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PREFACE
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Mathematical calculations were performed by Mr. Cuscino.
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SUMMARY

This report presents an evaluation of fugitive dust emissions
generated by heavy-duty vehicular traffic over a series of paved and un-
paved roads within an integrated iron and steel plant. The purpose of
this evaluation was to determine the degree of emissions reduction achiev-
able through the implementation of specified control measures including
paving, sweeping, and applying dust suppressants,

The most effective control measures are found to be paving of
unpaved road segments or application of dust suppressants (water or oil)
to unpaved roads. Although the levels of uncertainty in these calculations
are considerable, the projected emissions reductions are believed to be

realistically achievable through the implementation of the specified con-
trol measures.




1.0 Introduction

This report presents the results of an evaluation of fugitive
dust emissions generated by heavy-duty vehicles transporting aggregate ma-
terials at an integrated iron and steel plant in northwestern Indiana. The
purpose of this evaluation was to determine the degree of reduction of cur-
rent emissions achievable through the implementation of control measures.

This study focused on four active materials transport roads:

1. Blast furnace flue dust route,

2., Coal stockipg and destocking route,

3. One stocking and destocking route, and

4. Blended blast furnace flue dust route.

Current emissions of fugitive dust were calculated for the un-
paved and paved segments of each road. Plant data for these calculations
were provided by Equitable Environmental Health, Inc. (EEH).

Four EEH-specified control options were evaluated:

1. Paving the unpaved portions of roadways associated with each
of the four distinct material handling activities

a. with a comprehensive maintenance and cleaning schedule
b. without a comprehensive maintenance and cleaning schedule.

2. Performing a comprehensive maintenance and cleaning program
for all paved segments of the four distinct material handling
activities,

3. Performing a comprehensive wetting or oiling program on all
unpaved segments of the four distinct material handling
activities.

For each control option, estimated reductions in dust emissions
were calculated to determine the relative effectiveness of control.

The following sections of this report discuss, in sequence; (a)
methodology for quantifying road dust emissions, (b) input data supplied
by EEH, (c) calculated emissions for each segment of paved/unpaved road,
{(d) evaluation of control options, and (e) reliability of estimates.




o

2.0 Methodology for Quantifying Emissions

The methodology for quantification of fugitive dust emissions
from paved and unpaved roads is based on the use of predictive equations
empirically developed by Midwest Research Institute (MRI). This section of the
report presents the empirically validated equations along with the modifi-
cations necessary to extend the applicability of these equations to the
specific cases at hand.

2.1 Unpaved Roads

The equation originally developed by MRI to estimate fugitive dust
emissions from unpaved roadsl was:

E=0.49 5 (=3 (1)
where E = Emission factor for particles less than 30 micrometers
(pm) in diameter, based on a particle density of 2.5 g/cm>
(1b/vehicle mile).
§ = Silt content (particles less than 75 nm in diameter) of
road surface material, as determined by dry sieving (percent).
V = Vehicle speed (mph).

This equation yields values within + 20% of the actual measured emission fac-
tors. Under the following road and traffic conditions: (a) silt contents
between 5 and 68%, (b) vehicle speeds between 30 and 40 mph, and (¢) light-
duty vehicles (automobiles and light trucks) having an average weight of

3 short toms. The equation is further restricted to apply only to dry days,
that is, days with < 0.01 in, of rainfall,

In order to extend the emission factor expression given in equa-
tion 1 to heavy-duty vehicle weights of as much as 80 short tomns, a correction
factor must be applied. A recent studyg/ has indicated that the emission
factor is directly proportiomal to the weight up to 8 short tons. However,
the authors believe that extrapolation of this finding up to 80-ton vehicles
yields emission rates many times higher than visual observations would in-
dicate to be possible. Experiments will soon be conducted by Midwest Re-
search Institute to quantify the emissions from heavy-duty truck traffic,
thereby yielding an appropriate weight correction factor,

Since the objective of this evaluation is to estimate the amount
of reduction of emission effected by various control techniques, it is felt




that a comservative estimate of uncontrolled emissions, one with an adequate
margin of safety, is in order. Therefore, the emissions given by Equation
(1) will be scaled to heavy-duty vehicle weights through the fellowing multi-
plicative weight correction factors (WCF):

If W s 30 toms, WeF = § _ (2a)

If W > 30 tons, WCF 10 (2b)

Because the unloaded truck weights being considered range from 20 to 30 tons,
the effect of these factors is essentially to approximate emissions from
heavy-duty vehicles by 10 times the factor for light-duty vehicles.

Finally,'in order to estimate emissions on a yearly basis,
Equation (1) must be multiplied by the fraction of dry days per year
in northwest Indiana, 245/365l/. With these modifications, Equation (1) be-
comes:

v 245
= 0.49 — WCF (==
E 4 S (30 C (365) (3)

2.2 Paved Roads

Figure 1 shows the results of field experimentsB?erformed by
MRI to quantify fugitive dust emissions from paved roads.= The dashed
lines in Figure 1 depict the extrapolation necessary to extend the experi-
mental data to surface silt loadings projected for the subject iron and steel
plant. The extrapolated lines do not pass through the highest data points
since those data values were inflated by the uniformity of distribution after
2 planned spill. Because the experimental data shown in Figure 1 was developed
with vehicles weighing 3 tons and traveling at 30 mph, both weight and speed
corrections must be applied to the experimentally cbtained wvalues, as follows:

Vv
E:E CF—
1 W= (4)

where E = Emission factor for particles less than 30 pm in diameter,
based on a particle density of 2.5 g/cm3 (1b/vehicle mile).

E_.= Emission factor from Figure I given as a function of surface
silt loading.

WCF = Weight correction factor from Equation (2)

V = Vehicle speed (mph).
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The total mass of loose surface dust on paved roads at the sub-
jeet plant was estimated to be 26,000 1b/mile. This corresponds to a very
dirty public road in an industrial area., The estimzted dust loading was
determined by studying photographs of various measured loadings and select-
ing the loading that appeared most representative of the paved roads ob-
served at steel plants.

The silt content of the dust on the paved roads at the subject
iron and steel plant was given a value equal to twice the silt content
of the grab sample of surface material from the nearest connecting unpaved
road. The rationale behind this selection is that the material on a paved
road would be the same as that found on a connecting unpaved road but with
twice the silt content, caused by continuous grinding between the vehicle
tires and the rigid paved. surface.

Silt loading, as used Figure 1, is obtained by multiplying the
fractional content of silt on a given paved road by 26,000 lb/mile. The
gravel fines curve in Figure 1 was used for the paved roads being considered
because the hardness and density of the surface materials more closely ap-
proximated gravel fines than pulverized soil.

3.0 Input Data

Input data required for the calculation of road dust emissions with
the equations shown in the previous section was provided by Equitable Environ-
mental Health, Inc. The notable exception was the surface dust loading on
the various paved segments, which was assumed to be 26,000 1b/mile. The given
input data for each materials transport road are shown in Tables 1 through 6.

As indicated in the tables, the transport routes were divided inte
segments with the endpoints of each segment defined by a nuwber. Each seg-
ment consisted of a single surface type, paved or unpaved. For each road
segment, vehicle speeds and weights (loaded and unloaded) were provided. In
the cases for which vehicle speed was given as a range of values (with no
more than 5 mph difference) the higher end of the range was taken.

Samples of unpaved road surface material were obtained by EEH
from roadside locations at key positions around the plant and shipped to
MRI for silt analysis. A summary of the dry sieving methodology and re-
sults for these four samples is given in Appendix 1.




Tables 1 and 2 list the input data for the blast furnace flue
dust route. Blast furnace 13 is considered separately from blast furnaces
1 through 12 because blast furmace 13 operates continuously and produces
385 tons/day of flue dust, while blast furnaces 1 through 12 operate inter-
mittently and produce a total of 693 tons/day.

Table 3 shows the input data describing the transport of iron ore
to and from the ore storage area. The trip from point 12 to point 14 is
used in stocking the ore storage piles. The ore is hauled from the base of
the ore handling crane on the east side of the barge slip to the ore stor-
age piles. The trip from 14 to 17 and 17 to 15 is used for destocking the
piles and hauling ore around to the blast furnaces on the west side of the
slip.

Table 4 presents input data for the transport of coal from the
silo te the bims. There are bins to the east and to the west of the silo
with equal trips made to each side. The first three road segments lie
to the west of the silo.

Tables 5 and 6, respectively, describe the transport of blended
flue dust to the storage area 2.3 miles east of the blending area and to
the sinter plant 0.9 miles north.
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4.0 Calculated Emissions

The input data given in Section 3.0 were used with the modified
prediction equations to yield average emission factors and hourly and
vearly emission rates. These values are shown in Tables 7 through 12.
Because the hourly emission rates were calculated by dividing the daily
emission rates by 24, the hourly emission rate is an average. The yearly
emission rate was calculated by multiplying the daily emission rate by
245, which is the number of dry days in northwest Indiama. It was assumed
that the material transport operations occur every day of the year, since
no other information was provided.

The hourly emission rates presented in Tables 7 through 12 are
sumparized in Table 13. It is clear from Table 13 that for the material
transport processes studied, the unpaved roads yield the majority (85%)
of the fugitive dust. The transport operation producing the most emis-
sions is the transport of blended flue dust, which generates 357 of the
total suspended particulate burden from the operations studied. The other
three transport operations each yield approximately 20% of the total emis-
sions.

14
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5.0 Evaluation of Control Options

Four control techniques were evaluated for relative effectiveness:

1. Paving the unpaved portions of roadways associated with each
of the four distinet material handling activities

a. with a comprehensive maintenance and cleaning schedule
b. without a comprehensive maintenance and cleaning schedule.

2. Performing a comprehensive maintenance and cleaning program
for all paved segments of the four distinct material handling
activities.

3., Performing & comprehensive wetting or oiling program on all
unpaved segments of the four distinct material handling
activities.

Two cleaning operations were considered: dry broom sweeping and wvacuum
sweeping.

For a given road segment the efficiency of contrel is given
by the following expression:

Control Efficiency = Uncontrolled E - Controlled E (5)
Uncontrolled E

where E refers to the emission factor. This assumes that the control
measure does not alter the traffic characteristies. The overall contrel
efficiency for an Nesegmented road may be obtained as follows:

N
Overall Efficiency = E e fi (8)
i-1 : -

where e is the efficiency and f; is the fraction of total uncontrolled
emissions contributed by the ith road segment.

5.1 Option 1A

Assuming that after paving a road the 26,000 lb/mile of road dust
has a silt content equal to twice the value for the previous unpaved road,
it may be shown that the efficiency of control equals 90%.

5.2 Option 1B

The control efficiency (e) of two sequentially applied control
measures (such as paving and cleaning) is given by:

22




e = e + ey = e1ey (73

In this case the efficiency of paving (e;), under the assumptions listed
above, is 90%. e, is the efficiency of cleaning method used on the paved
surface.

5.3 Option 2

The efficiency of a dry broom street-sweep and a vacuum street-
sweeper has been reported.& The dry-type broom sweeper has been found to
have negative efficiency for removing silt because it actually increased
silt loading on the street surface; however, because the broom does remove
some of the larger material which eventually would have been ground to
silt, the broom sweeper has been given a nominal 157 control efficiency.
The vacuum sweeper, on the other hand, removed 837 of the particles less
than 43 pm in diameter, and it is assumed that this same efficiency would
apply to silt.

5.4 Option 3

The efficiency of watering unpaved roads has been reportedé/ to
be 50% if watered twice per day; however, the efficiency of oiling has
not been found. It is assumed that the effect of oiling is similar to

chemical stabilization which has a control efficiency of 501.2/ Although
frequency of oil application is not specified, it can be assumed quarterly

application is sufficient to achieve a 507 efficiency if spills do not
cover the oiled surface. Table 14 shows the control efficiency achieved

by applying a particular control option to all the roads involved in a
particular material transport process. Applying the overall control ef-
ficiencies in Table 14 to the total emission rates in Table 13 yields the
reduction in emissions for each control option and for each material trans-
port process, as shown in Table 14. It is assumed that the silt loading
on paved roads builds to its stable value between daily sweeping.

5.5 Comparative Evaluation

Examination of Table 14 leads to several conclusions. Sweeping
the already paved roads with a broom sweeper yields negligible results
with only 10.6 1b/hr total reduction. The vacuum sweeper operated on
already paved roads is far more effective, with a 55 1b/hr reduction
attributable to its use. Watering the unpaved roads on a regular basis
(twice/day) can achieve a substantial reduction of 181 1b/hr but this
reduction will be partially offset by the increase in emissions from the
already paved roads resulting from carry out of moist dust from the unpaved
to the connecting paved surfaces. O0iling of the unpaved roads will also
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vield a 181 lb/hr reduction; however, oiling can produce a water pollution
problem if there is a lake, river or stream near the oiled roads that will
collect the runoff.

Paving, while the most costly, is by far the most effective con-
trol option, resulting in a 306 lb/hr reduction if all unpaved roads were
paved and minimally maintained at a loading of 26,000 lb/mile. This last
caveat is important because the reduction reported will be achieved only
if the paved road does not become dirtier than 26,000 lb/mile. Paving and
broom sweeping once per day yields little difference from paving alone, but
paving and vacuum sweeping increases the emission reduction to 355 lb/hr.

As indicated in Table 14, a 107 lb/hr reduction can be achieved
solely by paving and vacuuming the roads involved with the transport of
blended flue dust to the storage area. Actually a 184 1b/hr reduction will
be achieved since the road involved in the blended flue dust transport
to the storage area is the same road as used for coal transport.

The control options with the most promise would seem to be Option
1A (paving without cleaning) and Option 3 (watering or oiling unpaved roads).
The first would involve an intense initial effort followed by a periodic
maintenance program, while the second would require more continuous activity.
In comparison, little is to be gained by sweeping paved surfaces.

6.0 Uncertainty of Estimates

Although the empirically derived emission factor relationships
(Equation (1) and Figure 1) will predict emissioms within + 207 (90% con-
fidence level) over the range of field conditions tested, much larger levels
of uncertainty result from extrapclation of these relationships to heavy-
duty vehicles and, in the case of paved roads, to heavy surface dust loadings.
Additional uncertainty is introduced in the estimates of control efficiency
for each control option., Finally, much of the input data provided by EEH
consisted of estimated values, and MRI was required to estimate the values
for total loading and silt content of surface dust on paved roads.

Consideration of the many sources of uncertainty listed above
yields the following approximate uncertainty factors for the calculated

emissions and emission reductions, based on a 907 confidence level:

Quantity Uncertainty Factor

Current Emissions

Unpaved Roads 2

Paved Roads 3

Emission Reductions 2
25




For example, if the current emissions for an unpaved road are calculated
to be 100 1b/day, the probable true value lies between 50 and 200 1b/day.

Nevertheless, the calculated values presented in this report
represent the best professional judgment of the authors based on several
yvears of experience in quantifying and estimating dust emissions from
industrial roads. Moreover, in estimating quantities for this evaluation,
attention has been given to providing assurance that the calculated emis-
sion reductions are realistically achievable,

+
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E MICCONTINENT ENGINEERING & TESTING CO.

? JZZONW VIVION ROAD / PO BOX 8011 ' RIVERSIDE MO B416R 7 1B16) 1419466

December 29, 1976

Midwest Research Institute
425 Volker Boulevard

Kansas City, Missouri 64110
Attn: Mr, Tom Cusino

Re: Screen Analysis

Gentlemen:

At the request of Mr. Tom Cusino, four ore samples were picked up at
your office and laboratory for moisture and screen analysis.

The samples were weighed in total as received and dried for moisture
content,

Each entire sample was screened with the =200 recorded at 5, 20 and
40 minutes.

The test results are enclosed.
Very truly yours,
MIDCONTINENT ENGINEERING & TESTING CO.
IR 2y A S —
14
ohn B. Baldwin

President

JBB:fo
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MET #11746

% H20 - 7.4%

% -200 @ 5 minutes = 15,6%
% =200 @ 20 minutes = 20.5%
% =200 @ 40 minutes = 22.8%

[ MIDCONTINENT ENGINEERING & TESTING CO.

Froject

Midwest Research Institute
Blastfurnace Flue Dust

SIEVE ANALYSIS
Datel2-28-76

Baring No.

1

Sample No.

Total vl in grams of sexple, HB -3 C\ !

-—
«

Wt in grame of material > No. L sieve s

Sieve Openings sfﬁ;:‘%:, Rz:ii;::d Percent Retained P;;::;:
Inches TMiuimetern oY MNizber in grams Pertipnl Totel by Weight
2.0 3 @ 40 Min.
2.00 2=in.

1.50 1-1/2«1n,
. 1.00 25.k l~in. .
0.750 19,1 3/u-1n,
0,500 12.7 1/2-1n. 24,5 98,1
. 378 9.52 1/8-1p. 12.9 97.1
0.250 6.35 Ko. 3 |
0.187 b, 76 No. u 89.7 91,2
Pan
0.132 3.3 No. &
0.00k 2.38 No. 8
0.079 2.00 No. 10 155.0 78.2
0,047 1.19 Ne. 16
0.033 0.84 No. 20
0.023 9.55 Ko. 30
0.015% 0.h2 No. 4o 243.9 59,3
0.0117 0.297 No. 50
©.0083 0.210 ¥o. TO
0.0059 0.149 No. 100
0.00k1 0.105 Ho. 10 465.0 23.3
0.002¢ 0.C7h Ne. 200 6.0 22.8
Pan 295.0
Total weight in grass 1292._9 .

Partial percent retained

Total percent retained =

For an individual eieve,

Remarks

Technician

aleve - percent retained on individual sieve

¥t in grams retained on & sieve % 100
Vi in grems of sarpis used for A given series of Sieves

vt ip grams retained on a aleve x 100
total vt In grazs of oven-iry asxD e

the percent fiper by wveight = percent finer than next larger

Coxnputed by

Checked by
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% {20 - 5.8% :
% -200 @ 5 minutes = 7.1%
% =200 @ 20 minutes = 8,9%

% =200 @ 40 minutes = 9,.8%
/
l
EMMIDCONTINENT ENGINEERING & TESTING CO. |
T/ sEr 411747
Midwest Research Institute bare 12-28-76
Project __Coal Handling Road —_
Boring No. Sample Ne. 2
Total wi in greas of sazple, W = A+ 7.7 |Wt in grams of zaterisl > No. L sleve =
Sieve Openings sf:gédéi:e R::if::d Percent Retained P;f;::t
Inches | Millizeters | or Muver in grazs Partial Total by velght
3.00 3-1n. @ 40 Min
2.00 . 2-1r.
1.50 i-1/2-in,
1.00 25.L 1-in. .
0.750 15.1 3/k-1n.
0.500 12.7 1/2-1n. 13.3. _ 96.9
0.375 9.52 3/8-12. 16.9 1_92.9
0.250 £.35 ¥o. 3 _
0.187 k.76 No. 4 40.9 : 83.4
Pan
0.132 3.3 No. €
0.00k 2.38 Ra. 8
0.079 2,00 No. 10 82,2 64,1
0.047 1.19 Yo. 16
0.023 0.84 No. 20
©.023 0.5% Ko. 30
0.0165 0.he No. 40 143.1 LA
0.0117 0.297 Ne. 50 »
0.0083 0.210 fo. 70
0.0059 0.149 Ho. 100
0.00k1 0.105% No. 140 78.5 12,2
0. 0029 0.07k No. 200 i0.2 .2
Pan 42,0
Total welght in grams 427.1
Partial percent retained = wt in grams retained on s sieve x 100

wt in grams of sample used for a given seriea of sleves

wt in gTams retained on & sleve

Total percent retaiped = total wt in grams of oven-diry sacple

x 100

For an imdividusl sleve, the percent finer by waight = percent fiper than next larger
pieve - percent retaiped on individual sieve

RemArks

Technician Camputed by Checked by
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A

% H20 - 9.0% .
¥ -200 @ 5 minutes = 8.1%
9 =200 @ 20 minutes = 13.5%
% =200 @ 40 minutes = 14.,3%

E MIDCONTINENT ENGINEERING & TESTING COQ.

T

Project __Base of Transfer Tower at Ore Handling Area

SIEVE ANALYSIS

Midwest Research Institute Dete }_2;'2@:_7_6___

Boring No. Semple No. 3
Total wi in grams of sazple, W = i2.07.% | Wt oin grems of matericl > No. L sleve =
Sieve Openings sf:;ﬁ%i, R::.:E:zd Percent Retained P:I::::
inches Millicetera | gr MNe=ber in grozs Fartinl Total by Weight
3.00 3-in. @ 40 Min|
2.00 - 2-in.
1.50 1-1/2-1n.
1.00 25.k 1-in.
0.750 15.1 3/L-1n.
0.500 12.7 1/2-1n. 41.0 - . 95.9
0.375 .52 3/B-1a. 20,9 1 93.9
0.250 6.3% Ko. 3 _
¢.187 k.76 No. L 94,1 ; 84,5
Pan
0.132 3.3 No. £
0,09k 2.38 Fo. 8
0.07% 2.00 No. 10 104.0 74.2
0.047 1.19 No. 16
0.033 0.84 No. 20
0.023 0.5 No. 30
0.0165 o.h2 No. L0 214.,9 52.9
0.0117 0.297 Ro. SO .
0.0083 0.210 Ne. 70
0.0055 0.1kg No. 100
0.00LL 0.105 Ko. 1k0 383,7 14 .9
0.0029 0.074 Fo. 200 6.4 14.3
Pan 143.8
Total weight in grazs 1008 .8

wi in gress retained on & sleve

vt in grapes of sazple used for & glven series of pieves x 100

Partial percent retained =

wt in grems retained on & sieve
total vt in graos of ovap-dry saxzple

Total percent retaiped = x 100

For an individuel mieve, the percent fimer by weight = percent finer than next larger
aieve - percent retained on individual sieve

Remarks

Technician Computed by Checked by

+
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M

% H20 - 1.0% L
% =200 @ 5 minutes = 12,4%
% -200 @ 20 minutes = 13.9%
% =200 @ 40 minutes 14,7

]

E MIDCONTINENT ENGINEERING & TESTING CO.

T

11749

STEVE ANALYSIS

Midwest Research Institute bote 12228276

Project __Ore Storage Area

Boring No. Sanple No. 4

Total wt in grass of saople, Us I NS B Wt in grems of meterial > No. L afeve s

U. 5.

Sieve Openings Sf:::dgiie R::if::d Percent Retainesd P;;:::.'
Inches Millizaters | or Number in grazs Partial Tatel by wWeight
3.00 3-in. @ 40 Min.
2.00 2-1r.

1.50 1-1/2-1n.

1.00 25.4 1-in. ,

0.75¢ 19.1 ‘ 3/k-in.

0.500 1z.7 L/2-in. 0.0 — 41000

0.375 9.52 3/8-1n. 2,2 1_99.8

0.250 .35 Ne. 3 )

0.187 L_76 No. b 22.9 : 98.1
Pan

0.132 3.3% Ne. €

0,094 2.38 Ro. 8

0.070 2.00 No. 10 212.4 81.7

0.0kT 3.19 ¥o. 16

0.033 0.8L No. 20

0,023 0.59 No. 30

0.0165 0.52 No. Lo 4526, 0 LB .8

0.0117 0.297 No. 50 .

0.0083 0.210 No. 70

0.0059 0.149 No. 100

0.00L1 0.10% No. iko 388.9 18.7

0.0029 0.0T4 No. 200 51.8 14,7
Fan 190.5

Total weight in grems 1294 .7

vt in grems retained cn a sieve
wt in grama of sample used for a& glven series of sleves

Partial percent retaiped = x 100

vt in granps retained on s sieve
total vt in graos of oven-diry sacpis

Total percent retaiped = x 100

For an irdividual sieve, the percent fimer by welght = percent finer than next larger
sieve - percent retained on individual sleve

Remarks

Techniclan Computed by Checked by
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