 210039 | 1042 | 1043 | 1205
Ba1 D6 Apra012 21040 | 1044 | 1042 | 1187
B&2 D6 Apra0i2 210641 | 1042 | 1042 | 1220
B3 D6 Apra0i2 21042 | 1043 | 1044 | 1198
654 D6 Apra0D12 21043 | 1045 | 1046 | 1217
=3 D6Apra0i2 210644 | 1046 | 1047 | 11968
=2 D6 Apra0i2 210645 | 1046 | 1047 | 1214
BaT D6 Apra0i2 21086 | 1047 | 1047 | 1194
658 D6 Apr2012 231047 | 1047 | 1048 | 1198
=) D6 AQra0i2 210048 | 1047 | 1047 | 1214
&70 D6 Apra012 2310048 | 1047 | 1047 | 1205
&7 D6 Apra0i2 210050 | 1047 | 1048 | 1214
B72 D6 Apra012 2-10:51 | 1046 | 1048 | 1217
673 D6 Apr2012 231052 | 1045 | 1046 | 1205
E74 DEAQr2012 2210052 | 1046 | 1046 | 120E
T D6 AQra0i2 2x10c54 | 1046 | 1047 | 1194
E7B D6 Apra012 2X10c556 | 1047 | 1048 | 1214
BT D6 Apra012 21056 | 1047 | 1048 | 1195
E7B D6 Apra0i2 21007 | 1047 | 1048 | 1194
679 D6 Apra012 21056 | 1047 | 1048 | 1208
580 D6 Apra012 210059 | 1047 | 1048 | 1195
Ba1 D5 Apr2012 22-11:00 | 1045 | 1049 | 1202
632 D6 Apr 2012 22-11:01 1047 1048 | 1187
633 D5 Apr2012 22-11:02 | 1047 | 1048 | 1198
584 D5Apr201222:11:03 | 1046 | 1047 | 1198
=i DoApr20i2 2221104 | 1046 | 1047 | 1195
536 D5 Apr201222-11:05 | 1047 | 1047 | 1195
= D5Apr201222:11:06 | 1046 | 1047 | 1202
638 D5 Apr201222-11:07 | 1045 | 1046 | 1198
=) D5Apr201222:11:08 | 1046 | 1047 | 1222
B30 DoApr201222-11:09 | 1046 | 1047 | 1214
&3 D5 Apr 2012 22-11:10 | 1047 | 1048 | 1187
632 06 Apr 2012 Z2:11:11 1047 | 1048 | 1194
B33 DaApr201222:11:12 | 1046 | 1047 | 1195
B34 Do Apr2012 22:11:13 | 1046 | 1046 | 1205
635 D5 Apr2012 221144 | 1046 | 1047 | 1214
G386 Do Apr2M2 22:11:15 | 1046 | 1047 | 1205
T D5 Apr2012 221116 | 1045 | 1046 | 1198
E38 D5 Apr 212 2229147 | 1045 | 1045 | 1183
=2 D5 Apr2012 2221118 | 1044 | 1045 | 1198
oo D5 Apr2012 22211119 | 1045 | 1046 | 1205
T D5 Apr2012 22-11:20 | 1044 | 1045 | 1202
Taz 06 Apr 2012 22:11:21 1043 1044 | 1191
T2 Do Apr20i2 22-11:22 | 1042 | 1042 | 1133
T4 D5 Apr 2012 22-11:23 | 10441 | 1042 | 1187
0 4l
= Wy e« @l [0 o



141

EZELT kK 5 T A 202 171585
Model Number. 706 Stop: 05 Apr 2012 22:11:41
RMS Weighting A Weighting Foun Time: D201
Paak Weighting: Urweight=d Pre Callbraton: 27 Mar 2012 22:29:00
Detector Slow Post Calloration; 11 Apr 2012 12:43:00
caln: DB Devtaticr: 0.0 a8
Sample Period: 1520000 Periods: 72

M. Time Xi 14l
T T U6 A DUTZ 2T e |
06 | DGApr 2012 221125
0T | DGApr 2012 2ZA1:25
OB | DGApr 2012 221107
709 | DGApr 2012 221128
TID | D5Apr2012 22:11:29
TH | D5 Apr2012 22:11:30
TIZ | D5 Apr2012 221131
TI3 | DGAPr2012 22113
Ti4 | DEAPr 2012 221133
TIS | DGAPr 2012 221134
TIE | DGAPr 2012 221135
TIT | DGAPr 2012 221135
TIE | DGAPr 2012 221137
TIO | D5Apr 2012 221138
720 | D5Apr 2012 221139
72 | D5APr2012 221140
X 141



Tafial HUmoer, [iefk] LET T

Model Number: TE Stop: 06 Apr 2012 22:11:41
RMS Welghting AWaightng Fiun Time: DI:12:0
Peak Walghting: Urnweighted Pre Callbraton: 27 Mar 2012 22:29:00
Detector Siow  Post Callration: 11 Apr 2012 12:43:00
an; 0dB Deviation: 0.0d8
Sample Pefod 1 s2cond Perods: Fral

D

Exinange rate o Dpeer 1ol %

Thireshold: B0.0 dBA Projeciad Dose: BOE3 %
Criterion Leved: S0.0 dBA Leq 103.3 dBA
Criterion Duration: 8.0 hours TWA: 1030 dBA
TWA () 764 OBA
Lim 105.0 dBA Lmax 1060 dBA
L3 4.0 dBA Lpeak [max): 1257 @B
Ls0: 1025 dBA Lep(E) 873 ¢BA
L7 101.5 dBA 5E 1.7 Patr
Lam: 595 dBA
Cemniiio— =i
T L e T T =300l
A [ o o m  — —— —————————— g — - _————-— e e e o Wi -0
B L T e T LT 0 A
ADE [ = - ¥ g gyl | SNSRI I [t ik EPIEIPIVIE 1.0l
L R e L T e T il [
B — = — = = - — e e e e e e e e e - f——— - —81.0 il
3T T N N B N e [ ------------------------- .0l
T T N N R N A e Y e e S N e N e e R N e N N N —80 0l
LT T N SN R N A e Y e e S N e N e e N e R N e 510l
AL [ o =i [l
00 e o o e e e e e =310l
¥ _

i BEENEETRAE=RFORE REY i

5 ; .ARSESEREERE RN R RS i

EEFEEEREEEREE EEGEFEEFEERERERERERE:

2 S Firrrrhkrirrie: fibzrrrrerrrrriiiiiil

= = 4888820823838 08 8 E R o =R = EEE S EELEERESERECCO
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Tl Humer. U433 Star T3 A 2072 32050 |

Ivlodel Humier: 0B Stop: 04 Apr 2012 D035

RMS Weighting AWaighting Feun Time: DI:30:21

Praak Welghting:: Urrvelghted Pre Cailbraton: 27 Mar 2012 22290

Delegior low Post Calloration: 11 Apr 2012 12:43:00

Gain: 048 Destation: LOdB

Zample Perod 1z2cond Perlods: &

Excnange Rae L Lioses -

Threshold: B0 dBA Projecied Dose: -

Criterion Level: 500 daA Leg 76.0 dBA

Criterion C1aration: &0 hours TWA -

TWA (5] -

Lo 765 dBA Lmai 799 dBA

Lal: TED dBA Lpeak {max: -

Ls0: 755 dBA Lep (€} 540 dBA

Ll Taf daA 3E: L0 Patr

Lo Tal daA
ol —Craaridic
Bl = e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ——— - =400l
T S —70dd
B — — — - — 81 0l
- S g —51 0l
T —410dd
- S 310 dd

3
T
0
SEe
3 S
L5
="
Ty

3 ] FEEREREREEREEEERNN : LERITAEREZIARER
1 E RRT SN T I IFINGTGTAR 18 8 EELEEAEEssEQE
afAneEeEan A A EAEDAEDAN ) T A E A AEN -

E RRERA A ARAARRERARAAER ARAREAARREEIBERE
= T EEEEEAEEEEEEEREEAEES EEEEEEEEEOEEEE
R FEREEERBRERRERREREREERER] RRRERRERERERRERR
= & B 2 3 BB R R SQSEERSEREESRELESERELSEREERSREBSRER SRR SR
- 3 B B - - - - - - - - - - -
E fEEEdepgEgeEoEERREdEEREERREEEEEREd1234d
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T 0dl

a
T gy

06 Apr 2012 D0:52:28

500

=i

=0

D

0.0ds

D0:10:00

27 Mar 2012 22:.29:00

11 Apr 2012 124300

dEA
750 oBA
1100 dEA

1i0 &

6039 %
1034

1257 B
15 Patw

866

1030 dEA

L0 - - - - |

)

(R T

e e e |

| e =

e

TWA

Prest Calloration:
TWA

Dieviation:
Pesiods:

Projecied Dos=:

LiET

Stop:

Run Time:

Pre Calbraton:
Dtze.

Lmax

Lpeak (max):
LepiE)

SE

D&

AWeighting

Urneighte
Slow

0dB

1 52000

-

Ldad
d5A

800 dBA
500 dBA
8.0 hours
105.5 diA
103.5

1020 daA
101.0 dBA
%90 dBA

UTIDEr

d

Iodal Numger:

H“—--——----——----——----——----——----r——----——----——--ll--——----——----—-I-------------__ a1 0

gy g gy ¥ 1
B = = = = e e e = e — m m———— ————————— = = (=G0
Bl = = e e e e e e m——— = (il
Ml = = e e e e = e  — — ——— —— m——— — m ———— ———— = (=300

S I

RMS Weighting
Peak Wekghting:

Detector.

Gan:

Criterion Level:
Criterion Curation:

ERCarge FaiE.
Thireshold:

Sample Perod:

Lam:
Lal:
L7l
Lam:

Lim
1Ml == = = e e . — ———— e e e m e ——m e — e - —————————— = = 30

B A e il el b e |

MUl === = = e e e e

e ———-

ol

LTI

T a0 T
PR O T
TLETRG TER LMD

(O

ELREDg T
[
[ gy
LSRCED ZMAD
REE R
EParE E
T O T
[tk
el ky
GRETENIEN LMD
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TENal FUITIEr, liFF k] ET UE A 2012 211943
Modal Numiner, T0E Stop: 08 Apr 2012 22:20:30

RMS Weighting A Waighting Fun Time: D120
Peak Welghting: Unweighted Pre Callbraton: 37 Mar 2012 222900
Detector Siow  PostCalloration; 11 Apr 2012 12:43:00
Gain 048 Dewation: 0.0d8
Sample Periot 1 sacond Pestods: 720

EXCNange Rae 2 Dipse: bd &

Threshold: E0.D dBA Projecied Doss: 2527 %
Criterion Level: SO0 dBA Leqr 7.5 dBA
Criarian Duration: 8.0 hours TWA: 96.7 dBA
TWA 8 701 dBA
Lim: 100.5 dBA Lmia 1049 0BA
Lao: B0 dBA Lpeak {max); 1247 @&
Lsm: 355 dBA LepiE] 815 0B
L0 535 dBA 3E: 0.5 Pt
Lam: & dBA
ntsnilie— =i
A e = e e e e e e e e e e e e e e e e e e e e e e m - ————— —2300
Al = e e e e e e e e e e e e e e e e e e e e m - ————— —1300
P e o e ] e e e e e |0 S
LT o e ——— N ] | || N o SR, ) S B e T e ]
A ab W . -
o
T TP S - - R - 210 dd
I.' ‘ r
Bidf ———— —— - —— — = I———----——----- N . SN 1 e I- ------------ 510l
T S ~I ------------ ~[ -------------------------------------- —70dd
- S —30.0 il
- S g 5103
T S —1.0dd
e = = = e e e e e e e e e e e e e e e e e e E e e m e e e — e ——————— —3.048
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Ehial MU U433 LETH U Apr 20T X

flodal Mumier: TOE Stop: 07 Apr 2012 23:05:40
RMS Welghting A Wekghting Foun Time: DO:12100
Paak Weighting:: Unaeighted Pre Calbraton: 27 Mar 2012 2:29:00
Defactor Slow Post Calloration: 11 Apr 2012 12:43:00
zahn: bdB Dieyiation: Lo da
Zamale Pefod 1 second Perods: T
ExNCNange Rae D Ligse: g %
Threshold: BO.D dBA Projecied Dose: 4387 %
Criterion Lavel: 500 dBA Lex 1003 dB&
Criterion Duration: 5.0 hours TWA: 100.7 dBA
TWA B 74.1 dBA
Lim: 1030 dBA Lmax 1044 dBA
Lao: 1015 dBA Lpeak jmax; 1249 6
Ls0: 1005 o8 Lep B 849 dBA
L7 05 dBA SE: 10 P&
Lam: 550 dBA
oo bl
T T T S 310
ATED Al o o o e o e [ s m n]m  — m mnm — =i 310l
A0 Sl b o o o o o o e e e e e e e e e Caldil ]
ind-H- — — - — - - — T T e T - - _ e el e — e T T 310
|
R ,—-----------£ ----- - 0 -~ - - - -— 0l
|
s ——— - — - - . - —510
T | — — — - — — - a0 dl
T —31 0 il
T —51 0 il
L o S e el e el e e e e ] ] [ il
B o S el e el e e e ] = [l
h L L J -
ERASER2RRIABRNAEANERANE-RCER =8 FifEZEIQARSIERNERZD
A ra IR AR AAAAA IR e rqERRRAAGINYRboREaEaE I TIq64d8
R R RS YRR Y
RN EEEEEEEEEEEEEEEE-E-E-E-E- .ﬂ' EEELEEO " SdECEbEfodbogdEROdEedEdESdEREL B
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Tanial WUmer. ik LiET 10Apr 2012 214051
Modal Numiber. 706 Stop: 10 Apr 2012 22 33:08
RMSE Welghting: A'Weaighting Fun Time: D0:12:00
Paak Welkghting:: Urieighted Pre Callbraton: 27 Mar 2012 22:23:00
Detacion Slow Post Calloration: 11 Apr 2012 12:43:00
zaln: DdB Dieviation; L.0d8
Zample Perod 1 sacond Perinds: T3
ENCnange rae L Dipee” L
Thireshold: EOL0 dBA Projeciad Dosa: B197 %
Criterion Level: L0.0 daA Lex 1034 dBA
Criterion Duration: 8.0 hours TWNA: 1032 dBA
TWAE) T6.5 dBA
Lim 105.0 dBA Lmax 1064 dBA
L3 145 dBA Lpeak [ma); 1235 OB
L50: 103.5 dBA Lepig) 74 dBA
L7 1020 dBA 5E 1.7 Patr
180 oD daA
Dol —~Crachlic
T e300
| — s T sy gy e — e - - - — - ——— - 0
A - —— - - - - —— - i il
oo —— - - e AT 00
(Y'Y S R | S M e | | | | 10l
I I
e 810l
T e P10l
T e 800l
2 510l
T —i1 0l
T 310l
¥ L 4 .
E 8234 I ERERERERE
itz EAERREARERERER
i~ IR EEEEEE R R E R R [
TEEEE EEEEREEEEZE
- - T - - T - = R A oERS R AOoRO
L e e o ma e e e aoe S E
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72
iz

Dod8

DO:12:00

2T Mar 2012 22:23:00

11 Apr 2012 12:43:00

dEA

L8

06 Apr 2012 170217
L)

M2 %

907 dBA
731 dBA
107.7 dBA

1217 dB

4.4

09 Patr

1005 dBA
b — - — — |t

RV 1| S 5 I e ey WY

——————— |0

()

TWA:
TWA

Pt Calloration:
Deviation:

Periods:
Projecied Dose:

Pre Callbraton:
Lpesk (maxj:

LETH
Stop:

Rur Time:
Lmax
Lep (B
SE

- ——— e ——— e e [ D

|

i
i
Bl = = = e e e = e ————— = (=00

DE

AWeightng

i)

Slow

0 dB
182¢0n

8.0 hours
dgA
dgA

t60 dBA

530 dBA

Urrweighte

E
T il a0 1]

E0LD dBA
500 dBA
101.0 d8A

10&.5

B LT TSy RS RS ----------—--].-——--------,-——----——--- 310l

Umoer.
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L e et T
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RMS Welghting:
Peak Waightng:
Crienion Duration;

Criterion Level:

ERCangE NaE.
Thireshold:

zaln:
Sample Perod
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el HUmier, Ldsd ET TARr 202 &Xdaid
Ivlodel Humier: 0B Stop: 1DApr 2012 23:34:05
RMS Welghting A Walghting Run Time: DI 12:00
Paak Weighting:: Unaeighted Pre Callbragon: 2T Mar 2012 2229:00
Detactor. Slow Pt Calloration: 11 Apr 2012 12:43:00
Gain: 0aB Dievlation: Lods
Sample Pefiod 1 second Perlods: 74
ExNCNange Rae 2 Dipse: 130 %
Threghold: B0 dBA Projeciad Doss: 4213 %
Crierion Level: 500 dBA Leqr 1025 dBA
Crmarion Duration: &0 hours TWA: 1022 dBA
TWA () Tho OBA
Lo 1040 dBA Lmai 1060 dBA
L3 1035 oBA Lpeak (max; 1232 &
L5m: 1020 dBA Lep 8] BE4 CEA
L 101.0 dBA SE 14 Patw
Lan: %80 dBA
Crilio— —raarklic
A e = = e e e e e e e e e e e e e e e e e e e = —————— 130
AH e = e 2 e e B ] e e e e e e e e e e e e e e e e o e = =D
ALl = e e e e e e e e e e e e e e e e e e e e ——— = ————— —H0
LT (e | | ey, W1
Hid—p - e m e - - R ik it ———— e — |2
PO | o o o e e e e e =510 dl
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e e o L —51 0l
e = = e e e e e e E e e e e e e e E e m e E e e m e m e ———— - - ————— =510l
S g 10l
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[ TSEal MOmGer. a3 SHar TOARF 2072 ZTATET
Wiodel Humier: TDE Shop: 10 Apr 2012 22:35:09
RMS Weighting AWeaighting Aun Tima: D0:12:00
Peak Waighting: Urnweighted Pre Cailbragon: 27 Mar 2012 222300
Detactor Slow Post Calloration: 11 Apr 2012 12:43:00
Gan; 0 dB Devlation: LS
Sample Period 15200nd Periods: 720

Mo Time Leg Lmax Lpsask TWA i
T TOREr 20T 2T 30T =3 =5A) —
2 | iDmpracizaismsz | eTE | 890 | 1058
3 | iDApra;izismss | oid | 918 | 103E
£ | iDmpraoizismss | o2s | 934 | 10os
5 | iDmpracizislss | odo | eS| 1poo
6 | iDmprooizosmse | oES | 964 | 1127
7 | 1DApraoiz2iamsy 74 | ora | 127
8 | iDspro;izaiamss | oET | mE | 113E
9 | 10ADra01220:40:5% | 1004 | 1005 | 1149
10 | 1DAproDIZ2e4100 | 1008 | 012 | 1141
11| 1DAproDIZas&ndi | G016 | 1020 | 1154
12 | 1DApraDIZas4n02 | 023 | 106 | 115E
13 | 1DAprIDIZ2e&n03 | 028 | 1034 | 1174
13 | 1DAproDIZae&nds | 1025 | 1038 | 1178
15 | 1DAprIDIZ264i05 | 1040 | 1042 | 116E
16 | 1DADraDIZ2e4n0e | 1043 | 1044 | 1187
17 | 1DAPrIDIZas4n07 | G046 | 1048 | 1170
13 | 1DAprIDIZ2e&n08 | GDE1 | 1054 | 1187
19 | DAprIDIZas4i00 | 1055 | 1056 | 1191
20 | 1DApropiZ2e4140 | 0S5 | D56 | 113E
21 | 1oAproofzdnnt | 0SS5 | 1056 | 113E
2 | DApropizoedniz | 1056 | 05T | 1183
73 | DApropizoe4i42 | D56 | 05T | 113E
2¢ | 1DApropizon4n14 | 1DSE | 1DSE | 1128
25 | 1DApropizonanis | 1057 | 10SE | 120E
25 | 1DApropiZ2ean9E | DED | D64 | 1z27
77 | DApropizae4i4T | DED | D64 | 122
28 | toApra;izananie | 10ED | w0ED | 1191
22 | tomApropizananis | 1DED | D6 | 1124
3 | 1DApropizoe4i20 | DEA | DSz | 113E
3 | toApraoizzanz | 1063 | 03 | 1ms
3 | toApropizonanze | 1DE3 | D64 | 112E
33 | toApropizoesnz | DE3 | D64 | 113E
3 | 1DApropizoidi4 | 1DE3 | D64 | 1ZE
3= | iDApropizoe4ias | DE3 | 0S4 | 113E
3 | tDapropizonanze | DEZ | D83 | 112E
7 | toApropizonanay | DE3 | 1063 | 1217
3@ | 1DApropizoesn2e | DED | D64 | 1217
3 | tomApropizansnae | DS | 06D | 1134
40 | 1DApropizons4n3p | 0SS | DSD | 1m2
41 | 1DApropizoesn3t | 1057 | 05T | 1mE
42 | DApropizoe4i3z | 0SS5 | D56 | 119E
43 | oApropizoe4ia3z | DSz | iDS3 | 117E
4 | DApropizonan34 | 1051 | DSz | 1:E
45 | 1DApropizoean3s | ps2 | DSz | 119E
45 | 1DApropizoean3e | 1053 | 083 | 1m2
47 | oApropizoednar | DSz | D53 | 1214
43 | 1DApropizoea138 | DS | DS | 113E
43 | 1DApropizoesn3s | 1DSD | iDSa | 1183
50 | 1DApropizoi4iap | 1D4D | iDSD | 1174
51 | 1oApropizznanar | 1pas | wsp | nar
52 | 1DApropizon4taz | 1DSD | 0S4 | 120E
53 | 1DApropizoe4n43 | 1045 | 105D | 1ZE
54 | 1DApropiz2i4i44 | DSD | DSD | 12E
55 | DApropizofdias | dDSD | DSA | 1214
55 | tDApropizonanss | 1Dsa | sz | 1214
5 | 1DApropizoisnsar | DS | 0S4 | 12E
53 | 1DApropizoidi4 | 104D | D54 | 1a7
59 | 1DApropizonanan | 1047 | 08B | 1128
60 | 1DApropizon4nsp | 1046 | 08T | 122
61 | 1DApropizonansi | 1046 | 1046 | 1191
62 | 1DApropizoi4imr | D45 | 46 | 113E
63 | toApropizzians: | 1046 | 14s | 1zo
64 | 1DApropizonanss | 1047 | 08B | 1z0
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[ =l Humioer, 1 EE 3T T Apr 3072 21405
Model Number; TE Stop: 10 Apr 2012 22:38.08
RMS Welghting AWaighting Fun Time: D0:12:00
Peak Waighting: Urnveighted Pre Cailbraton: 27 Mar 2012 22:29:00
Deiector. Slow Post Calloration:; 1 Apr 2012 12:43.00
cak: 0dB Dievlation: .0ds
Sample Period: 1 s2cond Peslods: 720

Mo, Time Leg Lmax Lpsak TWA n il
2 ETIE RS | TEE ;
65 | 10AprI0IZ 214156 | 1046
67 | 10Apra0iZ 24157 | 1047
B2 | 10Apra0iZ2i:41:58 | 1DED
B2 | 10Apra0iZai4ise | iDE2
70 | 10Apra0IZ2ArO0 | 1DE3
71 | 10Apro0IZ24TO0d | ADEA
72 | 10ApraoizonrOz | 1040
73 | 10Apra0IZ 214203 | 1048
74 | 10Apro0iz2rOs | 1040
75 | 10Apra0iz 214205 | 1048
76 | 0AprI0IZI4Z0E | 1047
77 | 10Apraoiz2ArOT | 1046
78 | 1DADrI0IZ24Z0E | 1045
79 | 10Apra0IZ2AF08 | 1046
80 | 10Apra0IZ2A:4XA0 | 1047
Bl | 10Apr20iz 214z | 1045
82 | 10Apra0I22i:£xi2 | 1048
B3 | 10Apra0IZ2Arid | 1048
B4 | 10Apra0IZaAris | 1048
85 | 10Apra0I22i:4Xi5 | 1045
B | 10Apra0IZ20AXiE | 1049
87 | i0Apra0i22i:£xi7 | 1DED
B3 | 10Apra0IZ20AFiE | 1DED
B9 | 10Apra0IZ2X1n | 1040
o0 | 10AprI0IZ21:AF20 | 1045
ol | 10Apra0IZ21:£E21 | 1DED
o2 | 10mpramiz2srae | 1DED
o3 | 10Apra0IZ21:4ra3 | MDEA
o | 1DApra0IZ2M:£E24 | 1DE4
o5 | 10Apra0IZ2AEIs | MDET
o5 | 10AprI0IZ2M:4E2E | 1DET
o7 | 10mpraoiz2nraT | MDES
o8 | 10AprI0IZ2M4XIE | 1DE3
o9 | 10Apro0IZaAEIE | 1DE2
100 | 10Apra0i2 24230 | 1045
101 | 10Apra0IZ 214231 | 1049
102 | 10Apra0I2 214232 | 1045
102 | 10Apra0IZ 214233 | 1040
104 | 10Apro0I2 214734 | 1045
105 | 10Apra0IZ 204235 | 1045
106 | 10Apro0I2 214336 | 1042
107 | 10Apr2012 214237 | 1044
108 | 10Apro0IZ21:4Z38 | 1042
100 | 10Apra0i2 21:4238 | 1042
110 | 10Apra0iZ 214740 | 1045
111 | 10Apra0i2 204241 | 1049
112 | 10Apra0iZ 214242 | D52
113 | 10Apra0i221:4x43 | 1053
114 | 10Apra0iz 214244 | 1053
115 | 10Apra0iZ21:4x4s | D52
115 | 10Apr20i2 204746 | 1DED
17 | 10Apra0i2 24747 | 1047
113 | 10Apr20i2 204748 | 1045
119 | 10Apra0i221:4z4n | 1045
120 | 10AprI0IZ21:4Z50 | 1045
121 | 10Apra0iZ 295241 | 844
122 | 10Apra0IZ21:5T42 | BES
123 | 10Apra0iZ 20:5243 | o04
124 | 10Apra0IZ21:5T4q | o2z
125 | 10Apr20I2 205245 | D4E
126 | 10Apro0IZ24:5T4E | DES
127 | 10Apr20i2 20:5247 | oTE
126 | 10Apra0i221:5Z48 | SES
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[ =il Humioer, ERE i TOARr 2072 21405
Modal Number, TOE Stop: 10 Apr 2012 22:38:08
RMS Welghting: AWeighti Run Tima 00:12:00
Peak Walkghting: Urnweighted Pre Cailbraton 27 Mar 2012 22:29:00
Detzctor Iow Post Callbration 11 Apr 2012 12:43.00
cal: 0dB Devlation: LOds
Samgle Period: 1s2cond Perlods: 70

Mo, Time Leg Lmax Lpask TWA n i
T29 | TOAOT 0TI 275089 [ 00T | T0E& | T
130 | 0Apr20i224:5250 | 040 | 015 | 1435
131 | 10epramizaesrs: | iozo | eS| 1S4
132 | 1oepramzzesrs: | wozo | ez | 1To
133 | 0epramizaesrss | was | a7 | nEs
134 | 10mpramizaesrss | w03s | en | 170
135 | 0Apra0i22esEss | iodd | a3 | 1152
136 | 10Apra0I220:5E3E | 1045 | 08 | 1165
137 | 10Apra0i221:5257 | 1047 | 08 | 1174
138 | 10Apra0i22i:5EsE | 1DSD | 0S4 | 1172
130 | 10Apra0iz2e:sEss | o4 | 1054 | 1134
150 | 10Apro0I221:5300 | 1047 | 08B | 1170
141 | 10Apro0I220:5301 | 1047 | a7 | 1187
142 | 10Apro0i2 215302 | 1047 | e | 1183
143 | 10Apr201221:5303 | 10E0 | 1050 | 1174
144 | 10Apro0i221:5304 | 1DED | 1054 | 1187
145 | 10Apro0i22e:5305 | DS | sz | 1187
146 | 10Apro0i221:5306 | 10E3 | 1054 | 1178
147 | 10Apro0i221:5307 | 0S5 | 1056 | 1133
148 | 10Apro0i221:5308 | 1DSE | 1056 | 1173
140 | 10Apro0I221:5308 | 0S4 | 1055 | 1174
150 | 0Apra0i224:5310 | 1053 | 1054 | 1985
151 | 10Apr20iz 1S3 | 045 | 054 | 1153
152 | 0Apro0I224:5312 | 1044 | 4 | 1174
153 | 10Apro0I221:5313 | 104D | ez | 1154
154 | 0Apro0i224:5314 | 1036 | 103 | 1174
155 | 0Aprami22i:s3is | i3z | 033 | 1174
156 | w0eprzmizzesyis | woaz | ez | 185
157 | wepramzaesaar | aoEa | mEa | 14E
156 | 10Aprami22a:s34E | somzo | f02o | 1149
150 | 10Apr20i221:531% | 1030 | 030 | 1154
150 | 10Apra0i22i:53:20 | 1032 | 034 | 1174
151 | 10Apra0i22e:s3as | 1035 | 035 | 1165
152 | 10Apra0i22i:s3az | 1035 | 035 | 1174
152 | 10Apra0i221:53:23 | 1035 | 035 | 1135
154 | 10Apra0i22e:s3as | 1035 | 036 | 1187
155 | 10Apra0I22e:5325 | 1036 | 03 | 1135
156 | 10Apra0I2 205326 | 1036 | 036 | 1133
157 | i0Aprami22i:s3a7 | D36 | 037 | 1174
158 | iDApr2mi22i:s3as | 037 | a7 | 117D
159 | i0Apr2mi22i:532s | 1036 | 037 | 185
170 | 0Apro0i22i:5330 | 1036 | 036 | 1165
171 | i0Apra0i22i:5331 | 035 | 036 | 1185
172 | iDApr2mi22i:533z | D36 | 036 | 1170
172 | 0Apro0i221:5333 | 1036 | 036 | 1185
174 | 0Apr20i221:5334 | 1035 | 1036 | 1174
175 | i0Apro0i22i:5335 | 036 | 037 | 113E
176 | 10epremizaesyas | a7 | mEE | 1174
177 | 0epramizaeszar | ioas | e | 1aT
176 | 0epramizaeszas | woao | wmEo | 1185
170 | oepramizaeszas | woao | men | 1174
180 | 10Apramizaesan | ioaa | e | 1195
181 | 10ApramizaesEs | ioaa | ez | 1202
132 | 10mpramizaesaz | aaa | e | 1To
133 | 10mpramizaesas | aaa | e | 174
134 | 10Apro0i2 205344 | 1044 | 108 | 1235
135 | 10Apro0i2 205345 | 1044 | 08 | 1174
136 | 10Apro0i221:5346 | 1030 | &0 | 1154
137 | 10Apro0i221:5347 | 1028 | 38 | 1170
138 | 10Apro0i22e:s348 | D38 | 030 | 1165
130 | 10Apro0i221:534n | 1020 | a0 | 1133
190 | 10Apr20i221:5350 | 1028 | 30 | 1178
191 | 10Apr20i221:5351 | 1036 | 037 | 1178
192 | 10Apromi22e:s3se | 1036 | 037 | 1178
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[ Sarial Mumioer. 433 Stat 10 Apr 2072 214057
Modal Numiner: 106 Shop: 1D Apr 2012 Z2-38:08
RMS Welghting AWaight Fun Time: O 12:00
Peak Weighting:: Urrneighted Pre Callbraton: 27 Mar 2012 Z2:73:00
Detecton Slow Pt Calloration: 11 Apr 2012 12:43:00
Gain: 0 dB Dielation: 0.0 dB
‘Zample Penod: 1 s2cond Perlods: 720

Mo Time leg Lmax Lpsak TWA T
T3 TR 20T 215353 TSR TOLT L] THEE
134 0Apraoiz 215354 | 1036 | 1087 | 159 | 1036
135 08pra0i2 2935355 | 1035 | 1086 | 1174 || 1085
136 10Apra0i2 2135356 | 1036 | 1089 (| 179 | 1036
197 108pra02 245357 | 1029 | 1089 | 1165 || 1039
136 10Apra012 2135358 | 1039 | 1039 | 165 || 1039
199 0Apraoi2 2135355 1035 | 1039 | 196 || 1038
0 10Apraociz 2125400 ( 1036 | 1039 | 1174 | 1038
a1 0Apraoiz 2135401 | 1039 | 1039 | N1M&T7 | 1039
nz 10Aprani2 21:54:02 | 1038 | 1039 | 1194 | 1039
203 0Apraciz 215403 | 10359 | 1040 ([ 159 | 1039
204 0Apraoiz 215404 | 1040 ( 1040 [ 170 | 1040
bl 10Apraoiz 2125405 | 1040 | 1040 | NM65 || 1040
206 0Apra0iz 2135408 | 1035 | 1089 | 170 || 1038
T 10Apraoi2 245407 | 1038 | 1038 ( 1179 | 1039
208 0Apraoiz 2135408 | 1040 ( 1040 [ 170 | 1040
e 10Apraoi2 215408 | 1040 | 1042 [ 179 | 1040
210 0Apraociz 215410 | 1042 | 1043 | 170 | 142
n 10 Apr 2012 21:54:11 044 | 1042 [ 178 | 1041
212 10Apraoiz 2135412 | 1036 | 1040 | 1154 || 1036
213 0Apraiz 2135413 | 1035 | 1086 | 1174 | 1085
214 10Apraoi2 245414 | 1035 | 1037 | 170 || 1035
215 10Apra0i2 2135415 | 1036 | 1088 | 1159 || 1036
26 10Apraoi2 245416 | 1037 | 1036 | 1183 || 10&7
217 10Apraoiz 2135417 | 1039 | 1040 | 1174 | 1039
218 108pra0i2 29540168 | 1038 | 10359 | 1174 || 1088
219 10Apraoiz 2135419 1039 | 1040 ( 1195 || 1039
20 0Apra0i2 295420 | 1040 | D43 [ 1184 || 1044
el | 0Apraoiz 245421 | 1043 | 1084 | 179 | 1043
z 0Apraoiz 215422 | 1044 | 1084 | 1759 | 1044
23 0Arali2 295423 | 1043 | D44 | 1183 || 1043
4 0Apraoiz 2135424 | 1044 | 1045 | 170 | 1044
x5 0Apraoiz 215425 | 1042 | 1043 | 174 | 1042
6 10Apraoiz 2125426 | 1040 | 1041 174 | 140
o7 0Apraoiz 2135427 | 1040 | 1041 170 || 1040
el 0Apraciz 215428 | 1042 | 1043 | 194 | 1042
29 0Apraoiz 215425 | 1043 | 1043 | 179 | 1043
30 0Apraoci2 2435430 | 1043 | 1045 | M7 | 1043
H 0Apraciz 2135431 | 1045 | 1045 [ 179 | 1S
232 0Apraoiz 215432 | 1045 | 1046 | N1MET | 1045
33 0Apraci2 24:54:33 | 1045 | 1046 | 178 | 1S
234 0Apraoiz 215434 | 1047 | 1048 | 183 | 1047
235 0Apraci2 24:54:35 | 1047 | 1047 | 183 | 04T
236 0Apra0iz 2135436 | 1047 | 1047 [ 195 | 04T
FEr) 0Apraoci2 245437 | 1046 | 1047 [ 194 | 14E
38 0Apraoiz 2135438 | 1047 | 1047 [ 195 | 14T
38 0Apraoi2 2435435 1047 | 1047 | 1183 | 1047
240 0Apraoi2 245440 | 1047 | 1048 | MET | 04T
241 10 Apr 2012 20141 TEA A - -
242 10Apra012 220142 813 3.3 - T3
243 10Apra01z 2r01:43 g4z 224 - B42
244 10.4pr 2012 220144 84.5 32T - B4.5
245 10Apr 2012 2X01:45 G409 85.3 - B4.5
248 10.4pr 2012 220146 gED 911 ) 127 BT.E
247 10 Apr 2012 20147 946 %66 | 1159 s
248 10 Apr 2012 2X01:48 ] 985 [ M9 or.T
245 10.40r 2012 220148 9E.5 |0 12y SEE
250 10 Apr 2012 2X01:50 989 9|0 [ M35 Lao
25 10.8pr 2012 220151 953 998 ) 148 a3
252 10Apra01z 2r0152 | 1000 | 1001 1146 || 1000
233 10Apraoiz 2x0153 | 1000 | 1000 | 1144 | 1000
254 10Apr 2012 20154 908 1000 [ M35 boo
235 0Apraoiz 2x01ss | 100 | 1003 | 144 || 1001
256 10Apra0i2 220156 | 1006 | 010 | 1144 || 1006
:Ii 4l
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[ Senal Murmoer. iREEE] ala AR 2012 214021
Modal Numiber: T0E Shop: 10 Apr 2012 22:38:.08
RMS Welghting AWsighting Rn Time: 031200
Peak Wekghting:: Urrnesighted Pre Callbragon. 27 Mar 2012 222300
Detecton Slow Prest Calloration. 1A 2012 12:43:00
Gain: 0dB Diestation: D.0dB
Sample Penod 1 sacond Peflods 73

Wo. Time Leg Lmax Lpeak TWA Ower @ i"‘ 'i'“ b
237 ORI 20T ZX0TST oL T2 LLEE T
258 DARraM2 220158 | 1014 | M6 | M4E | 104 [
255 0Aprali2 2z04:58 | 1016 | 18 | 165 | 1ME [ ]
260 10Apra0i2 2r0x00 | 1018 | 1020 | 1155 | 1019 [ ]
21 10Apra0i2 20x041 | 022 | 1023 | 1170 | 1022 | ]
252 0Apra0i2 220202 | 1024 | 025 | 155 | 1024 [ ]
%3 10Apra0i2 2r0x03 | 1026 | 1027 | 1165 | 1026 [ ]
254 10Apra0i2 20204 | 1024 | 1026 | 1155 | 1024 | ]
258 10Apra0i2 2Z0Z08 | 1023 | 024 | 1154 | 1023 | ]
266 10Apra0D12 230206 | 1018 | 1020 | 1148 | 1015
27 10Apra0i2 20207 | 1017 | 1018 | 1165 || 1017 ]
268 10Apra0i2 20206 | 1018 | 1018 | 1155 | 1018 [ ]
2609 10Apra0i2 2008 | 1019 | 1022 | 1155 | 1019 [ ]
70 10Aprani2 20210 | 024 | 4025 | 1970 | 1024 [ ]
I 10 Apr 2012 Z2:02-11 1028 | 103.0 | 1174 | 1026 [ ]
72 10Apra0i2 2x0x12 | 1034 | 1083 | 1175 | 1081 |
73 10ApraDi2 2x0x43 | 1035 | 1035 | 1174 | 1035 [ ]
74 10Apra0i2 2r0x14 | 1036 | 1087 | 1170 | 1056 [ ]
273 10Apra0i2 2xax1s | 1036 | 1087 | 1165 | 1036 [
o 0ApralI2 22016 | 1033 | 1035 | 174 | 1033 ]
T 0Aprai2 22017 | 1032 | 1033 | 183 | 1032 ]
78 10Apra0i2 2xax16 | 1031 | 1034 1165 (| 1031 [ ]
79 10Aprani2 2019 | 1030 | 1034 1155 (| 1030
250 10Aprani2 220220 | 1030 | 1030 | 155 | 1030 [ ]
il 10Apra0i2 2rax21 | 1030 | 1034 174 (| 1030 [ ]
282 10ApraDi2 2x0xa3 | 1031 | 1084 175 (| 1081 | ]
253 10Aprani2 220223 | 1028 | 1034 | 183 | 1025 [ ]
284 10Apra0i2 2r0x2a4 | 1030 | 1033 | 1970 | 1030 [ ]
285 10Apra0i2 20225 | 1035 | 1037 | 1174 | 1085 [ ]
286 10Apra0i2 20226 | 1038 | 1038 | 1165 || 1036
28T 10Apra0i2 2x02a7 | 1037 | 1038 | 1174 | 1087 |
288 10Apra0i2 230228 | 1035 | 1037 | 1183 | 1035 [ ]
280 10Apra0i2 20229 | 1034 | 1034 | 1155 | 1054
90 10Apra0i2 2x0x30 | 1033 | 1083 | 1159 | 1033
bl | 10ApraDi2 2x0x31 | 1030 | 103.2 | 1974 | 1030 [ ]
a2 10Apra0i2 2r0x32 | 1028 | 1030 | 1970 | 1026 ]
93 10Apra0i2 2x0x33 | 1025 | 107 | 1170 | 1025 | ]
4 10ApraDi2 2x0x34 | 1025 | 1026 | 1165 | 1025 ]
235 0Aprali2 2Z0z35 | 1024 | 025 | 1155 | 1024 [ ]
96 10Apra0i2 2r0x36 | 1023 | 1024 | 1165 | 1023 | ]
=7 10Apra0i2 20237 | 1025 | 1026 | 1174 | 1025 |
236 0Apra0i2 22036 | 1028 | 1028 | 1&7 | 1028 [ ]
298 | 1DApro;iz2roz3s | 1028 | 028 | 1195 | 1026 |
HD 10ApraDi2 2r0x4ap | 1029 | 1030 | 1183 | 1029 [ ]
] 0Apra0i2 22041 | 1028 | 1030 | 195 | 1025 ]
Hz 10Apra0i2 2rax42 | 1028 | 1030 | 1183 | 1029 ]
2 10Apra0i2 2r0x43 | 1030 | 1030 | 1175 | 1030 ]
4 10Apra0i2 2r0x44 | 1030 | 1034 1183 (| 1030 | ]
HE 10Apra0i2 22048 | 1028 | 1030 | 1&7 | 1025 [ ]
306 | iDApra;iz2zozss | 4027 | d02E | 1194 | 1027 |
7 10Apra0i2 2x0x47 | 1027 | 1028 | 1195 | 1027 | ]
HE 10AQra0i2 2x0x48 | 1023 | 1024 | 1183 | 1023 ]
e 10Aprani2 2x0x48 | 1023 | 1023 | 1175 | 1023 [ ]
Ealn 10Apra0i2 2r0x50 | 1024 | 1024 | 1975 | 1024 ]
L 10Apra0i2 2xaxsi | 1020 1023 | 1970 | 1020 [ ]
2 10Apra0i2 2xaxsz | 104 | 1007 | 1155 | 1014 | ]
3 0Aprali2 2Z0z53 | 1008 | 1.0 | 146 | 1006 | ]
34 10Apra0i2 20x54 | 1003 | 1005 | 1141 | 1003 | ]
e 10Apra0i2 20556 | 1004 | 1004 1154 (| 1001 |
e 10Apra0i2 2Z0Z56 | 1000 | 1004 | 1155 | 100D [ ]
T 10.Apr 2012 230257 908 998 | 1135 Lk [ ]
HE 10.Apr 2012 230256 956 996 | 1148 baE ]
Eak] 10Apr 2012 22058 a54 =B ] Bo4 I
20 10.Apr 2012 230300 Qo4 |5 | 1as ba4
;ﬂ III 142
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[ E=naT Ha ik S TR 20T 2T A0
Mode! Number: 706 Stop: 10Apr 2012 22:33:.08
RMS Weighting A Wekght Feun Time: DI:12:00
Pazk Weaighting: Urwebghted Pre Callbraton: 27 Mar 2012 222300
Detector Slow Post Calloration: 11.Apr 2012 12:43:00
Ga: DdB Devdation 0.0 a8
Samgle Penod 15200nd Periods 721

Mo, Time LEq Lmax LPE“ TWA Owar 2 ] £ = [ 1] o a1 =l 0D 10 a:ﬂ in 4l
T [ AT ZOEOT | 99E | W5 | T8 ]

322 | 10ADrAMIZ2TOX0Z | 9BE | 947 | 114E || 26

323 | DApraOMZ20303 | 987 | oAE | 1148 7

324 | DApro;iz20E04 | oes | o8 | 114E | B

325 | 0ApraCM2 220305 | 0RO | 4000 | 1158 || 1000

326 | 10ADrIOMZ2T0Z0E | 1001 | 1001 | 1135 || 1001 ]

7 | 1DApramiz2EOIOT | 1002 | 1003 | 1146 || 1002 ]
38 | DAprICM2 220306 | DDA | 1006 | 1135 || 1004 ]
320 | 10ApraMI22T030S | 1DBS | 1005 | 1165 || 1005 ]
330 | 10Apra02 220310 | 0BG | 1007 | 1155 || 1006 |
33 | 10ApraZ 203 | DRS | 1009 | 114E || 1008 ]
332 | 0ApraO2 220312 | DRS | 1009 | 1146 || 1008 |
333 | 0ApraCM2 220313 | DRS | 4000 | 1165 || 100 |
334 | 10AprAOMZ2T0XM4 | 1011 | 1010 | 185 || 101 |
335 | 10ApraC2 20315 | D08 | 1011 | 1146 || 1008 ]
33 | 0ApraCM2 230316 | DRS | 1008 | 1135 || 1008 ]
337 | 10ApraMIZ2T03IT | DBS | 1008 | 1141 || 1008
33 | 10ApraOM2 220316 | 1DBG | 1008 | 1141 || 1006
330 | DAprIOHZ2:034S | D04 | D4 | 1424 || 00t
340 | 10ApraMI2 20320 | 100D | 1004 | 1154 || 1000
31 | iDApraizIIOEEi | AT | s | 127 7
32 | 0ApraCM220322 | 085 | 996 | 1141 | S
343 | DApraCM2 22033 | oe3 | o4 | e | 3
354 | DApraIZ2IOE4 | o4 | A5 | me | @4
35 | DAproOi22032s | 985 | o7 | 1141 | S
36 | DApraC2 20326 | oeo | Sas | 127 | g
347 | 10ApraMIZ2T03IT | 9O | 1000 | 1135 || 8
35 | 10AproCM220326 | 996 | 998 | 1127 || W6
30 | iDApraCi22TOEIe | oE3 | o4 | 114E | @3
350 | 10AproO220x30 | S84 | oS85 | e | w94
351 | 1DApraCM2230%M | oed | o4 | 127 || o4
352 | 1DApraizaIOEaT | 9md | o5 | me | @4
353 | DApro;iz20xad | oe2 | o3 | 127 | w2
354 | DApraOMZ2TOEI4 | SEd | o2 | D || s
355 | 10ApraI22T033S | 9ES | o0 | 1135 || 8B
35 | 10AproO2220336 | SE6 | o7 | 127 || 86
35T | DApraOMZ 220337 | 9T | oA | S 7
35 | 10ADraIZ2TOXIE | SED | oas | me | s
35 | 10ApraI22TOEIe | 9ED | o0 | miE | s
350 | 10Apro0i220340 | 980 | S84 | e || w0
351 | iDAprami22xim3c | 7R3 | ELD —| =i
32 | 1DApraMZ2:iEAD | 816 [ 83 —| =&

353 | 1DApro;izazimdl | 843 | 853 — | 4z
354 | DApraCM2 23442 | 865 | &6 | 1030 || 865 [ ]
35 | 10ApraM22x1E43 | BT7 | B8 | 108E || E77
356 | 10Apromzais44 | BE4 | B3 | 1035 || B34 =

57 | DAprami22:is4s | onD | o0& | 1036 || 00 ]
358 | iDApro;zaisde | 920 | 834 | 1ms || 20 ]
350 | 0ApraCM2 23447 | o42 | S50 | D || 42 [ ]
370 | 10ApraMIZ2TiE4E | 96D | o7 | 1135 || 58 ]
371 | iDApro;izazisds | oED | SaT | iMD || 8D ]
372 | DApraCM22:imS0 | SeE | 002 | M8 || S [ ]
373 | 10AprAMIZ2T1ES1 | 0BT | 1001 | 1146 || 1007
374 | 1DApro;iz2imse | 1014 | 1008 | 1135 || 1014 ]
35 | DApraCM22:4%53 | 023 | 4026 | 1146 || 1023
376 | 10ApraCI22T1%54 | 1028 | 1030 | 1146 || 1028
37 | 10APrAMIZ2T1H5S | 1030 | 1034 | 1135 || 1030 ]
378 | 10ApraO2221%56 | 1020 | 1030 | 1146 || 1030
3% | DAprICM22:4%ST | 034 | 4037 | 1144 || 1034
380 | 10ADrIOMZ2T1HSE | 1041 | 1045 | 1158 || 1041 [ ]
331 | 10ApraOM22:1:50 | 1047 | 047 | 170 || 1047
382 | DAprICM2 233000 | D47 | 4047 | 1174 || 1047 ]
383 | 10APrAMIZ2TIMMM | D45 | 1047 | 1165 || 1046 ]
334 | 10Apro;M2 23002 | 1047 | 049 | 1165 || 1047 |

[




BRI ek LHEn AR 2072 2124001
Mol Rumiser; T0E Stop: 10Apr 2012 Z2:35:08
RMS Welghting AWaight Run Time: 031200
Peak Weighting:: Urrnedghied Pre Callbraton: 27 Mar 2012 Z2:23:.00
Detector Slow Post Calloration: 1A 2012 12:43:00
Gain; 0 dB Deeviation; 0.0ds
‘Zample Penod: 1 sacond Perinds: 73

M. Time leq Lmax Lpsak TWA n
it o : [ TOEE | TEE ]
336 10Apra0i2 2220004 | 1045 | 105D
7 108pra012 22220008 | 1081 | D62
386 10Apraoiz2 222006 | 1053 | 1053
b 10Apra0i2 22007 ( 10841 | 1062
30 104pra012 22220008 | 0G0 | D84
Bl 10Apraci2 2r200e ( 1048 | 1048
a2 10Apraci2 2220010 | 1045 | 1049
k) 10Apr 201222230011 | 1049 | 1048
a4 10Apraci2 22212 ( 1048 | 1049
o 0Apraciz 222013 | 1046 | 1047
k2 10Apraciz 2r20c14 | 1047 | 1049
T 10Ara0i2 2220015 | 1045 | 1040
E 10Apraoi2 2r2c1e | 1048 [ 1050
Ee 10Apraoi2 2217 | 1052 | 1063
400 108pra0i2 2220018 | 1083 | D54
401 10Apraoi2 2r2c1e 1053 | 1054
a0z 10Apraoi2 2r20can ( 1052 | 1063
403 108pra0i2 222021 | 1081 | 1DE2
404 10Apraoiz 2222z 10241 | 1054
40z 10Apraoi2 223023 ( 1051 | 1052
408 10Apra0iz 2r20ca4 | 1052 | 1083
T 108pra0i2 22220228 | 1083 | 1054
408 10Apraci2 2r20c26 1053 | 1054
405 10Apra02 220037 (10841 | 1062
410 108pra012 222028 | 1082 | D63
i 10Apraoiz 2r2cas (10541 | 1052
412 10Aprao2 220030 ( 10841 | 1083
413 108pra0i2 2222031 | 1085 | 06T
414 108pra012 2220032 | 10E8 | 105D
412 10Apraoi2 27333 1058 | 1060
418 10Apra0i2 2r20c34 | 1056 | 1069
47 108pra012 22220038 | 1085 | 1DSE
41E 10Apraoi2 2r30c3e | 1052 | 1053
418 10Apraoi2 2r20c3r | 10841 | 1062
420 108pra0i2 2220038 | 1082 | D54
421 10Apraoi2 2r23c3s ( 1053 | 1054
422 10Apra0i2 2r20can ( 10841 | 1052
423 10Apra0i2 2r20cad ( 1020 | 1050
424 108pra0i2 2220042 | 1048 | 105D
425 10Apraoiz 222043 | 1020 | 1054
426 10Apra0iz 2r2ca4 | 1020 | 1054
T 0Ara0i2 2220048 | 1045 | D40
428 10Apraci2 272046 ( 1046 | 1046
428 0Aprac2 222047 | 1042 | 1045
430 108pra0i2 2220048 | 1037 | 1040
43 10Apraoiz 2r3van (1032 | 1035
43z 10Apraoi2 223050 ( 1034 | 103.2
433 10Apra0i2 2r20csd | 1028 | 1029
434 108pra0i2 2220052 | 1026 | 1027
435 10Apraoi2 2r230cs3 | 1025 | 106
436 10Apra0i2 2r20cs4 | 1026 | 1026
7 108pra0i2 22220058 | 1025 | 1026
438 10Apra0i2 2r20cse | 1024 | 1024
435 10Aprai2 2r20caT | 1025 | 1025
40 10Apra0i2 2r20cse (1026 | 1028
441 108pra012 22220050 | 1030 | 1034
427 10Apraciz 222100 ( 1032 | 1035
43 0Apraciz 22901 | 1035 | 1035
444 108pra0i2 222902 | 1033 | 1034
428 10Apraoiz 22103 ( 1032 | 1083
48 0Apraciz 22104 | 1033 | 1033
7 108pra0i2 222908 | 1033 | 1033
42 10Apraoiz 222106 ( 1032 | 1033
III 14
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el Fmer AT GET T AQe 2072 ETAT T
Mods! Nurmiger, T0E Stop: 10 Apr 2012 22:38:08
RMS Welghting AWelght Run Time: 00:12:00
Peak Wiighting: Urnweighted Pre Callbraton: 27 Mar 2012 22:29:00
Detactor Slow Post Calloration: 11 Apr 2012 12:43:00
can: 048 Devtation; 0.0 88
Samgle Perod 1 sacont Perinds: 720

Mo, Time Leg Lmax Lpsak TWA Over @ T

_HTWJJ'IL[EII.Un 1033 A 3T TOE S

450 | DApra;izzzaime | D33 | 1034 | 1133 || 1033
451 | 1DApramizzzaios | 034 | 1036 | 1174 || 1054
457 | DApra;izzzain | 403D | 032 | 1133 || 1020
453 | 1oApraoizzzan | doze | d2s | 165 || 10z
454 | tDApromizeroiiz | oze | o2 | 11ss || 10ze
455 | 1DApramizzzaiis | oze | o2 | 170 || 102
456 | 1DApra;izzzaida | 4027 | dm2E | 174 || 10T
457 | ompraoizezsids | doze | 2T | 165 || 102
456 | DApromizeroiis | 0ze | 1027 | 1196 || 10zE
458 | DApromizeroi? | d0ze | 102s | 1a7 || 10ze
450 | 1DApromizezoiis | 0ze | o2 | a7 || 10z
451 | 1DApramizzzaiis | 027 | a7 | 1aT || e
457 | DApramizzzaian | do27 | dm2E | 19s || 10T
453 | oApraoizazsies | doze | 030 | 1174 || 102s
454 | 1DApromizeroier | 030 | 1034 | 1195 || 10a0
455 | 1DApramizzzoies | ioze | 12 | a7 || 10z
456 | 1DApra;izzzaiza | dn2E | dm2o | 1202 || 1026

57 | 1DApra;izzzaiss | ioze | 1028 | 1195 || 1026

68 | 1DAprooizeraiss | oze | 2 | 1183 || 10ze
458 | oApraoizersier | dozs | 26 | 17O || 02s
470 | tDApromizeroies | dozs | 1026 | 16s || 1mes
411 | tompramizzzoies | 027 | dmaT | 1zt || oer
472 | DApra;cizzzaian | doze | dm2T | 1133 || 1026
473 | oApraoizarsias | doz7 | does | 126 || 027
474 | tDApramizeroaz | ozo | 1030 | 11ea || 1oz
475 | tDApromizeroeas | 0a0 | 1031 | 174 || 1080
476 | tDApramizzzaias | pzo | o2 | 119E || oz
477 | DApra;mizzeaias | doz7 | dm2s | 1a7 || 02T
478 | DApro;izzzaias | dnzo | 4034 | 1198 || 10z
478 | 0Apraoizersar | 4034 | 03z | 1Ts || 03
430 | 1DApra;cizeroeas | 034 | 103z | mea || 10aa
431 | Dmpromizerosos | s3E | &TT | 1074 || BiS
437 | DApramizzzaens | BET | Ea7 | ipom 7
433 | tDApra;cizzeaein | eis | w29 | 1110 || @i
434 | toaprooizozEEt | eds | osE | 1127 || sdd
435 | tDmpromizeroedz | ova | sae | 1To || ora
436 | 1DApramizzzaeis | o7 | 1006 | 14a || sex
4a7 | 1DApramizzzaes | 012 | e | 148 ||z
438 | 1DApra;izIzaEds | 4024 | 028 | 1154 || 1024
438 | DApraoizaraeds | 032 | 1036 | 115s || 103z
490 | DApro;izereed? | 038 | 1040 | 117s || 102
491 | DApro;izereeis | 039 | 1040 | 115s || 10am
422 | tDApramizzzaeis | 0EE | 1039 | 18s || 102
433 | 1DApro;izzzaean | D4z | 1045 | 1174 || 1Mz
434 | 1DApro;izeraest | 1046 | 1046 | 1165 || 1048
435 | tDmpromizeroese | 047 | 1087 | 170 || 1047
496 | 1DApro;mizeroess | 1047 | 1048 | 170 || 1047
497 | DApramizzzaeas | 1047 | 1088 | 1165 || 1047
428 | 1DApra;izzzaEss | D48 | 08T | 1133 || 1M4E
498 | 1DApra;izzraEss | D4E | 1048 | 1174 || 14E
500 | 1DApro;izeraesy | D49 | 1048 | 117S || 104
501 | 1DApro;izeroess | D49 | 10es | 1195 || 104s
sz | 1DApramizzzaess | psD | 1051 | 1Te || 10en
503 | 1DApra;izzzaean | 4psd | 105z | 1iad || 10sd
504 | DApra;izzzaeas | dDED | 054 | 11E7 || 1080
505 | oAprooizaraeaz | do4e | 050 | 17O || 104s
506 | 1DApro;izeroEas | 1047 | 1048 | 165 || 1047
507 | 1DApromizeroeas | 1047 | 087 | 1174 || 1047
508 | 1DApro;mizzzaeas | D44 | 1086 | 117 || 1044
508 | 1DApro;izzzae3s | D4z | inez | 1158 || 1Mz
S0 | 1DApro;izeraea’ | 041 | 10ez | a3 || 1od
st | iDAprooizeroess | 03E | 103 | 117e || 10aE
s12 | 1DApramizzzaeas | 0Es | 1036 | 170 || 10as

il s 1] 141
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[ Sarial Mumioer. 453 Starc T0Apr 2072 214051
Model Nurminer. DB Shop: 10 Apr 2012 Z2:38:08
RMS Welghting AWealghti Run Time: 0 12:00
Peak Weighting:: Urrnedghied Pre Callbraton: 27 Mar 2012 Z2:23:00
Detecton Slow Prest Calloration: AR 2012 12:43:00
Gain: 0 dB Diesation: D.0dB
Sample Penod 1 second Pesiods: 720

Mo Time leqy Lmax Lpsak TWA n
E1E] 18] TS TS L]
S14 108Apra0i2 222641 | 1034 | 1083 [ 1174
515 10Apra0i2 2236:42 | 1028 ( 1028 ( 170
516 10Apra0iz 2r26:43 1030 ( 1080 | 170
=i 108pra0i2 222644 | 028 | 1080 [ 1170
S1B 10Apra0i2 2r26:45 | 1028 | 1029 [ 165
515 108pra0i2 22646 | 1034 | 1083 [ 1195
520 10Apraoiz 2X26:47 10341 | 1082 | 1Ma7
21 0Apraci2 2X26:48 | 1030 | 1084 174
S22 10Apra0z 2r26:45 | 1031 | 1034 174
523 0Apraoi2 2X26:50 | 1034 | 1084 &3
524 108pra0i2 232651 | 1032 | 1083 | 1170
525 10Apra0i2 2r26:52 | 1036 | 1087 | 175
528 0Apraci2 22653 | 1037 | 1087 | 1Ma7
527 0Apra0iz 2r26:54 | 1036 | 1040 [ 175
528 0Apraci2 22655 | 1040 1042 ( 195
520 10Apraoi2 2r26:56 | 1042 1043 [ 178
530 0Apraci2 22657 | 1049 (| 1042 (| 175
i 0Apra0i2 2726:58 | 1042 | 1043 | 170
a3z 0Aprai2 2X26:55 1049 ( 1042 | 1183
533 0Apraciz 22200 ( 1042 | 1042 ( N1MET
5 0Apraci2222%01 | 1043 | 1044 ( MET
38 0Apraciz 220z | 1044 | 1044 ( 1205
536 0Apra0i2 222903 | 1042 | 1043 | MAT
537 0Apraciz 22904 ( 1042 1043 (| 1MET
538 0Apra0i2 222505 1044 | 1042 [ 1194
539 0Apraoiz 2r2w0e | 1042 ( 1043 ( 1133
540 10Apra0i2 222507 | 1044 | 1044 ( 1205
541 10Apra0i2 2r2%06 | 1044 | 1084 [ 11949
582 0Apra0i2 22505 ( 1043 | 1084 [ 1194
543 0Apra0i2 222510 | 1043 | 1043 ( 1183
544 10 Apr 2012 223911 1043 | 1084 [ 195
545 0Apraci2 222512 | 1044 | 1045 [ 185
548 0Apraciz 22513 | 1049 | 1043 | 1133
-7 108pra0i2 22:2sc14 | 1038 | &0 [ 1170
S4B 0Apraciz 2r2%1s | 1036 | 1040 ( 1133
] 108ra0i2 2225016 | 1040 | 049 [ 1183
S50 10Apraoi2 2217 | 1040 ( 1042 ( 1M9B
a5l 0Apraoiz 22516 | 1043 | 1043 | 1133
552 10Apra0i2 222510 | 1042 | M3 [ 1178
553 0Apraoiz 222l ( 10449 | 1042 [ 175
S 0Apraciz 222l | 1040 | 1044 118.3
S50 10Apraoiz 2r2%22 | 1040 | 1044 a7
56 0Apraciz 2223 ( 1042 | 1044 | 1183
E-T 0Apraciz 2224 1045 | 1046 | 1M9B
i 0Apraciz2r2%as | 1047 ( 1045 | 193
350 0Apra0i2 222528 ( 1047 | 1048 [ 1194
560 10Apraoi2 22937 | 1047 | 1048 [ 195
=l 0Apraciz2r2%2e ( 1046 | 1047 [ 1194
Sa2 0Apraciz 2r2e2s ( 1045 | 1046 ( 1174
S63 0Apraci2222%30 ( 1045 | 1046 | 1M9E
554 0Apraci2 22231 | 1044 | 1045 [ 178
565 0Apraciz2raw3z | 1045 | 1080 ( 187
556 10Apra0i2 223933 | 1050 | 1050 ( 1a7
T 0Apraoiz 22534 | 1020 | 1084 1141
558 0Apraciz2ra%3s | 1084 | 1062 | 1195
560 0Apra0i2 22236 | 10541 | 1053 | 1214
S70 0Aprao2 222537 1083 | 1084 [ 1211
ETh | 0Apra0i2 223938 | 1052 | 1054 | 1206
ETFS 10Apra02 2r2%3s | 1050 | 1054 11435
573 10Apra0i2 222940 1048 ( 1050 ( 185
o574 0Apra0iz 2241 | 1048 | 1049 ( 175
oTe 08pra0i2 222542 | 1045 | 1045 [ 1187
576 0Apraoiz 2243 | 1043 | 1044 ( 120B
: ] il
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[ CEnial Mumioer. dss alan AR 20T 218051
Model Mumiper. 106 Shop: 10 Apr 2012 Z2:35:08
RMS Welghting AWaight Fiun Time: D0:12:00
Paak Weighting:: Uriweighted Pre Callbragon: 27 Mar 2012 Z2:29:00
Detector Slow Post Calloration: 11 Apr 2012 12:43:00
Gain: 0dB Diewlation: D.0dB
Sample Perod 1 sacond Perods: 740

M. Time leg Lmax Lpeak TWA %
T 1Y) : [TEZ | TE3 ¥
STB 10Agra0i2 222948 | 1042 | 1043
579 10Aor2012 222986 | 1043 | 1024
550 10Ara02 222547 | 1044 | 1046
581 10Apr2012 22546 | 1046 | 1047
552 10Agr2012 222545 | 1047 | 1048
553 10Ara02 222550 | 1047 | 1048
504 10Apra0i2 222951 | 1047 | 1048
585 10Apr 2012 2x29:52 | 1046 | 1046
556 10Agra0i2 222953 | 1046 | 1047
T 10Apra0i2 222054 | 1047 | 1047
558 10Ara02 2x2558 | 1047 | 1048
559 10Apr2012 22556 | 1050 | 1051
530 10 Apr2012 22957 | 1082 | 1052
591 10Agr2012 22956 | 1081 | 1082
Sa2 10Apra0i2 222959 | 10241 | 1051
593 10Apr 2012 2230000 | 1051 | 1053
534 10Apr2012 2230001 | 1081 | 082
Sas 10Apra012 23002 ( 1052 | 1054
596 10Apr2012 2230003 | 1053 | 1054
587 10Apr2012 23004 | 1051 | 052
538 10 Apr2012 23008 | 1081 | 1081
539 10 Agr2012 223006 | 1081 | 1081
G600 10Apra0i2 223007 | 10249 | 1052
601 10 Apr 2012 2> 36:08 T80 76.1
612 10 Apr 2012 2236:09 TED .2
503 10A0r 2012 223610 833 6.6
604 10Apr 2012 22-36:11 8ET 80.2
615 10 Apr 2012 2236012 914 2.8
=1 10 Apr 2012 2236013 945 956
BI7 10 Agr 2012 223614 963 967
GOE 10Apr2012 23618 7.0 o7.2
609 10Apr 2012 2236016 974 976
610 10 Apr 2012 223617 978 933
a1 10A0r 2012 2236018 =143 288
612 10Apr 2012 2236:19 QB85 239
613 10 Apr 2012 223620 932 9.3
614 10Apr 2012 223621 992 2.3
615 10 Agr 2012 223622 932 w2
G1E 10Apr2012 23623 ooz =]
617 10Apr 2012 2236:24 8.3 |T
616 10 Agr 2012 2236:25 939 | 10041
619 10Apra0i2 223628 | 1002 | 1003
520 10Apr 2012 23627 | 1001 | 1004
621 10Apr2012 23626 | 1004 | 1005
622 10Agra012 23629 | 1006 | 1013
623 10Apra0i2 223630 | 1016 | 102D
624 10Apra012 23631 | 1021 | 10S
625 10Apr2012 23632 | 1025 | 1026
626 10Apra2012 23633 | 1020 | 1023
27 10Aora0i2 223634 | 1007 | 1ME
626 10Apr2012 23635 | 1018 | 1018
629 10Apr2012 23636 | 1023 | 1025
630 10Agr2012 23637 | 1028 | 103.0
5] 10Apra0i2 23638 | 1030 | 1031
632 10Apra012 23630 | 1028 | 103.0
633 10Apr2012 2x36:40 | 1026 | 10289
634 10Apr2012 23641 | 1030 | 1034
B35 10Apra0i2 23642 | 1035 | 1085
636 10Apra0i2 23643 | 1037 | 10389
63T 10Apr2012 223644 | 1040 | 042
638 10Agra0i2 223648 | 1042 | 1043
639 10Apra012 23646 | 1049 | 1041
620 10Apr2012 23647 | 1036 | 1040
0 4
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[ S=ral Humer, K] TEa T AR Z072 ST A0S
Model Numoer 708 Stap: 10.Apr 2012 22:34108
RMS Welghting A Wekghting Foun TIme: DI:1Z00
Paak Waightng: Unweight=d Pre Callbraton: 27 Mar 2012 22:29:00
Detactor Siow Post Calloration; 11 ART 2012 12:43:00
Gl nd8 Deatior; Do dE
Sample Period: 1 52cond Pesiods: 720

Mo, Time Leq  Lmax Lpsak  TWA n 1
[ 'ILIPFTJJ'ILEEJLM L EAE] s ay TS
706 | 10ApraCI22:aTER | DIE | 01L& | 1141 | 1016
707 | 10AprICIZ2zaTA4 | D17 | 01E | 115D || 01T
706 | 10ApraizzzaTEs | 016 | 1007 | 170 || 1016
705 | i0AprIOi2233TEE | 014 | imid | 1170 || 1014
7I0 | 10ApromizzzaTaT | 1014 | 14 | 154 || 1014
7H | 10AproIZaTaTEE | 015 | 016 | 1185 | 1015
Ti2 | 10ApraCi22zaTE0 | D14 | 0S| 114E || 1014
713 | 10AprIIZITIEO0 | 1013 | 1014 | 1MEE || 1013
7i4 | i0AprIOIZ2T3E0T [ 013 | 0i4 | 114E || 1013
715 | 10ApromizazaEm | 1013 | 14 | mEe || 1013
TIE | 10AprIOIZ2T3E03 | D12 | 012 | 1154 || 1012
71T | 10ApromizaTaEO4 | 1013 | 1014 | 158 || 1013
7I8 | i0AprIOI2233605 | 015 | 1S | 1170 || 1014
719 | 10AprIIZITIE0E | 1013 | 1S | MEs || 1013
720 | i0AprIOizaziEOT | 01z | i3 | 1155 || 012
X 4
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[ T=nal HOmGer. FER 7T T Apr 2072 ZTA0ET
Modsl Number: TOE Shop: 10 Apr 2012 223808
FRMS Weighting: A'Weight Run Time 03:12:00
Peak Walghting: Urnweighted Pre Callbraton 27 Mar 2012 22:29:00
Dedzctor Slow Post Callbration 11 Apr 2012 12:43:00
Gak: ) Devlation: 0.0 d8
Samgle Perod: 1s2cond Perlods: 73

Mo Time Leq Lmax Lpaak TWA Over @
1530 L1Y) e e s Tt
642 | 1DADroDIZ2T3E40 | 1037 | 1038 | 170 || 1027
643 | 1DADrIDIZ2TIES0 | 1030 | 1040 | 1183 || 10as
644 | DADrIDIZ2TIEST | 1043 | 1084 | 174 || 1043
45 | fDADrODIZ2TIEST | 1045 | 1045 | 112E | 14E
B4 | fDADrIDIZ2TIESI | 1044 | 1085 | 1183 || 1044
647 | IDADrIDIZ2TIESA | 1043 | 1084 | 1187 || 1043
B4E | fDADraDIZ2TIESS | 1040 | 1082 | 179 || 1040
640 | 1DADrIDIZ2TIESE | 1041 | 1081 | 1983 || 104
B0 | fDAQraDIZ2TIEST | 1040 | 1081 | 1195 || 1040
B51 | iDADrIDIZ2TIESE | D44 | 044 | 1978 || 104
B2 | 1DADrIDIZ2TIEST | 1041 | 1081 | 1983 || 104
B53 | fDAQraDIZaEITO0 | 1049 | fDe2 | 183 || 104
BS54 | 1DADrIDIZ2TITON | 10390 | 1044 | 1991 || 1038
BSE | fDAQraDIZ2TITaO2 | 1035 | 1038 | 1174 || 1038
B5E | fDAQraDIZITITOR | 035 | 038 | 1987 || 103E
BT | 1DAQraoizazaw 020 | 0o | 17e || wss
BSE | iDAQrIDIZ2TITOS | 1030 | 038 | 1974 || 1033
BSD | fDADrI0IZ2TITOE | 1037 | 1038 | 183 || 10a7
650 | fDAQraDIZITITOT | 035 | 036 | 1985 || 1035
651 | fDApraDiZazaTOe | 028 | 032 | 1985 || 1028
652 | fDAQraDIZaTITO0 | 1024 | 1026 | 170 || 1024
651 | iDAQrIDIZITITAD | 020 | 022 | 1154 || 1020
654 | 10Ap 201222371 | 1046 | 101B | 1154 || 1006
65T | iDApraDIZaEaTAT | DAd | 003 | 1927 || 10
656 | fDAQrIDIZ2TATA3 | 1D0E | 1000 | 1141 || 1008
57 | iDADraiZ2zaTi4 | 1005 | 1009 | 141 || 1008
S8 | 10ADro0IZ223TAS | 1060 | 1012 | 185 || 1010
B51 | fDADraDIZ2TITAE | 044 | 002 | 170 || 1014
670 | fDApraDIZaEITAT | i0id | 012 | 114E || 104
671 | fDAQramIZ2EaTAe | 1062 | 1003 | 158 || 102
672 | fDADra0IZ2TITAe | 1062 | 4003 | 170 || 102
672 | 1DAQrIDIZ2EAT20 | 1062 | 1003 | 154 || 102
674 | fDADraOIZ2EITA | 4044 | G004 | 1954 || 1014
675 | fDAraDIZ2EaT22 | 1040 | 1004 | 135 || 1010
676 | fDAQragiZara?2s | 1060 | 1000 | 1128 || 1000
677 | 1DAgraoizazaw 000 | 1009 [ 1158 || ooz
67E | fDAQramIZ2LaT2s | 1060 | 1004 | 165 || 1000
670 | fDApramizarav2e | 10id | oz | 1154 || 10
B30 | fDArIDIZ2EATET | 1064 | 1006 | 1159 || 1014
631 | fDAraDIZ2TIT2E | 1067 | 100E | 158 || 1007
637 | fDADrIDIZ2TIT20 | 106E | 1018 | 165 || 101E
633 | fDAQraDIZ2TITA0 | 1009 | 1008 | 154 || 102
634 | iDADrIDIZITITI | 104 | G020 | 1154 || 1B
B35 | fDAQraDIZ2TITAL | 1066 | 100E | 158 || 1006
B38| fDADrIDIZITITIE | 045 | 006 | 1158 || 1S
637 | 1DAQra0iz 2w 015 | 0tE | 115 | s
B3E | fDAQraDIZ2LIT3S | 1004 | 1004 | 1a1 || 1014
B30 | iDAQrIDIZITITIE | 1044 | 015 | 1985 || 1014
B30 | fDADraDIZ2EITIT | 1062 | 1004 | 1154 || 102
691 | iDAQrIDIZ2TIT3E | 1009 | 4000 | 1154 || 1003
632 | 1DAQrIDIZ2EAT30 | 1009 | 1000 | 1154 || 1008
693 | iDAQrIDIZ2TITAD | 104D | 014 | 1154 || 1000
634 | 1DADrIDIZ2EATAT | 1062 | 102 | 170 || 12
635 | fDADraDIZ2TaT42 | 1063 | 1004 | 1158 || 1013
B3 | 10Agraoizazar 015 | 0tE | 1185 | s
BA7 | 1DADrIDIZ2EATA4 | 1047 | 1018 | 174 |07
B3E | iDAQrIDIZ2TITAS | 104E | 018 | 1154 || 101E
B30 | 1DADrIDIZ2TATAE | 1047 | 100E | 1154 || 1007
TO0 | fDADraDIZ2TITAT | 065 | 1009 | 179 || 1B
TO | iDADrIDIZ2TATAE | 100 | 101E | 1174 || 1B
TOZ | fDADra0IZ2TITA0 | 1047 | A0LE | 170 || 1007
T2 | 1DADrI0NZ 23T 016 | 1016 | 1154 | 101E
T4 | fDADrIOIZ2TITET | 1005 | 1006 | 158 || 10E
[ L I




162

[ T=ral Humioer, TasT i T A 2012 15000
Mode! Number, 06 Shop: 0 Apr 2012 170247
RMS Welghting: AWelghting Run Time: 00:12:00
Paak Walghting: Urnweighted Pre Cailbraton: 27 Mar 2012 22:29:00
Dedzctor: Slow Post Calloration: 11 Apr 2012 12:43:00
cak: 0B Devlation: L.0ds
Sample Period: 15200nd Pelods: 720

Mo Time LEq Lmax LPE“ TWA Oear 2 ] E =0 L] o L #l [ 1] 1D 4:0 in 142
1 EprT.{IJ'I.{'Ih.Uﬂ'ID ool oo — ok
2 | DSAprooiziEEMt | BE2 | s | 1pse | eAz
3 | DeAproDZIEOEMZ | 906 | 915 | 1074 | ooE
& | DoAprI0IZ Y60 | 25 | a3 | toam | ces
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