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ABSTRACT

This study was directed to measurement of the control effectiveness of
various techniques used to mitigate emissions from open dust sources in the
iron and steel industry. Open dust sources in the iron and steel industry
were estimated to emit 88,800 tons/year of suspended particulate in 1978
based on a 10 plant survey. Of this, 70%, 13%, and 12% were emitted by
vehicular traffic on unpaved roads, vehicular traffic on paved roads, and
storage pile wind evosion, respectively. In this study two control tech-
niques utilized to reduce emissions from traffic on unpaved roads were
tested: a petroleum resin and water. Three control techniques for miti-
gation of emissions from vehicles traveling on paved roads were tested:
vacuum sweeping, water flushing, and flushing with broom sweeping. A petro-
leum resin and a latex binder were tested for their effectiveness in miti-
gating emissions from coal storage piles.

Control effectiveness values were determined by emission measurements,
utilizing the exposure profiling technique, before and after control appli-
cation. Control effectiveness was determined not only for total particulate
(TP), but also for inhalable particulate (IP)--particles less than 15 pm in

aerodynamic diameter, and for fine particulate (FP)--particles less than
2.5 ym in aerodynamic diameter. Also parameters defining control design,
operation, and cost were quantified. ' ‘

A decay in control efficiency with time after application was measured
for most of the control techniques tested. Within 5 hr of application, the
control efficiency afforded by watering of unpaved roads decayed from nearly
100% to about 60%, but the control efficiency of the petroleum resin re-
mained above 90% over the first 2 days after application. The paved road
control measures were much less effective than those applied to unpaved
roads; and the decay rates were high, i.e., comparable to the rate observed
for watering of unpaved roads. There is some indication that control effi-
ciency varies as a function of particle size, especially for paved road con-
trol measures. For example, vacuuming is less effective in controlling fine
particle emissions, but the opposite is indicated for water flushing.

Control of emissions for coal storage piles varied from 90% to almost
zero.depending on the type of treatment, length of times since treatment was
applied, and wind speed. Tests were performed using a portable wind tunnel.

Extensive mathematical relationships were developed to calculate rela-
tive cost-effectiveness of open source emission controls. The equations
include control cost and emission reduction variables such as capital invest-
ment cost and operation and maintenance cost, as well as uncontrolled emis-
sion factor, source extent and average control efficiency. The expression
for the average control efficiency incorporates various functional forms for
control efficiency decay rate. '
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SUMMARY AND CONCLUSIONS

The purpose of this study was to measure the control efficiency of
various techniques used to mitigate emissions from open dust sources in the
iron and steel industry, such as vehicular traffic on unpaved and paved
roads and wind erosion of storage piles and exposed areas. The control
efficiency was determined not only for total particulate (TP), but also for
inhalable particulate (IP)--particles less than 15 um in aerodynamic diam-
eter, and for fine particulate (FP)--particles less than 2.5 pm in aero-
dynamic diameter. In addition to control efficiency measurement, param-
eters defining control design, operation, and cost were quantified.

The methodology for achieving the above goals involved the measurement
of uncontrolled and controlled emission factors for emissions from vehicular
traffic on unpaved roads, vehicular traffic on paved roads, and storage pile
wind erosion. These sources were selected based on an open dust source
emission inventory for the iron and steel industry which showed the above
three sources to contribute 70.4%, 12.7%, and 11.5%, respectively, of the
88,800 T/yr of suspended particulate emitted by the industry.

The exposure profiling method developed by MRI was the technique uti-
Tized to measure uncontrolled and controlled emission factors from vehicular
traffic on paved and unpaved roads. Exposure profiling of roadway emissions
involves direct isokinetic measurement of the total passage of open dust |
emissions approximately 5 m downwind of the edge of the road by means of
simultaneous sampling at four to five points distributed vertically over
the effective height of the dust plume. Size distributions were measured
at the 1 and 3 m heights downwind utilizing cyclone precollectors followed
by parallel slot cascade impactors. During selected tests, size selective °
inTets mounted on high volume samplers were also deployed downwind.

Nineteen tests of controlled and uncontrolled emissions from vehicular
traffic on unpaved roads were performed. Ten tests were of heavy-duty traf-

fic (q;eater than 30 tons) and 9 were of light-duty traffic (less than
3 tons).

In calculating the efficiency of a control technique from emission |
factor measurements collected during controlled and uncontroiled tests, the
effect of testing during different periods in the lifetime of the control
was taken into account. The decay of control efficiency with time after
application has a number of causes, such as track-on from surrounding un-
treated surfaces and mechanical abrasion of the treated road surface. ‘
Accordingly, each value of control efficiency contained in this report in- |
cludes the time after application that the measurement was taken. ]
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Two control techniques utilized to reduce emissions from heavy-duty
traffic on unpaved roads were tested: (1) a 17% solution of Coherex® in
water applied at an intensity of 0.86 2/m2 (0.19 gal/yd?), and (2) water
applied at an intensity of 0.59 2/m2 (0.13 gal/yd?). The control efficiency
for Coherex®, at the above application intensity, averaged over the first
48 hr after application, was 95.7% for TP, 94.5% for IP, and 94.1% for FP.
The control efficiency for watering at the above application intensity,
4.4 hr after application, was 55.0% for TP, 49.6% for IP, and 61.1% for FP.
The control efficiency of watering at the above application intensity was
above 95% for all particle sizes 1/2 hr after application.

Only one control technique for emissions from light-duty vehicles trav-
elling on unpaved roads was tested. The contro] measure was a 17% solution
of Coherex® in water at an application intensity of 0.86 £/m2 (0.19 gal/yd?).
The control efficiency of Coherex® at the above application intensity, 25 hr
after application, was 99.5% for TP, 98.6% for IP, and 97.4% for FP. This
road had been closed to traffic for a day. Fifty-one hours after applica-

tion, these efficiencies had decayed to 93.7% for TP, 91.4% for IP, and
93.7% for FP. ‘

Three control techniques for mitigation of emissions from vehicles trav-
elling on paved roads were tested: (1) vacuum sweeping, (2) water flushing,
and (3) flushing with broom sweeping. The highest measured values for the
control efficiency of vacuum sweeping, occurring 2.8 hr after vacuuming,
were 69.8% for TP, 50.9% for IP, and 49.2% for FP. The control efficiency
for water flushing at 2.2 &/m2 (0.48 gal/yd?), approximately 40 min after
application, was 54.1% for TP, 48.8% for IP, and 68.1% for FP. The control
efficiency for flushing and broom sweeping approximately 40 min after appli-

cation with water applied at 2.2 2/m2 (0.48 gal/yd?), was 69.3% for TP, 78.0%
for IP, and 71.8% for FP.

Earlier MRI studies of open dust sources in the iron and steel industry
produced data bases which were used to develop predictive emission factor
equations. The precision factors (one standard deviation) associated with
the paved and unpaved road equations were 1.48 and 1.22, respectively. When
the results of the 18 tests of uncontrolled particulate emissions from ve-
hicular traffic on roads performed during this study were added to the data
bases, the precision factors increased to 2.14 and 1.45, respectively. These
increases indicate the need for possible refinement of the paved and unpaved
road equations based on the larger data bases now available.

The portable wind tunnel method was the technique utilized to measure
unconirolled and controlled emission factors from storage pile wind erosion.
The wind tunnel method involves the measurement of the amount of emissions
eroded from a given surface under a known wind speed. MRI's portable open-
floored wind tunnel was placed directly on the surface to be tested and the
tunnel wind flow adjusted to predetermined centerline speeds. The emissions
eroded from the surface were measured isokinetically at a single point in
the sampling section of the tunnel with a sampling train consisting of a

tapered probe, cyclone precollector, parallel slot cascade impactor, backup
filter, and high volume sampler. -
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Wind erosion from storage piles was quantified during 29 tests of un-:
controlled and controlled emission factors. Nearly all of the tests were
conducted on coal surfaces with two control techniques being studied separ-
ately: (1) a 17% solution of Coherex® in water applied at an intensity of"
3.4 9/m2 (0.74 gal/yd?), and (2) a 2.8% solution of Dow Chemical M-167 Latex
Binder in water applied at an average intensity of 6.8 &/m? (1.5 gal/yd?).:
The control efficiency of Coherex® applied at the above intensity to an un-
disturbed steam coal surface approximately 60 days before the test, under a
wind of 15.0 m/s (33.8 mph) at 15.2 cm (6 in.) above the ground, was 89.6%
for TP and approximately 62% for IP and FP. The control efficiency of the
latex binder on a low volatility coking coal 2 days after application, under
a 14.3 m/s (32.0 mph) wind speed at 15.2 cm (6 in.) above the ground, was
37.0% for TP and near zero for IP and FP. However, when the wind speed was
increased to 17.2 m/s (38.5 mph), the control efficiency increased to 90.0%
for TP, 68.8% for IP, and 14.7% for FP. The efficiency under the same wind
speed, 17.2 m/s, decayed 4 days after application to 43.2% for TP, 48.1%
for IP, and 30.4% for FP.

Three iron and steel plants were surveyed to determine open source emis-
sion control design, operation and cost parameters. Design and operation;
parameters included application intensity, application frequency, life expec-
tancy, applicator equipment manufacturer, normal operating speed, capacity;
fuel consumption, vehicle weight, number and capacity of nozzles at a spe~
cified pressure, and maintenance problems. Cost data included operating,
maintenance and capital investment costs. The operating and maintenance
costs were further subdivided into labor, gasoline and oil, maintenance and
repair, and depreciation costs. The capital investment costs included purs
chase and installation of primary and ancillary equipment. ‘

The conclusions gleaned from this study are as follows:

1. Open dust emissions from the entire integrated iron and steel .
industry for 1978 were estimated at 88,800 T/yr of suspended |
particulate. The total can be subdivided into the following .
general categories: :

Category | Percent Contribution

Vehicular traffic on unpaved roads 70.4
Wind erosion 15.0
Vehicular traffic on paved roads 12.7
Continuous raw material handling operations 1.6
Batch raw material handling operations 0.3

2. A decay in control efficiency with time after application was
measured for most of the control techniques tested. This means
that a reported efficiency value has meaning only when given in
conjunction with a time after a specified application. Within,
5 hr of application, the control efficiency afforded by watering
of unpaved roads decayed from nearly 100% to about 60%, but the
control efficiency of Coherex® remained above 90% over the first
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2 days after application. The decay rates of control measures
applied to paved roads (which were much less effective than those
applied to unpaved roads) were high, i.e., comparable to the rate
observed for watering of unpaved roads.

There is some indication that short-term control efficiency varies
as a function of particle size, especially for the paved road con-
trol techniques tested. For example, vacuuming is less effective

in controlling fine particle emissions, but the opposite is indi-

cated for water flushing. :

Wind erosion from the coarse aggregate storage piles tested and
observed at iron and steel plants is probably much less than pre-
viously thought. Testing has shown that for typical storage pile
surfaces, 10 m wind speeds in excess of 14.8 m/s (33.2 mph) are
necessary for the onset of wind erosion as determined by visual
observation of saltation. Also, crusts on piles and exposed sur-
faces are very effective inhibitors of wind erosion as long as
the crust remains unbroken. Current thinking suggests that the
major wind erosion problem is expected to exist on uncrusted
areas surrounding the piles, on uncrusted exposed areas and on
unpaved roads and uncrusted shoulders. Also, piles which have
dozer or scraper traffic on them (atypical in the iron and steel
industry) are susceptible to wind erosion. Finally, as would be
expected, uncrusted piles of fine, dry material are also suscepti-
ble to wind erosion.

The control efficiency of the Tatex binder tested for effectiveness
in reducing wind erosion increased with increasing wind speeds.

It is possible that this may apply to other wind erosion dust sup-
pressants and to a broader range of wind speeds than those tested,
but the data are still too sparse to support that inference.

The optimal cost-effective technique for applying open dust con-
trols is to make the application and then reapply only after the
initial application has decayed to zero control efficiency. How-
ever, this will yield only about 50% control efficiency, assuming
the technique started at 100%. In controlled emissions trading
(such as offsets, banking and bubbles), much more than 50% reduc-~
tion in open dust source emissions may be needed. Thus, optimiza-

tion of cost-effectiveness in the control of open dust source emis-

sions must always be considered in the context of a minimally
acceptable level of control.

There is no clear-cut definition of "best" control strategy for
open dust source emissions. Two possible definitions are:

a. That strategy which achieves the constraint of an acceptable
level of emissions reduction at the least cost; and

b. That strategy which achieves the minimally acceptable level

of control and is the least expensive per unit mass of emis-
sions reduced.
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Although the cost of (b) cannot be less than that of (a), (b) may
indeed prove to be more desirable in the long term because greater
offsets are possible and thus represents the most efficient use
of funds possible.

7. Evaluation of the emission reduction effectiveness of an open
dust source control measure requires the acquisition of detailed .
performance data on the control measure. The performance data.
gathered to date on open dust sources in the iron and steel in-
dustry has focused on the efficiencies of freshly applied control
measures for given sets of application parameters. Additional.
field testing would be required to determine the long-term eff1*
ciency decay. ;

8. As with the initial control efficiency, the decay rate of a con-
trol measure should depend in part on the application parameters.
Taking unpaved roads as an example, the frequency of application,
the application intensity, and the dilution ratio of the chemical
suppressant are of paramount importance. Also, there may be a:
residual effect of previous control applications which changes’
the shape of the decay curve, although this residual effect may
become less important after repeated reapplication-decay cycles.
Theoretically, a mathematical relationship could be developed :
which expresses mean control efficiency (during the period be--
tween applications) as a function of the application parameters
and the frequency of application once a sufficiently large em1s-
sions data base has been obtained.

9. As part of the emission trading process, a calculated em1ss1on
reduction requires information on the uncontrolled emission fac-
tor and the performance of the proposed control measure. With,
the except1on of unpaved roads, the current uncontrolled open
source emission factor equations listed in Table 1-1 are based on
a limited number of tests. The control efficiency data base for
these sources is even more limited, both in the small number of
control efficiency values measured and the lack of data on the:
long-term efficiency of controls. This situation leads to cor-
responding levels of uncertainty when implementing emission :
trades. :
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1.0 INTRODUCTION

Previous studies of open dust particulate emissions from integrated
iron and steel plants have provided strong evidence that open dust sources
such as vehicular traffic on unpaved and paved roads, aggregate material
hand1ing, and wind erosion should occupy a prime position in control strat-
egy development.l’2 These conclusions were based on comparability between
industry-wide uncontrolled emissions from open dust sources and typically
controlled fugitive emissions from major process sources such as steel-
making furnaces, blast furnaces, coke ovens, and sinter machines. Moreover,
preliminary cost-effectiveness analysis of promising control options for
open dust sources indicated that control of open dust sources might result
in significantly improved air quality at a lower cost in relation to control
of process sources. Cost-effectiveness is defined as dollars expended per
unit mass of particulate emissions prevented by control. These preliminary
conclusions warranted the gathering of more definitive data on control per-
formance and costs for open dust sources in the steel industry.

The cost reduction potential of open dust sources has not been missed
by the iron and steel industry. With the advent of the Bubble Policy (A1-
ternative Emissions Reduction Options) on December 11, 1979, (revision pro-
posed April 7, 1982) the industry has recognized the economics of control-
ling open dust sources as compared to implementing more costly controls on
stack and process fugitive sources of particulate emissions. However, as a
requirement of the Bubble Policy, it must be demonstrated that no net gain
in emissions occurs from an imaginary bubble surrounding the plant.

~ In order to demonstrate that there is no net gain in emissions as ai
result of a proposed controlled trading scenario, the controlled emission
rate for an open dust source must be estimated using the following equation:

= Me(1-€)/2,000

mass emission rate (tons/year)

where: R =
M = annual source extent
e = uncontrolled emission factor, i.e., pounds of uncontrolled

emissions per unit of source extent _
€ = overall control efficiency expressed as a fraction.
Values for the uncontrolled emission factor (e) can be calculated using the
predictive emission factor equations shown in Table 1-1. These predictive
equations are the outcomes of numerous prior MRI field tests.12'3:4:5 pa-
rameters which may affect particulate emission levels from open sources such



‘goeuNS paaed uo Ajonjue e 4oy 0'L sienb3 ,
'spec: molieu uo Buissed
a)iym wWiaq peos paaedun UE UG S|SAYM JO 18S BUO UhM Alie10dWwa) [9AR1) 0} PRSI0} 8IB S9IY3A 8Ul JO %02 usym §'¢ sienby ,

@I

'S81POGIAPUN BJDIYaA WO 1SNP Buises|a) pue speos paaed o} paaedun wosj Buluod sxons} 4o} 02 sjenb3 , 9

-ease abeio)s ay) ul Aep 1ad S¥oN JBWO)SNI JO SAU) pUNOl 0§ pue ssaulpll aid Buluieluiew Japeo| pus-lucd) Joj 0'L sjenb3 q
"cwo/B 62 Jo Alsusp aoiied UO paseq Jeldwep U} wrl Og UBY) J9|BWS 8iBnditied sussarday e
wbay and
ueaui |e ydw g1 spaooxa paads puim
pajonJisqoun su o abeusoled = 4
(1)) wbley doug = y
s[aaum a|olyan Jo Jaquinu sbesany = m o.m v seale pasodxe
510108 e\3d 0or'e pue| pasodxa Jo SieaA-210y JO UoIS0I3 PUIA, '8
uonejuswbne peol feuisnpuy = I A%v AWV A%v
SBUB| |aARI] SAILOR O JAGWNN = N (dwnp Jeoyes
Xopu| uoitelodeay . A@v Awlv ‘19PEBO| pU-JUCL}
-uoyendioald s,ayemyiuIoyy = 3-d . mme A S & Em 84000 1IN0 papeo| |BUSIEW JO SUC] “B'a) 1no-peo) yoleg L
(1eairai0BiSUOC)) ANIQIPOIS 80BUNG = B Aﬂv Aﬂv A-WV
{sAep) abe:01S |BLSIEW JO LOlBINg a 06 ~ mmw 5l abriojs yubnoiyy uoISOId
puNoJB ay Aﬂv AMV A.u'V Aﬂv SO0 ind |[eudjeW O SU0j pulm ad abeio)s aAlOY g
anoqe ) | e ydw Z| spesdxs .
. obelo)s ubnosyy Ol}jBl} pUB SOUBUSLUIEW
paads puim sun) jo sbejusdiad = | |mm|wv *v 5 0L°0 1nd |BLeIeW JO SUO| a1d 96BI0IS BAIOY G
Jeah 1ad shep AIp Jo Jequiny = p e
qiOI0B} ANAROY = M AJ Ewwmﬁwﬁmﬂ
{gpA) Anoedeo solaap Buidwing = A e\W 81000 u| PAPED) [ELISIEW JO SUDL UI-pEQ| SNONURUGD P
" (%) [eustew AEV AMV AWV
aoepns peos io s)ebaibbe 4 n
40 1U2UOD 3INISIOW punogun = W Amv Am v {dwnp 1eoel
_ {2 < - ‘19pEB0| pua-luol}
(yduw) punoib ee0NAS 2\N/_ g1gg Ul PBPEO] [B1IS}BW JO SUOL “6'2) ul-peo| yoleg ‘¢
8A0ge W 7 1B pasds puim ussiy = N Amv Amv Amv _
~ (anwyal) peos jo uonlod U7 Anj \s
pajaarl} U0 Buipeol 1snp aoBuNg = 7 e 000°L\ /0% N
(suoj) Wybiom aaiyon sbelaay = M ho?ﬂv A|m|v ANV Aﬂv 1600 PaleARt] S8|JW-3[DIYSA Speos paagd g

{ydw) paads a)25yan sbeisay

{°5) [eUaIBRW BOBLINS
peos 10 ayebaibbe Jo Lo IS

SICHCIGIOR

pajaARi] S8|ILU-3|IIYSA

speol paaedupn

sigjsweled uoljaa.LIo)

(1usixe 82.4n0S Jo BuN/q|)
2101084 uoIssIWIg

Juaxg Jo ainseay

Aobajen mo.._..mm

THW A9 G3INIWYILIA ATIVINIWIYIXT S¥OLIV4 NOISSIW3 1SN N340 "1-T 379vL



as moisture and silt contents of the emitting material or equipment charac-
teristics were identified and measured during the testing process. For
those sources with a sufficient number of tests, multiple linear regression
formed the basis upon which significant variables were identified and then'
used in developing the predictive equation.

The annual source extent can be estimated by plant management from
plant records and discussions with operating personnel. The variable with,
the least accurate data to support an estimate of controlled emissions is
the control efficiency. Table 1-2 presents a summary of open dust source
controls that are or have been used in the iron and steel industry. Control
efficiency values are needed for all the techniques shown in Table 1-2.

TABLE 1-2. SUMMARY OF POTENTIAL OPEN DUST SOURCE CONTROL TECHNIQUES

Source Control technique

Watering

Chemical treatment
Paving

0iling

I. Unpaved roads and parking lots. a

II. Paved roads and parking lots. Sweeping

1. Broom
a. Wet
b. Dry

2. Vacuum

Flushing

III. Material handling and storage
pile wind erosion.

Watering a
Chemical treatment
Enclosures
Water sprays
Chemical sprays

IV.  Conveyor transfer stations.
a

V. Exposed area wind erosion. Watering
Chemical treatment
Vegetation

0iling

a

oo > oW > oo > =]

For example: (1) salts, (2) lignin sulfonates, (3) petroleum resins,
(4) wetting agents, and (5) latex binders.

1.1 VARIABLES AFFECTING CONTROL EFFICIENCY

Open dust source control efficiency values can be affected by four broad
categories of variables: (a) time-related variables, (b) control application
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variables, (c) equipment characteristics, and (d) characteristics of surface
to be treated. : '

1.1.1 Time-Related Variables

Because of the finite durability of all surface-treatment control tech-
niques, ranging from hours (watering) to years (paving), it is essential to
tie an efficiency value to a frequency of application (or maintenance).
For measures of lengthy durability, the maintenance program required to sus-
tain control effectiveness should be indicated. One 1likely pitfall to be
avoided is the use of field data on a freshly applied control measure to
represent the 1ifetime of the measure.

The climate, for the most part, accelerates the decay of control per-
formance adversely through weathering. For example, freeze-thaw cycles
break up the crust formed by binding agents; precipitation washes away water-
soluble chemical treatments 1ike lignin sulfonates, and solar radiation
dries out watered surfaces. On the other hand, 1ight precipitation might
improve the efficiency of water extenders and hygroscopic chemicals like
calcium chloride, and will definitely improve efficiency of watering.

1.1.2 Control Application Variables

The control application variables affecting control performance are:
(a) application intensity; (b) application frequency; (c) dilution ratio;
and (d) application procedure. Application intensity is the volume of solu-
tion placed on the surface per unit area of surface. The higher the inten-
sity, the better the expected control efficiency. However, this relation-
ship applies only to a point, because too intense an application will begin
to run off the surface. The point where runoff occurs depends on the slope
and porosity of the surface.

1.1.3 Equipment Characteristics

The equipment characteristics that affect control efficiency values
are those involved in imparting energy to the treated surface which might
break the adhesive bonds keeping fine particulate composing the surface from
becoming airborne. For example, vehicle weight and speed can affect the
control efficiency for chemical treatment of unpaved roads. An increase in
either variable serves to accelerate the decay in efficiency. Figure 1-1
is a general plot portraying the change in rate of decay of the control ef-
ficiency for a chemical suppressant applied to an unpaved road as a func-
tion of vehicle speed, weight, and traffic volume.

1.1.4 Characteristics of Surface to be Treated

Any surface characteristics which contribute to the breaking of a sur-
face crust will affect the control efficiency. For example, for unpaved
road controls, road structure characteristics affect control efficiency.®
These characteristics are: (a) combined subgrade and base bearing strength;
(b) amount of fine material (silt and clay) on the surface of the road; and
(c) the friability of the road surface material. ~Unacceptable values for
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Figure 1-1. Effect of vehicle speed, weight, and traffic
density on control performance.




these variables mainly affect the performance of chemical controls. Low
bearing strength causes the road to flex and rut in spots with the passage
of heavy trucks; this destroys the compacted surface enhanced by the chemi-
cal treatment. A lack of fine material in the wearing surface deprives the
chemical treatment of the increased particle surface area necessary for
interparticle bonding. Finally, the larger particles of a friable wearing
surface material simply break up under the weight of the vehicles and cover
the treated road with a layer of untreated dust.

1.2 PROJECT OBJECTIVES

The overall objective of this project was to provide data that will
document quantities of particulates generated from controlled open dust
sources at steel plants and the cost-effectiveness of control procedures
for eliminating or reducing emissions. The separate tasks necessary to
achieve the above objective were: ‘

1. Conduct field tests to measure emissions from open dust
sources in order to determine the efficiency of selected
control procedures.

2. Evaluate data obtained in the test program in order to
determine the change in efficiency over time.

3. Develop design and operating information on all control
procedures evaluated, including optimum operating proce-
dures; operator and material requirements; design param-
eters; capital, operating and maintenance costs; and
energy requirements.

1.3 REPORT STRUCTURE

This report is structured as follows: (a) Section 2.0 contains the
results of a 10-plant survey to determine the extent of open dust sources
and controls in the iron and steel industry; (b) Section 3.0 contains the
methodology and results of source testing via exposure profiling; (c) Sec-
tion 4.0 contains the methodology and result of wind erosion testing via a
portable wind tunnel; (d) Section 5.0 contains the presentation of cost, de-
sign, and operating information related to control techniques; and (e) Sec-
tions 6.0 through 8.0 present references, glossary, and Engiish to metric
conversion units, respectively.

This report contains both metric and English units. In the text, most
numbers are reported in metric units with English units in parentheses.
For numbers commonly expressed in metric units in the ajr pollution field,
no English equivalent is given, i.e., particle size is in pum, density is in
g/cm®, and concentration is in pg/mé.

Numbers in this report are generally rounded to three significant fig-
ures; therefore, columns of numbers may not add to the exact total listed.

Rou;ding to three significant figures produces a rounding error of less than
0.5%. _
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2.0 SELECTION OF SOURCES, SAMPLING METHODS,
SITES AND CONTROL TECHNIQUES

In order to select the control techniques that should be tested, a sur-
vey was conducted to ascertain the most important open dust sources as de-
termined by their uncontrolled emission rates. The survey was also designed
to determine the control techniques typically applied to these sources at’
iron and steel plants. Finally, surveyed plants utilizing the most typical
control techniques for the most important sources were selected as candidate
test sites. - -

2.1 SURVEY OF OPEN DUST SOURCES AND CONTROLS

In order to calculate an open dust emissions inventory and determine’

" what control techniques were being utilized in the iron and steel industry,
a survey of 10 plants was conducted. The survey was conducted using mate-
rials handling flow charts to be completed by each plant.
The flow charts displayed several alternate handling schemes for the
following materials: :

Coal

Iron ore pellets

Unagglomerated iron ore

Limestone/dolomite

Sinter, nodules, and briquettes

Coke

Sinter input (flux, iron ore, and coke fines)
Slag

m\lmtﬂ-hwi\)l.ﬂ

The completed flow charts for a specific plant provided information
on: (a) the materials handling routes used at the plant; (b) the amount of
material passing through each handling step; (c) physical characteristics,
of the handling equipment (e.g., bucket size, drop height, etc.); and (d)
the handling steps that are controlled and the type of control utilized.

Through the assistance of the American Iron and Steel Institute (Mr. John
Barker, Chairman of the AISI Fugitive Emissions Committee, and Mr. William
Benzer), the following companies agreed to complete the materials handling
flow charts for the indicated plants:

Armco Steel, Incorporated
Middletown Works
Houston Works

Interlake, Incorporated
Chicago Plant (coke ovens and blast furnace)
Works at Riverdale (BOFs)




Bethlehem Steel Corporation
Burns Harbor
Sparrows Point

National Steel Corporation
River Rouge Plant (coke ovens and blast furnaces)
Works at Ecorse (BOFs and EAFs)

U.S. Steel Corporation
Geneva Works
Gary Works

Jones and Laughlin Steel Corporation
Aliquippa Works
Indiana Harbor Works

Appendix A presents materials handling data compiled from the charts for
the above 10 plants (Interlake's Chicago plant and the works at Riverdale
are counted as one complete facility; National's River Rouge Plant and the
works at Ecorse are treated as one facility).

2.1.1 Updated Emissions Inventory

The completed materials handling flow charts for the 10 plants provided
input data for an industry-wide emissions inventory of open dust sources.
An initial inventory was developed in Reference 2 and is updated in this
report using the most current emission factors (Table 1-1) as well as re-
vised (1978) source extent data obtained from the 10-plant survey. Details
of the inventory calculations are given in the following paragraphs.

2.1.1.1 Vehicular Traffic on Unpaved Surfaces--

Emission factors for light, medium, and heavy duty traffic on unpaved
roads were calculated using the predictive equation shown in Table 1-1.
Since the 4-plant survey report in Reference 2 contained more detailed traf-
fic data than the 10-plant survey described in Section 2.1, the values for
the correction parameters in the predictive emission factor equation as well
as the values for the source extent were calculated from the 4-plant survey.
Finally, it was assumed that there were 50 major plants in the nation, each
producing the emission rate calculated for the average plant.

The emission factor for storage pile maintenance and related traffic
was developed from the emission factors calculated in the 4-plant survey.
Separate weighted emission factors were determined for pellets and coal.
The weighted emission factors were multiplied by the 1978 nationwide ton-
nages of these materials received at iron and steel plants in order to cal-
culate the emission rate. Finally, the calculated emission rate for pellets
and coal was linearly scaled by the weight ratio of all aggregate materials
handled to the sum of coal and pellets handled. 1In this manner, the total
nationwide emission rate for pile maintenance and other traffic associated
with storage of all aggregate material was calculated,




An emission factor for vehicular traffic on unpaved parking lots was
calculated using the unpaved road equation in Table 1-1. The following as-
sumptions were made regarding correction parameters and source extent:

1. The 449,200 employees of the iron and steel industry involved with
the sale and production of iron and steel products in 1978 drive to work.

2. An average of two people travel in each car.

3. Each person works 250 days/year.

Fifty percent of cars use unpaved parking lots.

Cars travel an average of 200 ft in and 200 ft out of lots each dqy.

Cars travel at an average speed of 10 mph.

N oo o &

Silt content of unpaved parking lots aggregate = 12%.

2.1.1.2 Vehicular Traffic on Paved Roads--

The emission factor for paved roads was calculated as the average of
eight tests performed by MRI at iron and steel plants.? The emission fac-
tor was then multiplied by the average source extent (vehicle-miles trav-
eled) calculated from the 4-plant survey. Finally, the emission rate for!
paved road traffic at the average plant was multiplied by 50 in order to
extrapolate to nationwide emissions. :

2.1.1.3 Batch and Continuous Drop Operations=- 2
The following average values obtained from the 10-plant survey were
used in calculating emissions from batch and continuous drop operations:

1. Sixty-five percent of the raw aggregate received at the average
plant arrives by barge and 35% by rail. ‘

2. The 35% arriving by rail is unloaded in 100 ton batches and is ﬂ
dropped an equivalent of 5 exposed feet. 1

3. Of the 65% arriving by barge, half is batch unloaded by a 12 yd3f,
clamshell and dropped 24 ft, while half is continuously unloaded and dropped-
10 ft. :

4., The average raw and intermediate aggregate material passes through
seven transfer stations in its lifetime at the average iron and steel plant
and is dropped each time an average of 8 ft. - |

5. FEighty percent of the raw and waste material handled in iron and
steel plants is stored in open piles. '

6. Of the 80% stored in the open, 50% is loaded into the pile by
stacker, 25% by clamshell, and 5% by truck or scraper.

7. During load-in of material to an open storage pile, the average%
12 yd® clamshell drops material 30 ft; the average stacker drops material
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13 ft; and the average 35 ton capacity haul truck or scraper drops material
5 ft. '

8. O0f the 80% stored in the open, 35% is loaded out of the pile by
clamshell, 30% by bucket-wheel, 10% by front-end loader, and 5% by miscel-
laneous techniques.

9. During Toad-out of material from an open storage pile, the average
10 yd® clamshell drops material 5 ft; the average bucket-wheel drops mate-
rial 10 ft; and the average 10 yd® front-end loader drops material 5 ft.

10. The average plant with OHF or BOF shops produces most of its own
coke and sinter and sends most of it directly to the blast furnace without
open storage.

The two aggregates selected as representative of all aggregate mate-
rials were coal and iron-bearing pellets. These particular materials were
selected because: (a) they include about 50% of the total aggregate han-
died at iron and steel plants, and (b) more data are available on the silt
and moisture of these materials than other aggregate materials stored in
iron and steel plants.

Silt and moisture measurements obtained during the 4-plant survey and
during past MRI emission factor testing efforts were averaged in an attempt
to obtain representative nationwide values. For coal, the average silt and
moisture percentages were 5.0 and 4.8, respectively; and for pellets, the
average silt and moisture percentages were 4.9 and 2.1, respectively.

Based on the above assumptions and the average silt and moisture values,
1978 nationwide emission rates for coal and pellet batch and continuous drop
sources were calculated. The sum of these emission rates was then scaled
linearly by the weight ratio of total aggregate placed in open storage to
the sum of coal and pellets handled. (The amounts of each material handled
in 1978 are shown in Table 2 1.) In this fashion, the emission rates for
total aggregate batch drop and continuous drop operations were calculated.

* TABLE 2-1. AGGREGATE MATERIALS HANDLED AT IRON AND
STEEL PLANTS IN 1978

Consumption in 1978

Material Aggregate type (10® tons)
Coal Raw 67.5
Pellets Raw 86.9
Natural iron ore Raw 14.4
Flux Raw 28.7
Sinter Intermediate 35.6
Coke - Intermediate bh.6
Slag Waste 43.8

Source: 1978 Annual Statistics of the American Iron and Steel Institute.
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"2.1.1.4 Wind Erosion--

The emission factors for wind erosion from pellet and coal piles were;
calculated using the storage pile wind erosion equation in Table 1-1. The
correction parameters were obtained from both the 10-plant and the previous
4-plant surveys. '

The emission rates for coal and pellets were calculated by multiplying
the emission factors by the 1978 nationwide amounts of coal and pellets
handled at iron and steel plants. The total emission rate for wind erosion.
from all raw and waste aggregate piles was calculated by linearly scaling:
the sum of the emission rates for coal and pellets by the weight ratio of
the total raw and waste aggregate handled to the sum of the coal and pel-
lets handled. ' :

The emission factor for wind erosion of bare areas was calculated as a
weighted average of the emission factors for two of the four previous sur-
veyed plants reported in Reference 2. These two plants were most represen-
tative of the climate experienced by the majority of the industry. The plant
emission factors were weighted by source extent (acres exposed). :

The emission rate for the average plant was calculated by multiplying:
the weighted average emission factor by the arithmetic average source ex-:
tent observed at the four previously surveyed plants. Finally, the nation=
wide emission rate was obtained by multiplying the emission rate for the
average plant by 50, which is the number of major plants estimated to exist
in the country. :

2.1.1.5 Emissions Inventory Summary-- |

The updated inventory, shown in Table 2-2, yields a source ranking simi-
lar to the inventory published earlier.2 Vehicular traffic on unpaved sur-
faces accounts for 70% of the total open dust source emissions while batch
and continuous drop operations combine for less than 2% of the total.

The data base on the field performance of control measures for open?
dust sources is small. . Therefore, control measure testing should be dis-
tributed in relation to the magnitude of uncontrolled emissions. According

‘to Table 2-2, testing should focus on control measures applicable to:

Unpaved roads;
Paved roads;
. Storage pile maintenance;
. Storage pile wind erosion;
. Exposed area wind erosion;
Unpaved parking lots; and
Conveyor transfer stations.

2.1.2 Summary of Current Industry Control Practices
Analysis of the materials handling flow charts foﬁ‘the 10 surveyed inte-

grated jron and steel plants indicate that a number of control techniques
were being applied in 1978 to open dust sources at several locations. These

11
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are summarized in Table 2-3 along with control data gathered from other in-
formation sources. Table 2-3 is by no means a complete industry survey,
but is a complete summary of 10 of the approximately 50 major integrated
plants in the country. .

2.2 SELECTION OF TEST SITES

" Tables 2-2 and 2-3 formed the basis for test site selection by indi-
cating the largest open dust sources in the industry, the control techniques
in use, and some of the sites where these techniques are applied. .

It was decided to test unpaved and paved road control techniques (first
and second largest sources) at Armco's Middletown and Houston Works, since
many different techniques were available for testing at each site. Armco's
Middletown and Bethlehem's Burns Harbor Plants were selected for testing of
controls for the third largest source, wind erosion.

Testing at Armco's Middletown plant was especially desirable since it
afforded the opportunity to test before and after the implementation of an:
extensive open dust source control program proposed under the Bubble Policy.
These controls were completely implemented by August 1980.

2.3 OPEN DUST SAMPLING METHODS

Open dust emissions are especially difficult to characterize for the
following reasons:

1. Emission rates have a high degree of temporal variability.

2. Emissions are discharged from a wide variety of source configura-i

tions. :
3. Emissions are comprised of a wide range of particle size, includ-

ing coarse particles which deposit immediately adjacent to the source.

The scheme for quantification of emission factors must effectively deal
with these complications, to yield source-specific emission data needed to,
evaluate the priorities for emission control and the effectiveness of control
measures. |

Four basic techniques have been utilized in testing open dust sources:

i 1. The upwind/downwind method involves measurement of concentras
tions upwind and downwind of the source, utilizing ground-based samplers
(usually hi-vol samplers) under known meteorological conditions. Atmospheric
dispersion equations are used to back-calculate the emission rate which most
nearly produces the measured concentrations. ‘

2. MRI's exposure profiling method involves direct measurement
of the total passage of open dust source emissions immediately downwind of
the source by means of simultaneous multipoint sampling over the effective
cross-section of the open dust source emission plume. This technique uses

13
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a mass-balance calculation scheme similar to EPA Method 5 rather than re-
quiring indirect calculation through the application of a generalized atmo-
spheric dispersion model. Moreover, based on MRI field tests of several
types of open dust sources, the accuracy of measurements obtained by expo-
sure profiling is better than that achievable by the upwind/downwind method,
even with site-specific calibration of the dispersion model used in the
latter method. :

3. The tracer method involves the controlled release of a known
amount of tracer (e.g., SFg) at the source. Downwind from the source, the
tracer concentration as well as the dust concentration from the source are
measured via colocated samplers. Finally, the open dust source emission
rate is calculated using the following relationship: '

ER. _C
w T
t Gy
where: ER_ = Particulate emission rate

1

ERt Tracer emission rate

Cp Particulate concentration
Ct Tracer concentration

It

The use of tracers is complicated by two factors: (1) it is difficult to
disperse the tracer such that its initial spread matches that of the open
dust source, and (2) the tracer is normally a gas or a fine particulate
which does not have the settling characteristics of the dust from the open
source,

4. The wind tunnel method for measuring wind erosjon emission involves
the generation of a known wind speed and the measurement of the amount of
emissions blown from a given surface. A portable wind tunnel which can be
utilized to measure wind erosion emissions in situ is preferable to col-
lecting a sample of the surface in the field and conducting the experiment
in a laboratory wind tunnel. The second technique creates the problem that
the surface is never reconstructed in exactly the same fashion as it exists
in the field. For example, a surface crust which may exist in the field
will be almost completely destroyed in the collection process, making it
impossible to reconstruct in the laboratory. '

Several of the available fugitive emission factors for integrated iron
and steel plants have resulted from estimation techniques rather than mea-
surement techniques. Estimating techniques include: (a) use of fixed per-
cent of uncontrolled stack emissions; (b) application of data from similar
processes; (c) engineering calculations; and (d) visual correlation of opa-
city and mass emissions. Wide use of estimating techniques has been employed
because of the difficulty of testing and the lack of recognized standardized
methods for measuring open dust emissons.
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The most suitable and accurate technique for quantifying open dust sour-
ces (materials handling, vehicular traffic on unpaved roads, etc ) in the!
iron and steel industry has been shown to be exposure profiling.! The method
is source-specific and its increased accuracy over the upwind/downwind method
and the tracer method is a result of the fact that emission factor calcula-
tion is based on direct measurement of the variable sought, i.e., mass of
emissions per unit time.

For testing of wind erosion the portable wind tunnel method is MRI's.
preferred technique because it allows for in situ measurement of erosion’
rates under predetermined, controlled wind conditions. In contrast to this,
the upwind/downwind method is beset with difficulties for wind erosion test-
ing because the onset of natural erosion and its intensity is beyond the
control of the investigator; moreover when natural erosion is occurring, in-
terference caused by erosion of sources located upwind of the test sources
causes problems of background interference. The main drawbacks of the por-
table wind tunnel method are: (a) that wind tunnel turbulence is used to
simulate atmospher1c turbulence; and (b) that subsequent development of emis-
sion factors requires 1ndependently determined patterns of wind flow around
typical storage pile shapes. With regard to the first drawback, Gillette?
(after whose work the MRI wind tunnel was designed) pointed out that the
scale of vertical motions of the natural atmosphere and the wind tunnel are
similar near the critical interface between the wind and the erodible surface,
making the wind tunnel a useful device for the study of wind erosion. More-
over, relative to the second drawback, physical modeling studies (e.g., Soo
et al. 8) are underway to define storage pile wind flow patterns.
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3.0 SOURCE TESTING BY EXPOSURE PROFILING

This section describes the field testing program using the exposure
profiling method to determine control efficiencies for open dust sources.
The following field tests were performed at two integrated iron and steel
plants - Armco's Middletown Works (designated as Plant F) and Armco's
Houston Works (designated as Plant B):

Eleven tests of vehicular traffic on uncontrolled paved roads.
Twelve tests of vehicular traffic on controlied paved roads.

. Four tests of 1ight-duty vehicular traffic on uncontrolled un-
paved roads. ' |

. Five tests of 1light-duty vehicular traffic on controlled unpaved
roads. f

. Three tests of heavy-duty vehicular traffic on uncontrolled un-
paved roads.

K Seven tests of heavy-duty vehicular traffic on controlled unpaved
roads.

Maps of plants F and B are shown in Figures 3-1 and 3-2, respectively,
and indicate the sites of the exposure profiling tests conducted.

3.1 QUALITY ASSURANCE

The sampling and analysis procedures followed in this field testing ”
program were subject to certain quality control (QC) guidelines. These
guidelines will be discussed in conjunction with the activities to which :
they apply. These procedures met or exceeded the requirements specified in
the reports entitled "Quality Assurance Handbook for Air Pollution Measure-
ment Systems, Volume II - Ambient Air Specific Methods" (EPA 600/4-77-027a)
and "Ambient Monitoring Guidelines for Prevention of Significant Deteriora=
tion" (EPA 450/2-78-019).

|
“As part of the QC program for this study, routine audits of sampling :
and analysis procedures were performed. The purpose of the audits was to
demonstrate that measurements were made within acceptable control conditions
fgr particulate source sampling and to assess the source testing data for pre-
cision and accuracy. Examples of items audited include gravimetric analysis,
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flow rate calibration, data processing, and emission factor and control ef-
ficiency calculation. The mandatory use of specially designed reporting
forms for sampling and analysis data obtained in the field and laboratory
aided in the auditing procedure.. Further detail on specific sampling and
analysis procedures are provided in the following sections.

3.2 AIR SAMPLING TECHNIQUES AND EQUIPMENT.

The exposure profiling technique utilized in this study is based on
the isokinetic profiling concept that is used in conventional source test-
ing. The passage of airborne pollutant immediately downwind of the source
is measured directly by means of simultaneous multipoint sampling over the
effective cross section of the open dust source plume. This technique uses
a mass-balance calculation scheme similar to EPA Method 5 stack testing
rather than requiring indirect calculation through the application of a
generalized atmospheric dispersion model.

For measurement of nonbuoyant open dust source emissions, profiling
sampling heads are distributed over a vertical network positioned just down-
wind (usually about 5 m) from the source. A vertical line grid of samplers
is sufficient for measurement of emissions from Tine or moving point sources
while a two-dimensional array of samplers is required for quantification of
area source emissions.

The MRI exposure profiler, developed under EPA Contract No. 68-02-0619
as reported in Reference 4, was used -in this study. The profiler (Figure 3-3)
consists of a portable tower (4 to 6 m height) supporting an array of sampling
heads. During testing, each sampling head was operated as an isokinetic
exposure sampler directing passage of the flow stream through a settling
chamber and then upward through a standard 20.3 cm by 25.4 cm (8 in. by
10 in.) glass fiber filter positioned horizontally. Sampling intakes were
pointed into the wind, and sampling velocity of each intake was adjusted to
match the local mean wind speed, as determined by 15 min averages prior to
and during the test. Throughout each test, wind speed was monitored by re-
cording anemometers at two heights, and the vertical wind speed profile was
determined by assuming a logarithmic distribution.

High volume parallel slot cascade impactors with 34 m®/hr (20 cfm) flow
controllers were used to measure particle size distribution at two heights
along side of the exposure profiler. The impactor units were equipped with
a cyclone preseparator to remove coarse particles which otherwise would tend
to bounce off the glass fiber impaction substrates, causing fine particle
measurement bias. To further reduce particle bounce problems, each stage
of the impactor substrates was sprayed with a stopcock grease solution.
The stages then had a sticky surface which inhibited particle bounce.

Two other types of equipment were used during this study: (1) the stan-
dard high volume (hi-vol) air sampler and (2) the recently developed EPA
version of the size selective inlet (SSI) mounted on an otherwise standard
high volume. air sampler. The standard high-volume sampler measures total
suspended particulate matter (TSP) which consists of particles smaller than
approximately 30 um in aerodynamic diameter. When fitted with an $SI, the
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MRI exposure profiler.
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Figure 3-3.
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high-volume air sampler measures inhhalable particulate (IP) concentrations
consisting of particles smaller than 15 pym in aerodynamic diameter.

Three equipment deployment schemes shown in Figures 3-4 through 3-6
were employed during the course of this study. The basic downwind equip-
ment included an exposure profiling system with either four or five sam-
pling heads spaced 1 m (3.28 ft) apart and high-volume cascade impactors
fitted with cyclone preseparators at 1m (3.28 ft) and 3 m (9.84 ft)
heights. 1In addition, a standard high-volume air sampler was operated at a
height of 2 m (6.56 ft). The upwind air sampling equipment consisted of a
standard high-volume air sampler at a height of 2 m (6.56 ft) and either
one or two hi-vols fitted with SSIs, operated at 2 m (6.56 ft) or 1 m
(3.28 ft) and 3 m (9.84 ft), respectively.

3.3 PARTICULATE SAMPLE HANDLING AND ANALYSIS

3.3.1 Preparation of Sample Collection Media

Particulate samples were coliected on Type A slotted glass fiber im-
pactor substrates and on Type AE glass fiber filters. To minimize the
problem of particle bounce, all glass fiber cascade impactor substrates
were greased. The grease solution was prepared by dissolving 140 g of stop-
cock grease in 1 liter of reagent grade toluene. No grease was applied to

the borders and backs of the substrates. The substrates were handled, trans-

ported and stored in specially designed frames which protected the greased
surfaces,

Prior to the initial weighing, the greased substrates and filters were
equilibrated for 24 hr at constant temperature and humidity in a special
weighing room. During weighing, the balance was checked at frequent inter-
vals with standard weights to assure accuracy. The substrates and filters
remained in the same controlled environment for another 24 hr, after which
a second analyst reweighed them as a precision check. If a substrate or
filter could not pass audit limits, the entire lot was reweighed. Ten per-
cent of the substrates and filters taken to the field were used as blanks.
The quality assurance guidelines pertaining to preparation of sample col-
lection media are presented in Table 3-1.

3.3.2 Pre-Test Procedures/Evaluation of Sampling Conditions

Prior to equipment deployment, a number of decisions were made as to
the potential for acceptable source testing conditions. These decisions
were based on forecast information obtained from the local U.S. Weather
Service office. A specific sampling location was identified based on the
predicted wind direction. Sampling was not planned if there ‘was a high
probability of measurable precipitation.

If conditions were considered acceptable, the sampling equipment was
transported to the site, and deployment was initiated. The deployment pro-
cedure normally took 1 to 2 hr to complete. During this time, the sampling
flow rates were set for the various air sampling instruments. The quality
control guidelines governing this activity are found in Table 3-2.
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TABLE 3-1. QUALITY CONTROL PROCEDURES FOR SAMPLING MEDIA

Activity

QC Check/Requirement

Preparation

Conditioning

Weighing

Auditing of weights

Correction for handling
effects

Calibration of balance

Inspect and imprint glass fiber media with
identification numbers.

Equilibrate media for 24 hr in clean con-
trolled room with relative humidity of less
than 50% (variation of less than + 5%) and
with temperature between 20 C and 25 C
(variation of less than % 3%).

Weigh hi-vol filters and impactor substrates
to nearest 0.1 mg. '

Independently verify final weights of 10% of
hi-vol filters and impactor substrates (at
least four from each batch). Reweigh batch
if weights of any hi-vol filters or impactor
substrates deviate by more than + 2.0 mg and
+ 1.0 mg, respectively. For tare weights,
perform a 100% audit; reweigh any hi-vol
filters or impactor substrates that deviate
by more than + 1.0 mg, and + 0.5 mg, respec-
tively.

Weigh and handle at least one blank for each
1 to 10 hi-vol filters or impactor substrates
of each type for each test.

Balance to be calibrated once per year by
certified manufacturer's representative.
Check prior to each use with laboratory
Class S weights.
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TABLE 3-2. QUALITY CONTROL PROCEDURES FOR SAMPLING FLOW RATES

N I N T N B B DD A R B B SN BN T B aE .
.

Activity

QC Check/Requirement

Calibration
+ Profilers, hi-vols, and
impactors

Single-point checks

«+ Profilers, hi-vols, and

impactors

Alternative

Orifice calibration

Calibrate flows in operating ranges using
calibration orifice upon arrival and every
2 weeks thereafter at each regional site
prior to testing. -

Check 25% of units with rotameter, calibra-
tion orifice, or electronic calibrator once
at each site prior to testing (different
units each time). If any flows deviate by
more than 7%, check all other units of

same type and recalibrate noncomplying
units. (See alternative below.)

If flows cannot be checked at test site,
check all units every 2 weeks and recali-
brate units which deviate by more than 7%.

Calibrate against displaced volume test
meter annually.

_ Once the source testing equipment was set up and the filters inserted;
air sampling commenced. Information was recorded on specially designed re-
porting forms for quality assurance and included:

a. Exposure profiler - Start/stop times, wind speed profiles
and sampler flow rates (15 min average), and wind direc-
tion relative to the roadway perpendicular (15 min average).

b. Other samplers - Start/stop times and flow rates.

c¢. Traffic count by vehicle type and speed.

d. General meteorology - Wind speed, wind direction, and

temperature.

] Erom the.information in (a), adjustments could be made to insure iso-
kinetic sampling of both profiler heads (by changing the intake velocity)
and cyclone preseparators (by changing intake nozzles). Table 3-3 outlines

the pertinent QC procedures.
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TABLE 3-3. QUALITY CONTROL PROCEDURES FOR SAMPLING EQUIPMENT

.Activity QC Check/Requirements
Maintenance '
* A1l samplers Check motors, gaskets, timers, and flow

measuring devices at each regional site
prior to testing. :

Operation
- Timing ~ Start and stop all samplers during time
spans not exceeding 1 min.
Isokinetic sampling Adjust sampling intake orientation when-
(profilers only) ever mean (15 min average) wind direction
changes by more than 30°.
Adjust intake velocity whenever mean
(15 min average) wind speed approaching
sampler changes by more than 20%.
+ Prevention of static Cap sampler inlets prior to and immedi-
mode deposition ately after sampling.

Sampling time was long enough to provide sufficient particulate mass
and to average over several units of cyclic fluctuation in the emission rate
(e.g., vehicle passes on an unpaved road). Sampling lasted from 13 min to
over 5 hr depending on the source and control measure (if any). Occasionally,
- sampling was interrupted due to occurrence of unacceptable meteorological
conditions and then restarted when suitable conditions returned. Table 3-4
presents the criteria used for suspending or terminating a source test.

3.3.3 Sample Handling and Analysis

To prevent particulate losses, the exposed media were carefully trans-
ferred at the end of each run to protective containers within the MRI in-
strument van. In the field laboratory, exposed filters were placed in indi-
vidual glassine envelopes and numbered file folders. Impactor substrates
were replaced in the protective frames. Particulate that collected on the
interior surfaces of exposure probes and cyclone preseparators was rinsed
with distilled water into separate sample jars which were then capped and
taped shut.

When exposed substrates and filters (and the associated blanks) were
returned to the MRI laboratory, they were equilibrated under the same con-
ditions as the initial weighing. After reweighing, 10% were audited to
check weighing accuracy.
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TABLE 3-4. CRITERIA FOR SUSPENDING OR TERMINATING AN EXPOSURE
- PROFILING TEST

A test may be suspended or terminated if: 8
1. Rainfall ensues during equipment setup or when sampling is in progress.

2. Mean wind speed during samp]ihg moves outside the 1.8 to 8.9 m/s (4 to
20 mph) acceptable range for more than 20% of the sampling time.

3. The angle between mean wind direction and the perpendicular to the path
of the moving point source during sampling exceeds 45° for more than
two consecutive 15-min periods.

4. Daylight is insufficient for safe equipment operation.

5. Source condition deviates from predetermined criteria (e.g., occurrence
of truck spill). _ :

o]

"Mean" denotes a 15-min average.

To determine the sample weight of particulate collected on the interior
surfaces of samplers, the entire wash solution was passed through a 47 mm
Buchner type funnel holding a glass fiber filter under suction. This water
was passed through the Buchner funnel ensuring collection of all suspended
material on the 47 mm filter which was then dried in an oven at 100°C for !
24 hr. After drying, the filters were conditioned at constant temperature
and humidity for 24 hr.

A1l wash filters were weighed with a 100% audit of tared and a 10%
audit of exposed filters. Blank values were determined by washing "clean"
(unexposed) settling chambers in the field and following the above proce-
dures. :

3.3.4 Emission Factor Calculation Procedures

To calculate emission rates using the exposure profiling technique, a
conservation of mass approach was used. The passage of airborne particulate,
j.e., the quantity of emissions per unit of source activity, is obtained by
spatial integration of distributed measurements of exposure (mass/area) over
the effective cross section of the plume. Exposure is the point value of
the flux (mass/area-time) of airborne particulate integrated over the time
of measurement. The steps in the calculation procedure are described below.
Finally, the following definitions for particulate matter will be used in
this report:
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TP Total airborne particulate matter.

TSP Total suspended particulate matter, és measured by a
standard high-volume (hi-vol) sampler.

IP  Inhalable particulate matter consisting of particles
smaller than 15 pm in aerodynamic diameter.

FP  Fine particulate matter consisting of particles
smaller than 2.5 uym in aerodynamic diameter,

3.3.4.1 Particulate Concentrations--
The concentration of particulate matter measured by a sampler is given

by:

particulate concentration (pg/m?)
particulate sample weight (mg)
sampler flow rate (m3/min)
duration of sampling (min)

where:

C
m
Q
t

The specific particulate matter concentrations were determined from
the various particulate catches as follows:

Size range Particulate catches
TP Profiler filter and fntake catches or

cyclone, impactor substrate, and backup
filter catches -

TSP Hi-Vol filter catch

Ip SSI filter catch

FP Impactor substrate and backup filter
catches

To be consistent with the National Ambient Air Quality Standard for TSP,
all concentrations and flow rates were expressed in standard conditions
(25°C and 101 kPa or 77°F and 29.92 in Hg).

3.3.4.2 Isokinetic Flow Ratio--
The isokinetic flow ratio (IFR) is the ratio of a directional samp]er S
inake air speed to the mean wind speed approaching the sampler. It is given

by:
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IFR = 3

Q = sampler flow rate (m3/min)
a = intake area of sampler (m?)
U = mean wind speed at height of sampler (m/min)

where:

This ratio is of interest in the sampling of TP, since isokinetic sampling
assures that particles of all sizes are sampled without bias. In this study,
profilers and cyclone preseparators were the directional samplers used.

If it was necessary to sample at a superisokinetic flow rate (IFR > 1.0),
to obtain sufficient sample under light wind conditions, the following mul-
tiplicative factors were used to correct measured exposures and concentra-
tions to corresponding isokinetic values: :

Small particles. Large particles

(d < 5 um) (d > 50 pm)
Exposure Multiplier 1/1FR 1
Concentration Multiplier 1 IFR

A separate IFR is calculated for each profiler head based on the measuved
values of Q and U. :

These correction factors for nonisokinetic TP concentrations are based
on a theoretical relationship developed by Davies.® The relationship as
applied to exposure profiling in the ambient atmosphere is as follows: |

S iR
Ct IFR 4y + 1
where

Cn = Nonisokinetic concentration of particles of diameter d
Ct = True concentration of particles of diameter d

Y = Inertial impaction parameter = d2 c (pp - p) U/18u D
D = Diameter of probe

d = Diameter of particle

p = Density of air

M= Viscosity'of air

pp = Density of particle

¢ = Cunningham correction factor
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From Davies' equation, it is clear that, for very small d, Cn = C,, and that,
for large values of d, C_ = C./IFR., These observations lead to tﬁe simpli-
fied correction factors Breseﬁted in the above table.

A more rigorous value for the average ratio (R) of nonisokinetic to true
concentration can be found by integrating the product of the particle size
distribution and Davies' relationship over all possible particle diameters.
An isokinetically corrected concentration can then be calculated as

Ct = cn/R

Using a log-normal distribution of particle diameters, the isokinetically
corrected concentrations obtained by the R-method and by MRI's simplified
multiplicative correction factor method are within 20% of one another for
IFR values between 0.2 and 1.5. Only 8% of the IFR values reported in this
study lie outside of this range.

Using the simplified MRI approach for a particle-size distribution con-
taining a mixture of small, intermediate, and large particles, the isokinetic
correction factor is an average of the above factors weighted by the relative
proportion of large and small particles. For example, if the mass of small
particles in the distribution equals twice the mass of the large particles,
the weighted isokinetic correction for exposure would be:

(1 + 2/1FR)/3

Because the particle~size distribution and the isokinetic corrections are
interrelated, isokinetic corrections are of an iterative nature. 1In the
present study, two iterations were employed.

3.3.4.3 Downwind Particle-Size Distributions--

Particle-size distributions were determined from a cascade impactor
using the proper 50% cutoff diameters for the cyclone precollector and each
impaction stage. These data were fitted to a log-normal mass size distribu-
tion after correction for particle bounce. The distributions obtained at
two heights in the source plume were then used to determine the mass frac-
tions corresponding to various particle-size ranges as a function of height.
The IP and FP mass fractions were assumed to vary linearly with height.

The technique used in this study to correct for the effects of particle
bounce has been discussed in earlier MRI studies.’2 Simultaneous cascade
impactor measurements of airborne particle-size distribution with and with-
out a cyclone precollector indicate that the cyclone precollector is some-
what effective in reducing fine particle measurement bias. However, even
with the cyclone precollector, a monotonic decrease in collected particle
weight on each successive impaction stage is frequently followed by a sev-
eral-fold increase in weight collected on the back-up filter. But, because
the assumed value (0.2 pm) for the effective cutoff diameter of the glass
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fiber back-up filter fits the progression of cutoff diameters for the impac-
tion stages, the weight collected on the back-up filter should be consistent
with the decreasing pattern shown by the weight collected on the impactor
stages. The excess particulate on the back-up filter is postulated to con-
sist of coarse particles that penetrated the cyclone (with small probabil-

ity) and bounced through the impactor. Although particle bounce is further
reduced by greasing impaction substrates, it is not completely eliminated.

To correct the measured particle size distribution for the effects of
residual particle bounce, the following procedure was used: ‘

1. The calibrated cutoff diameter for the cyclone preseparator is
used to fix the upper end of the particle-size distribution.

2. The lower end of the particle size distribution is fixed by the
cutoff diameter of the last stage and the corrected mass fraction associated
with this stage. The corrected fraction collected on the back-up filter is
calculated as the average of the fractions measured on the two preceding
stages.

Using the above procedure, mass is effectively removed from the back-up
filter. However, because no clear procedure existed for apportioning the
excess mass back onto the impaction stages, the size distribution determined
from tests with particle bounce problems was constructed using the log-normal
assumption and two points--the mass fraction collected in the cyclone and
the corrected mass fraction collected on the back-up filter. ‘

3.3.4.4 Particulate Exposures and Profile Integration--
For directional samplers operated isokinetically, total particulate
exposures are calculated by:

-7
E=10 x Cut

total particulate exposure (mg/cm?)
net TP concentration (ug/m?)
approaching wind speed (m/s)
duration of sampling (s)

where:

S OOm

[ [ TR

. The exposure values vary over the height of the plume. If exposure ié
integrated over the height of the plume, then the quantity obtained repre-
sents the total passage of airborne particulate matter due to the source

‘per unit length of the line source. This quantity is called the integrated

exposure A and is found by:

A=f Edh
0
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integrated exposure (m-mg/cm2)

particulate exposure (mg/cm?)

vertical distance coordinate (m)

effective extent of plume above ground (m)

where:

miamiamnm

A
E
h
H

The effective height of the plume is found by Tinear extrapolation of the
‘uppermost net TP concentrations to a value of zero.

Because exposures are measured at discrete heights of the plume, a nu-
merical integration is necessary to determine A. The exposure must equal
zero at the vertical extremes of the profile, i.e., at the ground where the
wind velocity equals zero and at the effective height of the plume where
the net concentration equals zero. However, the maximum TP exposure usually
occurs helow a height of 1 m, so that there is a sharp decay in TP exposure
near the ground. To account for this sharp decay, the value of exposure at
the ground level is set equal to the value at a height of 1 m. The integra-
tion is then performed using Simpson's rule.

3.3.4.5 Total Particulate Emission Factors--

The emission factor for total airborne particulate generated by vehicular
traffic on a straight road segment expressed in grams of emissions per ve-
hicle-kilometer-traveled (VKT) is given by:

A
= 4
I

where: e = total particulate emission factor (g/VKT)
A = integrated exposure (m-mg/cm?)
N =

number of vehicle passes (dimensionless)

3.3.4.6 Fractional Particulate Emission Factors--
Particulate emission factors for other size ranges are found in a man-
ner analogous to that described above for TP. The concentrations correspond-

ing to these size ranges are determined using the particle size distributions

described earlier. A linear fit of the mass fractions measured at 1 m and
3 m is used to determine mass fractions at the other heights of the profile.
Once net concentrations are determined, exposure values and emission factors
are obtained in a manner identical to that for TP.

3.3.5 Control Efficiency Calculation Procedure

Because of meteorological conditions and logistical constraints, it
was not always possible to run both controlled and uncontrolled tests at
the same site in a plant. Furthermore, it was often necessary to determine
normalized values in order to obtain meaningful comparisons even between
tests at the same site. This was true simply because the vehicle mix on
test roads varied from day to day. Therefore, the measured emission factor
values had to be normalized in order that a change in vehicle mix was not
gistagen1y interpreted as a control efficiency for the technique being

ested.
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Thus, determination of the efficiency of a control measure required
that the measured emission factors (from both controlled and uncontrolled °
tests) be scaled using mean vehicle characteristics at the very least. It
is important to realize that other variables which affect emission factors
(such as silt content and surface 1oad1ngs) are themselves affected by the
control measures applied, while vehicle mix is not. Therefore no normaliza-
tion for silt and surface loading was necessary when controlled and uncon-
trolled tests were conducted at the same site. 3

The methods used in this study to normalize measured emission factors
are based on MRI's experimentally determined predictive emission factor equa-
tions for uncontrolled open dust sources. The equations for paved and un-
paved roads are presented in Table 1-1. As can be seen from this table,
the emission factors may be scaled by:

= 07
o= o))
Sy Li wi

for paved roads and

0-7 0-5
oom el ()

for unpaved roads where

e_= normalized value of the emission factor corresponding
to run i

e. = measured emission factor from run i

s_ = normalizing value for silt content

s. = silt content measured for run i

S_ = normalizing value for average vehicle speed
$. = average vehicle speed during run i

L. = normalizing value for surface 1odding

L. = surface loading measured for run i

W_= normalizing value for average vehicle weight
W. = average vehicle weight during run i

w_ = npormalizing value for average number of wheels per
vehicle pass

w. = average number of wheels per vehicle pass during run i
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The control efficiency in percent (C) is found as

where e, = geometric mean of normalized emission factors for
controlled roads
e = geometric mean of normalized emission factors for

uncontrolled roads

The normalization procedure varied depending on whether both uncon-
trolled and controlled tests at the same site were available. If repli-
cates of both controlled and uncontrolled tests were available at one site,
the normalization process for controlled and uncontrolled emission rates
involved only the traffic parameters (average vehicle weight, average vehi-
cle speed, average number of wheels per vehicle). If more than one con-
trolled or uncontrolled test site had to be used, uncontrolled emission
factors were normalized using the average values of both road surface and
traffic parameters from all uncontrolled tests at the plant. The con-
trolled emissions were also scaled to the mean traffic parameters for all
uncontrolled tests at the plant. Because control measures affect the road
surface characteristics, the above equations imply a emission reduction
based on the average uncontrolled surface parameters at the plant.

3.4 AGGREGATE MATERIAL SAMPLING AND ANALYSIS

Samples of the road surface and storage pile aggregate materials were
taken in the course of this study. These were analyzed for silt (those
particles passing a 200 mesh screen) and moisture contents and to determine
road surface loading values. These parameters are of importance in deter-
mining normalized emission rates as described earlier. Detailed steps for
collection and analysis of samples for silt and moisture are given in a
previous report.* An abbreviated discussion is presented below.

Paved roadway surface dust samples were removed from the travelled
portion of the road by vacumming, preceded by broom sweeping if a heavy
loading of aggregate was present. The samples were collected from the
travelled portion of the road which was determined by observing the traffic
and the road itself, noting that the portions of a roadway that were not
travelled (e.g., curbs and center strips) usually exhibited a heavy loading
of dust. The vacuum bags were equilibrated to the same constant temperature
and humidity conditions as the air sampling filters before both tare and
final weighings.

Unpaved roadway dust samples were collected by sweeping the loose layer
of soil or crushed rock from the hardpan road base with a broom and dust
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pan. Sweeping was performed so that the road base was not abraided by the
broom, and so that only the naturally occurring loose dust was collected.
The sweeping was performed slowly so that dust was not entrained into the
atmosphere.

Once the field sample was obtained, it was prepared for analysis. The
field sample was split with a riffle to a sample size amenable to laboratory
analysis. Laboratory analysis procedures to determine silt and moisture
contents were then identical for all samples regardless of or1g1n

The basic procedure for moisture analysis is determination of weight
loss on oven drying. Table 3-5 presents a step-by-step procedure for de-
termining moisture content. Exceptions to this general procedure were made
for any material composed of hydrated minerals or organic materials. Be-
cause of the danger of measuring chemically bound moisture for these mate-
rials if they are over-dried, the drying time was lowered to only 1-1/2 hr

TABLE 3-5. MOISTURE ANALYSIS PROCEDURES

Preheat the oven to approximately 110°C (230°F). Record oven temperature.

Tare the laboratory sample containers which will be placed in the oven.
- Tare the containers with the 1ids on if they have 1ids. Record the tare
weight(s). Check zero before weighing.

Record the make, capacity, smallest division, and accuracy of the sca]e.

Weigh the laboratory sample in the container(s). Record the combined
weight(s). Check zero before weighing.

Place sample in oven and dry overnight.a

Remove sample container from oven and (a) weigh immediately if uncovered,
being careful of the hot container; or (b) place tight-fitting 1id on
the container and let cool before we1gh1ng Record the combined sam-.
ple and container weight(s). Check zero before weighing.

Calculate the moisture as the initial weight of the sample and container
minus the oven-dried weight of the sample and container divided by the
initial weight of the sample alone. Record the value.

Calculate the sample weight to be used in the silt analysis as the oven-
dried weight of the sample and container minus the weight of the con-
tainer. Record the value. 1

2]

Dry materials composed of hydrated minerals or organic materials like coaﬁ
and certain soils for only 1-1/2 hr. Because of this short drying time,
material dried for only 1-1/2 hr must not be more than 2.5 ecm (1 in.)
deep in the container. |
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Coal and soil are examples of materials that were analyzed by this latter
procedure. Moisture analysis was performed in the field laboratory, normally
on the same day as sample collection. In this fashion, the measured value
was a more reliable estimate of the field conditions at the time of the test.

The basic procedure for silt analysis was mechanical, dry sieving. A
step-by-step procedure is given in_Table 3-6. The silt analysis was per-
formed upon return to the main MRI laboratories.

3.5 RESULTS FOR VEHICULAR TRAFFIC ON UNPAVED ROADS

Nineteen tests of controlled and uncontrolled emissions from vehicular
- traffic on unpaved roads were performed. Table 3-7 presents the site param-
eters of the exposure profiling tests conducted on both unpaved and paved
roads. Site parameters for paved roads will be discussed in Section 3.6.
Ten tests were of heavy-duty traffic on both controlled and uncontrolied
unpaved roads. Nine tests were of light-duty vehicular traffic on both
controlled and uncontrolled unpaved roads. These sets of tests will be
discussed separately. It should be noted that the test sites listed in
Table 3-7 can be found in Figures 3-1 and 3-2.

3.5.1 Heavy-Duty Traffic

Three uncontrolled tests of fugitive dust emissions from heavy-duty
vehicular traffic on unpaved roads were performed. Two control measures
for unpaved roads were evaluated--(1) a 17% solution of Coherex® in water
applied at an intensity of 0.86 2/m? (0.19 gal/yd?) and (2) water applied
at an intensity of 0.59 &/m2 (0.13 gal/yd%?). These control measures were
applied by plant personnel. Most of the traffic was generated by haul
trucks performing the temporary task of moving slag from one area to an-
other. Test site E was actually not a permanent road but a temporary level
path to the pile being moved. -

Table 3-8 lists, for each run, the individual point values of iso-
kinetically corrected exposure (net mass per sampling intake area) within
the open dust source plume as measured by the exposure profiling equipment.
These point values were integrated over the height of the plume to determine
emission factors.

Table 3-9 compares particulate concentrations measured by the upwind
hi-vol and by three types of downwind samplers (exposure profiling head,
- standard hi-vol, and high-volume cascade impactor) located 5 m from the
test road and near the vertical center of the plume at a height of 2 m above
ground. For the profiler concentrations, both nonisokinetic and isokinetic
values are given.

Table 3-10 summarizes the particle sizing data for the tests of heavy-
duty traffic on unpaved roads. Particle size is expressed in terms of aero-
dynamic diameter.

Table 3-11 gives the wind speed and intake velocity used to calculate
the isokinetic ratios for each run. These values in conjunction with the
previous table, were used to determine isokinetically corrected concentra-
tions and exposures according to the procedure described in Section 3.3.4.2.
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TABLE 3-6. SILT ANALYSIS PROCEDURES

1. Select the appropriate 8-in. diameter, 2-in. deep sieve sizes. Recom-
mended U.S. Standard Series sizes are: 3/8-in., No. 4, No. 20, No. 40,
No. 100, No. 140, No. 200, and a pan. Comparab]e Ty]er Series sizes
can also be utilized. The No. 20 and the No. 200 are mandatory. The
others can be varied if the recommended sieves are not available or if
buildup on one particular sieve during sieving indicates that an 1nter-
mediate sieve should be inserted. :

2. Obtain a mechanical sieving device such as a vibratory shaker or a Roto-
Tap (without the tapping function).

3. Clean the sieves with compressed air and/or a soft brush. Material
lodged in the sieve openings or adhering to the sides of the sieve
should be removed (if possible) without handling the screen rough]y

4, Attain a scale (capacity of at least 1,600 g) and record make, capac1ty,
smallest division, date of last ca11brat1on and accuracy.

5. Tare sieves and pan. Check the zero before every weighing. Record
weights.

6. After nesting the sieves in decreasing order with pan at the bottom,
' dump dried laboratory sample (probably immediately after moisture
analysis) into the top s1evea The sample should weigh between 800
and 1600 g (1.8 and 3.5 1b).“ Brush fine material adhering to the
sides of the container into the top sieve and cover the top sieve
with a special 1id normally purchased with the pan.

7. Place nested sieves into the mechanical device and sieve for 10 min.
Remove pan containing minus No. 200 and weigh. Replace pan beneath
the sieves and sieve for another 10 min. Remove pan and weigh. When
the difference between two successive pan sample weighings (where the
tare of the pan has been subtracted) is less than 3.0%, the s1ev1ng
is complete. Do not sieve longer than 40 min.

8. Weigh each sieve and its contents and record the weight. Check the zero
before every weighing. : ‘

9. Collect the laboratory sample and place the sample in a separate con-
tainer if further apalysis is expected.

10. Calculate the percent of mass less than the 200 mesh screen (75 pm).
This is the silt content.

This amount will vary for finer textured materials; 100 to 300 grams may
be sufficient when 90 percent of the sample passes a No. 8 (2.36 mm)
sieve.
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TABLE 3-8. PLUME SAMPLING DATA FOR HEAVY-DUTY TRAFEIC ON UNPAVED ROADS

Sampling Net TP
Control ‘ height Sampling rate exposure
Site measure Run (m) (m*/hr) (ctm) (mg/cm?)
C Coherex F-59 1 24 14 2.09
2 37 22 2.02
3 42 25 2.38
4 49 29 2.00
.5 52 30 0.00
C Coherex F-60 1 37 : 22 2.44
2 49 29 1.83
3 50 29 1.34
4 54 32 1.16
5 70 41 0.00
C Coherex F-63 1 14 8 2.58
2 20 12 3.09
3 24 14 2.62
4 27 16 2.31
5 31 18 1.64
C Coherex F-64 1 21 12 9.20
2 32 19 5.57
3 33 20 4,23
4 38 22 2.84
5 41 24 2.64
E Watering F-65 1 15 9 3.83
2 - 25 14 2.73
3 26 15 2.74
4 32 18 2.37
5 35 20 1.11
E Watering F-66 1 15 9 8.70
2 26 15 8.14
3 26 16 6.06
4 31 18 4.71
5 32 19 2.25
E Watering F-67 1 20 12 17.8
2 24 14 19.0
3 27 16 17.4
4 31 18 12.7
5 34 20 6.92
a4




TABLE 3-8 (concluded)
Sampling Net TP a
l Control height Sampling rate exposure
Site measure Run (m) (m*/hr) (cfm) (mg/cm?)

I E None F-68 1 24 14 12.0

2 32 19 15.3

3 34 20 14.6
I 4 37 22 12.7

5 41 24 9.6
I _ E None F-69 1 27 16 10.7

2 29 17 10.5

3 29 17 10.8

4 29 17 6.82
I 5 29 17 4.44

E None F-70 1 34 20 8.60

l 2 38 23 7.52

3 42 25 6.00

4 43 25 5.76
I 5 23 14 3.63
I 3 Isokinetically corrected.
i -
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Table 3-12 presents the isokinetic emission,factors for total, inhal-
able and fine particulate. Also indicated in.this table are vehicle and -
site parameters which have been found to have a significant effect on the
emission rates from uncontrolled unpaved roads.

In order to determine control efficiencies, it was necessary to deter~
mine normalized TP, IP, and FP emission factors, as discussed in Section 3.3.5.
The range, geometric mean and geometric standard deviation of the normalized
emission factors are given in Table 3~13. Following the procedure described
}n Section 3.3.5, control efficiencies were found and are presented in
able 3-14,

Watering of unpaved roads showed a noticeable decay in control effi-
ciency. In Figure 3-7, control efficiency is plotted as a function of time
after app11cat1on As seen in this figure, watering has a high initial con-
trol efficiency in all size ranges, but the effects are short-lived.

The result of the four tests of Coherex® are incorporated into one aver-
age control efficiency in this table. This is because no trend of eff1c1ency
decay was noticed during these tests. Quite possibly, this is due to the
fact that precipitation (over 0.1 in.) fell between the first and second -
test days. Nevertheless, tests F-63 and F-64 indicated evidence of contro]
efficiency decay as shown below:

' Control efficiency (%)
Run TP P FP

F-63 96.9 96.4% 96.9
F-64 _ 93.1 92.6 92.9

Thus, there is reason to believe that a decay in control efficiency wou]di
also have been observed under more favorable meteorological conditions.

3.5.2 Light-Duty Traffic

Five tests of fugitive emissions from captive, light-duty traffic on
controlled unpaved roads were performed. The control measure was a 17% solu-
tion of Coherex® in water applied at an intensity 0.86 2/m? (0.19 gal/ yd2).
Four uncontrolled tests were performed at the same site in order to deter-|
mine the efficiency of the control. The captive vehicles traveling on the
road were a passenger van and a pick-up truck driven by MRI personnel. |

Table 3-15 1ists, for each run, the individual point values of isoki~
netically corrected exposure (net mass per sampling intake area) within the
fugitive dust plume as measured by the exposure profiling equipment. These
po1nt values were integrated over the height of the plume to determine em1s-
sion factors.
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TABLE 3~15. PLUME SAMPLING DATA FOR LIGHT-DUTY TRAFFIC ON UNPAVED ROADS
SampTing Net TF_a
Control height Sampling rate exposure
Site measure Run (m) (m3/hr) ~(cfm) (mg/cm?)
B None F-28 1 12 7 3.52
2 12 7 3.58
3 15 9 1.66
4 15 9 0.770
B None F-29 1 14 8 5.20
' 2 19 11 4.74
3 24 14 3.56
4 25 14 2.67
B None F-30 1 12 7 4.20
2 12 7 3.77
3 17 10 2.76
4 17 10 1.29
B None F-31 1 12 -7 3.01
2 12 7 3.13
3 17 10 1.81
4 17 10 0.92
B - Coherex F-40 1 22 13 0.205
2 23 14 0.166
3 24 14 0.0595
4 25 14 0.0658
5 25 15 0.0263
B Coherex F-41 1 16 10 1.73
2 23 14 0.929
3 25 15 0.480
4 28 16 0.310
5 30 18 0.222
B Coherex F-42 1 17 10 3.69
: 2 27 16 2.06
3 31 18 1.10
4 36 21 0.632
5 40 24 0.507
B Coherex F-43 1 29 17 4.63
2 39 23 2.22
3 45 27 0.71
4 54 32 0.11
5 60 35 0.00
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TABLE 3-15. (Concluded)

Samp1ing Net 1P

Control height Sampling rate exposure
Site measure Run (m) im37Er5 (ctm) (mg/cm?)

B Coherex F-44 1 25 15 3.24
2 38 22 - 0.83
3 44 26 0.84
4 50 29 0.17
5 53 31 0.00

“Tsokinetically corrected.
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Table 3-16 compares particulate concentrations measured by the upwind
hi-vol and by three types of downwind samplers (exposure profiling head,
standard hi-vol, and high-volume cascade impactor) located 5 m from the
test road and near the vertical center of the plume at a height of 2 m
above ground. For the profiler concentrations, both nonisokinetic and iso--
kinetic values are given.

Table 3-17 summarizes the bartic]e sizing data for the tests of light-
duty traffic on unpaved roads. Particle size is expressed in terms of aero-
dynamic diameter. .

Table 3-18 gives the wind speed and intake velocity used to calculate
the isokinetic ratios for each run. These values, in conjunction with the
previous table, were used to determine isokinetically corrected concentra-
tions and exposures.

Table 3-19 presents the isokinetic emission factors for total particu-
late, inhalable particulate, and fine particulate. Also indicated in this
table are vehicle and site parameters which have been found to have a sig-
nificant effect on the emission rates from uncontrolled unpaved roads.

In order to determine control efficiencies, it was necessary to deter-
mine normalized TP, IP, and FP emission factors, as discussed earlier. The
range, geometric mean and geometric standard deviation of the normalized
emission factors are given in Table 3-20. Following the procedure described
earlier in this section, the control efficiency of Coherex® on light-duty
unpaved roads as a function of time was found and is presented in Table 3-21.

In contrast to the results for heavy-duty traffic on unpaved roads,
these tests show evidence of control efficiency decay for Coherex®, as shown
in Figure 3-8. The TP, IP and FP control efficiencies all tended toward
90% during the short time over which results were available. Finally, Fig-
ure 3-9 plots the control efficiency of Coherex® as a funct1on of vehicle
passes after app11cat1on

3.6 RESULTS FOR VEHICULAR TRAFFIC ON PAVED ROADS

As shown in Table 3-7, 23 tests of open dust emissions from vehicular
traffic on paved roads in integrated iron and steel plants were performed.
O0f these, 12 were tests of controlled roads. The control measures tested
were: (a) vacuum sweeping, (b) water flushing, and (c) flushing with broom
sweeping. All tests (except those of vacuum sweeping) began immediately
after the application of the control and lasted between 1 and 5-1/2 hr.
The remaining 11 tests were of uncontrolled paved roads in order to deter-
mine the efficiency of each control.

3.6.1 Emission Factors

Table 3-22 lists the individual point values of isokinetically corrected
exposure (net mass per sampling intake area) within the dust plume as measured
by the exposure profiling equipment.
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TABLE 3-22. PLUME SAMPLING DATA FOR PAVED ROADS
l : Sampling Net TP .
Control height Sampling rate exposure
I Site measure Run (m) im37Er5 (ctm) (mg/cm?)
l A None F-34 1 12 7 1.24
2 12 7 0.82
3 17 ' 10 0.66
l : 4 17 10 0.42
A None F-35 1 21 12 3.18
2 28 17 2.02
l 3 37 22 1.12
4 36 21 0.00
I A Vac. sweep. F-36 1 21 13 0.406
E 2 26 15 0.420
3 31 18 0.254
4 33 19 0.116
| 5 35 21 0.192
A Vac. sweep. F-37 1 15 9 1.04
l 2 21 12 0.592
3 25 15 0.435
4 28 17 0. 340
l 5 30 18 0.303
A Vac. sweep. F-38 1 : 15 9 0.748
2 24 14 0.562
l : 3 27 16 0.330
4 3l 18 0.351
5 34 20 0.267
I A Vac. sweep. F-39 1 23 14 1.14
2 30 18 0.985
I 3 33 20 0.844
4 38 22 0.738
5 38 22 0.825
l D None F-61 1 31 18 2.95
2 42 24 2.60
3 45 27 1.97
l 4 54 32 1.66
| 5 56 33 0.987
l D None F-62 1 35 20 2.66
_ 2 45 27 2.58
3 51 30 2.07
4 60 35 1.29
i 5 62 36 0.00
l 65



TABLE 3-22 (continued) l
Sampling _ Net TP
. Control height Sampling rate expos;ur-eal
Site measure Run (m) (m3/hr) (ctm) (mg/cm?) '
D Water Flush. F-74 1 36 21 1.65 i
2 40 24 1.55
3 44 26 0.799
4 47 - 28 1.00 l
5 50 29 1.13
F None F-27 1 20 12 1.14
2 30 18 0.94 ‘ l
3 40 24 0.66
4 41 24 .0.00
F None F-45 1 15 9 3.44 l
2 - 20 12 2.50
3 23 14 2.01 I
4 25 15 - 1.41
5 28 16 1.45
J None F-32 1 15 9 0.683 l
2 24 14 0.523
3 28 16 0.385
4 29 17 0.346 I
K Flushing and B-52 1 15 9 0.404
~ broom sweeping 2 24 14 - 0.221 I
3 26 15 0.248
4 19 _ 11 0.144
5 35 21 0.187 I
L Flushing and B-50 1 16 .9 0.820
broom sweeping 2 26 15 0.922
3 29 17 0.695 I
4 22 13 0.623 _
5 35 c21 0.00 .
L Flushing and B-51 1 15 S 1.60 ' I
broom sweeping 2 25 15 1.46
3 28 17 1.10
4 21 13 0.477 1
5 35 20 0.606
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TABLE 3-22 (continued)
I Samp1ing : Net TP a
Control height Sampling rate exposure
I Site measure Run (m) (m37hr) (cfm) (mg/cm?)
I L Flushing B-54 1 15 9 1.21
2 24 14 0.682
3 26 15 0.592
4 . 19 11 0.145
I 5 35 ¢ 21 0.183
L Flushing B-55 1 17 10 1.28
I 2 26 15 1.00
3 29 17 0.601
4 21 12 0.514
l 5 39 23 0.257
L Flushing B-56 1 18 10 0.549
2 27 16 0.420
l 3 30 18 0.282
4 22 13 0.186
5 35 21 0.179
l L None B-58 1 15 9 2.00
2 24 14 0.569
. 3 27 16 0.805
4 21 12 0.431
5 36 21 0.300
I M Flushing and  B-53 1 15 9 0.661
broom sweeping 2 24 14 0.462
3 27 16 0.240
I 4 20 12 0.0547
5 35 20 0.00
M None B-57 1 15 9 1.18
I 2 24 14 1.39
3 26 15 1.09
4 19 11 0.605
l 5 32 19 0.439
M None B-59 1 15 9 1.93
I 2 24 14 0.597
3 26 15 0.887
4 23 14 0.433
I 5 40 24 0.379
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TABLE 3-22 (concluded) ’
Sampling \ Net Wa l

) Control height Sampling rate exposure
Site measure Run (m) (m3/hr) (ctm) (mg/cm?) '
M None B-60 1 20 12 1.34 l

2 26 15 1.51

3 26 15 0.803

4 19 11 0.603
5 30 18 0.430 I
a Isokinetically corrected. I
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Table 3-23 compares particulate concentrations measured by the upwind
hi-vol and by three types of downwind samplers (exposure profiling head,
standard hi-vol, and high-volume cascade impactor) located 5 m from the
test road and near the vertical center of the plume at a height of 2 m
above ground. For the profiler concentrations, both nonisokinetic and 1so-
kinetic values are given. '

Table 3-24 summarizes the particle sizing data for the tests of vehicu-
lar traffic on paved roads. Particle size is expressed in terms of aerody-
namic diameter, - ‘

Table 3-25 gives the wind speed and intake velocity used to calculate
the isokinetic ratios for each run. These values, in conjunction with the .
previous table, were used to determine isokinetically corrected concentra-
tions and exposures according to the procedure described earlier.

Table 3-26 presents vehicle and road surface parameters which have been
found to have a significant effect on the emission factors from uncontrolled
paved roads. Table 3-27 lists the isokinetic emission factors for total
particulate, inhalable particulate, and fine particulate.

3.6.2 Control Efficiencies

In order to determine control efficiencies, it was necessary to deter-
mine normalized TP, IP, and FP emission factors, as discussed earlier. The
range, geometric mean and geometric standard deviation of the normalized
emission factors are given in Table 3-28. Following the procedure described

earlier in this section, efficiencies of the different control measures were
" found and are presented in Table 3-29. Note that two tests were omitted in

the determination of control efficiencies. Run F-74 was the only test of"
water flushing at Plant F; because no replicates were available, -these re-
sults were not incorporated in an efficiency of control. Furthermore, be-
cause only one test (F-32) was performed at site J and no reliable silt -
content was available for this site, F-32 was omitted.

The results for vacuum sweeping of paved roads suggest that, initially,
the control efficiency decreases with decreasing particle size. The effi-
ciency in all size ranges decays with time. 1In some cases, negligible IP
and FP control efficiencies were found. : %

The other two control measures, water flushing and flushing and broom
sweeping, appear to be equally effective in all size ranges considered.
Flushing and broom sweeping is more effective than flushing alone, although
the additional benefit is less pronounced for fine particulate emissions..
This is believed to be a valid statement despite the differences in time
after rainfall because both controls involve wetting the surface.

3.7 COMPARISON OF PREDICTED AND ACTUAL UNCONTROLLED EMISSIONS
During the course of this field testing program, 18 tests of vehicular

traffic on uncontrolled roads were performed. Eleven of these tesis were
conducted on paved roads and the remainder on unpaved roads.
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In addition to providing baseline emission data for control efficiency
determ1nat1on, these tests expanded the data bases used in forming the MRI
predictive emission factor equations in Table 1-1.2

Although the purpose of this study was the measurement of control effi-
ciency, the uncontrolled tests were included in the data base to determine
how well the MRI equations pred1ct measured emission levels. This is of
particular interest because MRI is currently in the process of refining the
predictive equations by including recent test results from a variety of roads
(1ndustr1a1 paved and unpaved, urban paved, and rural unpaved). This work
is supported under EPA Contract No. 68-02-3158.

The results of the comparison of predicted and measured emissions are
presented in Tables 3-30 and 3-31 for unpaved and paved roads, respectively.
The first entries in each table comprise the data base in Reference 2, while
the tests performed in this study begin with F-28 and F-27, respectively. :
It should be noted that F-32 is excluded from the data base for paved roads
for the same reasons given in Section 3.6.2, namely, the lack of replicates
and unreliable silt content and surface loading values. :

The predictive accuracy of an emission factor equation relative to a
particular set of emission factor measurements may be assessed by computing
the precision factor. The precision factor is defined such that the 68%
confidence interval for a predicted value (P) extends from P/f to Pf. The
precision factor is determined by exponentiating the standard deviation of
the differences (standard error) of the estimate) between the natural Tlog-
arithms of the predicted and actual emission factors. The precision factor.
may be interpreted as a measure of the "average" error in predicting emis-
sions from the regression equation. The effective outer bounds of predict-
ability are determined by exponentiating twice the standard error of the
estimate, yielding the 95% confidence interval.

The precision factors (one standard deviation) associated with the
predictive equations are shown in the following table:

Precision Factor as a
Function of Data Base
Reference 2

Reference 2 and Present Study
Unpaved Roads 1.22 1.45
Paved Roads 1.48 2.14

The fact that the precision factors increase when predicting measurements in
the larger data base illustrates the need for possible refinement of MRI's
predictive equations. As mentioned earlier, this process is underway.
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4.0 WIND EROSION TESTING BY PORTABLE WIND TUNNEL

This section describes the field testing program using the MRI portable
wind tunnel to determine the efficiency of control measures applied to stor-
age piles. The following tests were performed at two integrated iron and |
steel plants ~ Armco's Middletown Works (designated as Plant F) and Bethlehem
Steel's Burns Harbor Plant (designated as Plant H): ‘

. Fourteen tests of wind erosion from uncontrolled coal storage
piles.

Twelve tests of wind erosion from controlled coal storage piles.
Two tests of wind erosion from an active exposed area.
One test of wind erosion from an inactive exposed area.

4.1 QUALITY ASSURANCE

The sampling and analysis procedures followed in this field testing
program were subject to certain quality control guidelines. These guide- .
Tines will be discussed in conjunction with the activities to which they .
apply. 0These procedures met or exceeded the requirements specified in Sec-
tion 3.0. ‘

As part of the QC program for this study, routine audits of sampling
and analysis procedures were performed. The purpose of the audits was to
demonstrate that measurements were made within acceptable control conditions
for particulate source sampling and to assess the source testing data for
precision and accuracy. Examples of items audited include gravimetric
analysis, flow rate calibration, data processing, and emission factor and|
control efficiency calculation. The mandatory use of specially designed
reporting forms for sampling and analysis data obtained in the field and
laboratory aided in the auditing procedure. Further detail on specific -
sampling and analysis procedures are provided in the following sections.

4.2 AIR SAMPLING TECHNIQUE AND EQUIPMENT

The portable wind tunnel method allows in situ measurement of emissions
from wind erosion of storage piles and exposed areas. The MRI portable pull-
through wind tunnel (Figure 4-1) consists of an inlet contraction, a working
section, a sampling section, and a power system. The open-floored working

‘section of the tunnel was placed directly on the surface to be tested, and

the tunnel air flow was adjusted to values corresponding to the means of |

~ the upper NOAA wind speed ranges. Tunnel wind speed was measured by a pitot
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tube at the downstream end of the working section and was related to wind
speed at the standard 10-m (30.5 ft) height by means of a logarithmic
profile.

To minimize the dust levels in the tunnel air intake stream, testing
was conducted only when ambient winds were below the threshold velocity for.
erosion of the exposed material. A portable high volume sampler with an
open-faced filter was operated on top of the inlet contraction to measure .
background dust Tlevels.

An emissions sampling section was used with the pull-through wind tun-
nel in measuring particulate emissions generated by wind erosion. As shown:
in Figure 4-1, the sampling section was located between the working section
outlet hose and the blower inlet. The sampling train, which was operated
at 425 to 708 £/min (15 to 25 ft3/min) consisted of a tapered probe, cyclone
precollector, parallel siot cascade impactor, backup filter, and high volume
sampler. Interchangeable probe tips were sized for isokinetic sampling over
the desired tunnel wind speed range.

Test sites at the two plants were formed by plant personnel. At plant
F, a small level area for uncontrolled testing (as shown in Figure 4-2) was
formed from the steam coal storage pile with a bulldozer. Controlled tests
were conducted directly on the treated pile.

At plant H, test sites were prepared by having a front-end loader form
two piles approximately 12 m X 15 m X 0.15 m (40 ft x 50 ft x 6 in.) in an
area of the coal yard which is not heavily traveled. These test beds are|
shown in Figure 4-3.

The use of a front-end loader at plant H resulted in a compacted sur-
face which is not representative of piles in the plant. For this reason,
some test sites were also prepared by turning the surface with a shovel.
Con%rol]ed and uncontrolled tests were run on both compacted and turned .
surfaces. ‘

In order to adequately define the extent of the control measure at
plant H, provision was made to measure application intensity. The latex
binder (Dow Chemical M-167) regularly used at the plant was applied to the
west test bed, and provisions were made to measure the application intensity.
Six tared sampling pans were placed in the test bed prior to spraying and
were then reweighed. Special attention was paid to the problems of the
binder running off the coal into the pans and of the spray bouncing off the
bottom of the pan. In order to reduce these potential errors, the lip of
the pan was placed just above the coal surface and an absorbent material;
was used to line the bottom. A cross-sectional view of the sampling pan is
shown in Figure 4-4.

4.3 PARTICULATE SAMPLE HANDLING AND ANALYSIS

4.3.1 Preparation of Sample Collection Media

Particulate samples were collected on type A slotted glass fiber impac-
tor substrates and on type AE glass fiber filters. To minimize the problem
of particle bounce, the glass fiber cascade impactor substrates were greased.
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The grease solution was prepared by dissolving 140 g of stopcock grease in |
1 liter of reagent grade toluene. No grease was applied to the borders and
backs of the substrates. The substrates were handled, transported and stored
in specially designed frames which protected the greased surfaces.

Prior to the initial weighing, the greased impactor substrates and hi-
vol filters were equilibrated for 24 hr at constant temperature and humidity
in a special weighing room. During weighing, the balance was checked at fre-
quent intervals with standard weights to assure accuracy. The substrates
and filters remained in the same controlled environment for another 24 hr,
after which a second analyst reweighed them as a weighing accuracy check.

If substrates or filters could not pass audit limits, the entire batch was
reweighed. Ten percent of the substrates and filters taken to the field
were used as blanks. The quality assurance guidelines are the same as those
presented in Table 3-1. :

4.3.2 Pre-Test Procedures/Evaluation of Sampling Conditions

Prior to equipment deployment, a number of decisions were made concern-
ing the potential for acceptable testing conditions. To reduce dust levels
in the tunnel air intake stream, testing would be conducted only if the am-
bient winds were well below the erosion threshold velocity of the surface
being tested. Testing was not performed on days of or after considerable
rainfall unless provisions were made to protect the test surface from the

weather. 3
If conditions were deemed acceptable, equipment dep]oymént began. Dur-

ing this 2~hr period, both high volume air samplers were calibrated using
the quality control guidelines of Table 4-1.

TABLE 4-1. QUALITY CONTROL PROCEDURES FOR SAMPLING FLOW RATES

Activity QC Check/Requirement
Calibration
. Impactors and background Calibrate flows in operating ranges
hi-vo1 ‘using calibration orifice each day

prior to testing.

Orifice calibration Calibrate against displaced volume
test meter annually.

Once the source testing equipment was in place, a threshold ve]ocity%
test was performed. The purposes of this preliminary test were to determine
the minimum velocity at which wind erosion is initiated and to gather other
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data needed for sampling and analysis. The threshold velocity for a partic-
ular surface was determined by observing the onset of surface particle move-
ment as the wind velocity was gradually increased. A subthreshold velocity
profile was then measured using the pitot tube in the working section. This
subthreshold velocity profile allows the calculation of the surface rough-
ness height,

After these data were obtained, tunnel air speeds were determined cor-
responding to the means of the first three upper NOAA wind speed ranges above
the threshold velocity of the uncontrolled test surface. A sampling train
flow rate and probe tip were selected to insure isokinetic sampling. A test
series consisted of runs at these three wind speeds (in ascending order) at
the same site.

4.3.3 Sample Handling and Analysis

To prevent particulate losses, the exposed media were carefully trans-
ferred at the end of each run to protective containers within the MRI instru-
ment van. In the field laboratory, exposed filters were placed in individual
glassine envelopes and numbered file folders. Substrates were replaced in
the protective frames. Particulate that collected on the interior surface
of the cyclone preseparator was rinsed with distilled water into sample jars
which were then capped and taped shut.

When exposed impactor substrates and hi-vol filters (and the associated
blanks) were returned to the MRI laboratory, they were equilibrated under
the same conditions as the initial weighing. After reweighing, 10% were
audited to check weighing accuracy. To determine the sample weight of par-
ticulate collected on the interior surface of a sampler, the entire wash
solution was passed through a 47 mm Buchner type funnel holding a glass
fiber filter under suction. The sample jar was then rinsed twice with 10
to 20 ml of deionized water. This water was passed through the Buchner fun-~
nel ensuring collection of all suspended material on the 47 mm filter which
was then dried in an oven at 100°C for 24 hr. After drying, the filters
were conditioned at constant temperature and humidity for 24 hr. :

A1l wash filters were weighed with a 100% audit of tared and a 10% audit
of exposed filters. Blank values were determined by washing "clean" (unex-
posed) settling chambers in the field and following the above procedures.
The quality assurances guidelines governing sample handling and analysis
are the same as those presented in Table 3-1.

4.3.4 Emission Rate Calculation Procedures

To calculate emission rates from wind tunnel data, a conservation of
mass approach is used. The quantity of airborne particulate generated by
wind erosion of the test surface equals the quantity leaving the tunnel
minus the quantity (background) entering the tunnel. The steps in the cal-
culation procedure are described below.
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4.3.4.1 Particulate Concentrations-- )

The definitions of particulate matter (TP, TSP, IP, FP) are the same
as those given earlier for exposure profiling. Particulate concentrations
are determined in a manner jdentical (and at the same standard conditions)
to that presented earlier.

4.3.4.2 Flow Rate in Wind Tunnel-- ‘
During testing, the wind speed profile along the vertical bisector of
the tunnel working section is measured with a standard pitot tube and in-
clined manometer. The velocity profile near the test surface (tunnel floor)
and the walls of the tunnel is found to follow a logarithmic distribution:

Z

_ uX
u(z) = 03 In T
0

where: u = wind speed at z (cm/s)
2 = distance from test surface (or wall) (cm)
u* = friction velocity (cm/sec)
Z, = roughness height (cm).

The roughness height of the test surface is determined by extrapolation
of the velocity profile near the surface to u = 0. The roughness height for
the plexiglass walls and ceiling of the tunnel has been measured as 6 X 10-%
cm. These velocity profiles are integrated over the cross-sectional area of
the tunnel to yield the volumetric flow rate through the tunnel for a partic-
ular set of test conditions. ' §
4.3.4.3 Isokinetic Flow Ratio-- |

A pitot tube and inclined manometer are also used to measure the cen-:
terline wind speed in the sampling duct at the point where the sampling
probe is installed. Because the ratio of the centerline wind speed in the:
sampling duct to the centerline wind speed in the working section is indepen-
dent of flow rate, it can be used to determine isokinetic sampling condi- |
tions for any flow rate in the tunnel.

The isokinetic flow ratio is the ratio of the sampler intake air speed
to the wind speed approaching the sampler. It is given by:

~

IFR = —>
aUs

where: sampler flow rate (m3/s)
intake area of sampler (m2)

Q
a’
] wind speed approaching the sampler (m/s).

-7

IFR is of.interest in the sampling of TP, since isoKinetic sampling assures
that particles of all sizes are sampled without bias. Because probe tips of
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various intake areas were available for the cyclone preseparator, all tests
run were within * 5% of isokinetic conditions.

4.3.4.4 Particle Size Distributions--

Particle size distributions were determined from a cascade impactor
using the proper 50% cutoff diameters for the cyclone precollector and each
impaction stage. These data were fitted to a Tog-normal mass size distribu-
tion after correction for particle bounce using the technique discussed in
Section 3.3.4.3. During controlled wind tunnel tests on coal surfaces, the
background concentration was a significant percentage of the measured down-
wind concentration, especially when testing on the same surface for a second
or third time. Therefore, microscopic analyses of the upwind filters were
performed, because the size distribution of the background particulate was
important. If it had been foreseen that the upwind loading was going to be
such a Targe portion of the downwind Toading, an impactor would have been
placed in the upwind hi-vol to directly measure the particle size distribu-
tion by mass. _

4.3.4.5 Particulate Emission Rates--
The emission rate for airborne particulate of a given particle size
range generated by wind erosion of the test surface is given by:

E = Cth
A
where: E = particulate emission rate (g/m2-sec)
Cn = net particulate concentration (g/m3)
Q. = tunnel flow rate (m3/sec)

A = exposed test area = 0.918 m2

4.3.4.6 Erosion Potential--

If the emission rate is found to decay significantly (by more than 20%)
during back-to-back tests of a given surface at the same wind speed, due to
the presence of nonerodible elements on the surface, then an additional cal-
culation step must be performed to determine the erosion potential of the
test surface. The erosion potential is the total quantity of erodible par-
ticles, in any specified particle size range, present on the surface (per
unit area) prior to the onset of erosion. Because wind erosion is an ava-
lanching process, it is reasonable to assume that the loss rate from the
surface is proportional to the amount of erodible material remaining. The
amount remaining is assumed to be of the form:
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£
=
]
q
®
=
r.-
"

=
n

k =
t =

quantity of erodible material present on the surface at any
time (g/m2) - : |

erosion potential, i.e., quantity of erodible material pres-

" ent on the surface before the onset of erosion (g/m?)

constant (s 1)

cumulative erosion time (s).

Consistent with the above equation, the erosion potential may be calcu-

lated from the
times:

where: Ly
Lz

4.3.5 Control

measured loss rates from the test surface for two erosion

E,t, = measured loss rate during time period 0 to Ty (g/m?)
Ly + Ea(ta = t1) = measured loss rate during time period 0
to ty (g/m?)

Efficiency Calculation Procedure

The control efficiency in percent (C) for these wind erosion studiesf

was found by:

where: no,u

0,C

M
C= 1-M—°—f£ x 100%
o,u

= erosion potential of the uncontrolled surface
= erosion potential of the controlled surface

It should be noted that an erosion potential can be obtained only if
back-to-back tests at the same wind speed are available and if the emission
rate of the second test is lower than that of the first. Should an erosion
potential not be available, C was determined as:

where: E

m
|3 I =

EC
C= 1"'E—X100%
u

emission rate of the uncontrolled surface
emission rate of the controlled surface
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These emission rates must be based on the same wind speed and on the
same duration of erosion. In order to determine emission rates from several
tests at the same site, it was assumed that any mass eroded on a test at
wind speed U;, and of duration Ty would also have been eroded at a subse-
quent test if U, > U; and T, > Ty. This approach will be discussed in
greater detail in Section 4.5. 3. _ ' _

4.4 AGGREGATE MATERIAL SAMPLING AND ANALYSIS

Samples of the test surface were collected, where possible, before and
after each test. When several tests were performed back-to-back, samples
could only be obtained before and after the series. These samples were
analyzed for silt and moisture content.

Storage pile samples were removed from a known area using a dust pan and
whisk broom. The depth of the sample was based on the largest piece of raw
material in the surface. The silt and moisture analysis procedures were
identical to those presented in Tables 3-5 and 3-6.

4.5 RESULTS FOR WIND EROSION OF COAL PILES

As mentioned earlier in this section, 26 tests of fugitive dust emis-
sions generated by wind erosion of coal piles were performed. In addition
Lo these tests, three tests of wind erosion of exposed areas in integrated
iron and steel plants were conducted. These tests were preliminary checks
of the sampling equipment's performance.

4.5.1 Emission Rates

Before presenting the results of the 29 wind erosion tests, the charac-
teristics of the test control techniques will be discussed. Two controls
were tested--(1) a 16.7% solution of Coherex® in water applied at an inten-
sity of 3.4 ¢/m2 (0.74 gal/yd?) at plant F and (2) a 2.8% solution of Dow
Chemical M-167 Latex Binder in water applied at an average intensity of 6.8
2/m? (1.5 gal/yd2?) at plant H. These control measures were applied by either
plant personnel or a contractor retained by the plant. The Coherex® at plant
0 was applied once in August 1980 and every 4 to 6 weeks thereafter while the
latex binder at plant H was applied approximately every week.

The site and sampling parameters for the runs are shown in Tables 4-2
and 4-3, respectively. The tunnel centerline wind speeds for the uncon-
trolled tests were selected to correspond to the means of the first three
upper NOAA wind speed ranges above the threshold velocity. Threshold veloc~
ities for each run are presented in Table 4-4.

In anticipation of a high control efficiency associated with the latex
binder, filters were not changed after some tests at plant H in order to pro-
duce an acceptable mass on each substrate of the cascade impactor. The sec-
ond (and sometimes the third) test was then run with the same filters as the
first, but at a. higher tunnel velocity. The second test was then denoted by
adding a Tetter suffix to the prior test number.
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TABLE 4-4. THRESHOLD VELOCITIES FdR WIND EROSION

Threshold velocity

Tunnel Equivalent at
Control centerline - 10 m height
Run  ‘Material Condition measure Site mw/s mph m/s mp
F-46  Exp. area Inactigea None H-1 13.0 29.2 21.8 48.8
F-47 Exp. area Activeb None H-2 8.85 19.8 15.3 34.3
F-48 Exp. area Active None H-2 8.85 19.8 15.3 34.3
F-49 Coal Active None I-1 8.14 18.2 16.4 36.7
F-50 Coal Active None I-1 8.14 18.2 16.4 36.7
F-51 Coal Active None I-1 8.14 18.2 16.4 36.7
F-52 Coal Active None I-1 8.14 18.2 16.4 36.7
F-53 Coal Active None I-1 8.14 18.2 16.4 36.7
F-54  Coal Active® None I-2 5.94 13.3 10.4  23.4
F-55  Coal Active® None I-2 5.94 13.3 10.4  23.4
F-56  Coal Undisturbed Coherex@ I-3 12.0 26.9 18.1 40.6
F-57  Coal Undisturbed Coherex® I-3 12.0 26.9 18.1 40.6
H-20 Coal Compacted None E-1 9.21 20.6 16.9 37.8
H-21 Coal Compacted None E-1 9.21 20.6 16.9 37.8
H-22 Coal Compacted None E-1 9.21 20.6 16.9 37.8
H-23 Coal Turned None E-2 9.48 21.2 16.6 37.2
H-24 Coal Turned None E-2 9.48 21.2 16.6 37.2
H-25 Coal Turned None E-2 9.48 21.2 16.6 37.2
H-26d Coal Turned None E-2 9.48 21.2 16.6 37.2
H-27 4 Coal Compacted Latex w-1 > 12.7 > 28.5 > 24.0 > 53.6
H-28 d Coal Turned Latex w-2 > 11.1 > 24.8 > 19.5 > 43.6
H-ZBQ Coal Turned Latex w-2 > 11.1 > 24.8 > 19.5 > 43.6
H-29 Coal Turned Latex w-2 > 11.1 > 24.8 > 19.5 > 43.6
H-30 Coal Turned Latex W-3 10.0 22.4 14.8  33.2
H-30A Coal Turned Latex W-3 10.0 22.4 14.8 33.2
H-30B Coal Turned Latex W-3 10.0 22.4 14.8 33.2
H-31 Coal Turned Latex W-4 10.3 23.0 15.6 34.8
H-31A Coal Turned Latex w-4 10.3 23.0 15.6 34.8
H-31B Coal Turned Latex W-4 10.3 0 15.6 8

23, 34,

Area was quite crusted.
Tunnel placéd over truck tracks.

These tests were run on coal that was dumped onto pile immediately before
equipment deployment. :

Once the lowest centerline velocity of the corresponding uncontrolled test

was reached, the search for a threshold velocity was abandoned. Hence,
lower bounds on the threshold velocity are given. ‘
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Results for test series H-30 through H-30B will not be reported because
of difficulties experienced in filter handling. While the testing was un-
derway, rainstorms entered the area. When the impactor substrates were re-
moved, they were found to be fairly damp but some' appeared loaded. However,
upon weighing, net catches were so small as to be beyond the accuracy of the
analysis techniques. It is also possible that some of the wet filter material
became brittle upon drying and flaked off during handling.

Table 4-5 summarizes the particle size data for the wind erosion tests.
Particle sizes are expressed in terms of aerodynamic diameter. Note that
the very small portion of material collected on the interior surface of the
probe tip was ignored in the particle size analysis.

Table 4-6 presents data on the surface propertieé which are believed
to have a significant effect on emission rate. Table 4-7 summarizes the
wind erosion test results.

4.5.2 Control Efficiencies

As discussed earlier, the efficiency of control measures applied to coal
storage piles are based on either erosion potentials or on emission rates.
The erosion potentials found in this study are presented in Table 4-8. Note
that a lower bound is given for the IP erosion potential for uncontrolled
steam coal. This is due to the fact that the measured emission rate for
F-53 did not decrease from that of run F-52. In this case, an erosion poten-
tial cannot be determined.

Combined emission rates for Cambria coal are given in Table 4-9. These
are based on an erosion time of 20 min. A control efficiency determined
from the ratio of emission rates is based on the assumption that, after a
suitably long erosion time, the total mass ]ost approximates the erosion
potential. In this case, the ratio of emission rates approximates the
ratio of erosion potentials. _

In order to substantiate this approach, the total mass lost during
-Runs H-23 and H-24 was compared to the erosion potential found using these
runs. The results are presented below:

Mass lost during H-23 and H-24

Size range + erosion potential
TP 0.783
Ip 1.00
FP 0.969
96
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From these values, one may see that 20 min of erosion can quite ade-
quately approximate the erosion potential. This is especially true for in-
halable and fine particulate emissions. For total particulate emissions,
the approximation is not as good; however, there is the complicating effect
of creeping motion. Twenty minutes is a long enough time for large particles
to roll along the surface until they finally enter the tail section of the
wind tunnel. These particles are, of course, not airborne. - Therefore, it
is believed that the mass eroded after 20 min also approximates the erosion
potential for TP. '

Analysis of Runs H-23 and H-24 proves that the erosion potential was
approximated at 10.7 m/s centerline speed (24 mph). It is reasonable to
assume that this approximation improves as the wind speed is increased.
Therefore, one can conclude that the other wind erosion tests conducted in
this study also adequately approximated the erosion potentials since they
all occurred at a centerline wind speed greater than 10.7 m/s (24 mph).

From Tables 4-8 and 4-9, control efficiencies were determined and are
presented in Table 4-10. The efficiency of Coherex® in controlling IP emis-
sions from active steam coal is expressed in terms of a lower bound. This
was necessary because it was not possible to obtain an IP erosion potential,
as discussed earlier.

The two chemicals applied to active (or turned) coal surfaces appear
to be less effective in controlling emissions in the smaller size ranges.
In the case of compacted Cambria coking coal, the control efficiency of the
latex binder was fairly constant over the size ranges considered.

Figure 4-5 shows the decay in control efficiency that was observed for
the Tatex binder. The TP control efficiency was reduced approximately in
half from the second to the fourth day, while the IP control efficiency
dropped roughly one-third. Note that the measured efficiency of control
for FP emissions showed an increase over the same period. However, these
values must be considered suspect because of light loadings on the impactor
substrates. Further tests must be performed in order to adequately charac-
terize the control efficiency for fine particulate emissions.

From the data presented in Table 4-10, it appears that the latex binder
is more effective in controlling emissions from the turned surface as the
wind speed increases. In the uncontrolled case, the TP and IP emission rate
increased approximately 1000% and 500%, respectively, when the tunnel centep-
line wind speed was raised from 14.4 m/s (32.2 mph) to 17.2 m/s (38.5 mph).
The corresponding increases for the controlled surface were 70% and 80%,
respectively. Thus the measured control efficiencies for TP and IP were
substantially higher for the greater wind speed. The FP control efficiency
also shows this trend, but this result should also be considered suspect in
light of the discussion above.
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5.0 OPEN DUST CONTROL DESIGN, OPERATION AND COST PARAMETERS

A limited amount of design/operation and cost data were collected from
the three plants at which testing was performed during this study. The
questionnaires shown in Appendix B were completed by personnel representing
Armco-Middletown, Armco-Houston, and Bethlehem-Burns Harbor. Since the di-
stinction between design and operational data is difficult to verify from a
questionnaire, these data will simply be designated as design/operation data.
Also shown on the questionnaire were cost data. '

This section contains the results of the questionnaire as well as a
theoretical treatment of fugitive dust control cost-effectiveness analysis.

5.1 DESIGN/OPERATION PARAMETERS

The most important design/operation parameters are application inten-|
sity, frequency and dilution ratio, if applicable. These variables, as '
determined from the questionnaire, are summarized in Tables 5-1 through 5-4.
Many miscellaneous characteristics of the control system are presented in |
Appendix C. ‘

5.2 COST PARAMETERS

Costs associated with purchase, installation, operation, and mainte-
nance should all be quantified in order to evaluate the cost-effectiveness
of a given open dust control technigue. These costs, as determined from
the questionnaire, are shown in Table 5-5. To facilitate comparisons be-
tween control techniques, the cost data in Table 5-5 were placed on a
dollar per unit of treated source extent and on a dollar per unit of actual
source extent in Tables 5-6 and 5-7, respectively. ‘

5.3 THEORETICAL COST-EFFECTIVENESS ANALYSIS
The most informative method for comparing cost data is on a cost-

effectiveness basis. Cost-effectiveness in air pollution control is de-
fined as dollars expended per mass of emissions reduced:

CE =

Ho

cost-effectiveness ($/1b of emissions reduced)

where: CE =
' D = control technique cost ($/year)
ER = emissions reduction (pound of emissions reduced/year)
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TABLE 5-1. DESIGN/OPERATION PARAMETERS - PAVED ROADS
Application AppTlication
Plant Control intensity frequency

Middletown Works

Houston Works

Vacuum sweeper .
or
Flusher

Broom sweeper
and
Flusher

12,000 cfm vacuum
blower capacity

1,800 gal/mile at
50 psig

NA

0.48 gal/yd? under
unknown pump
pressure

Once per 2 or 3 days

Once pef 2 or 3 days

Once per 3 days
Once per 3 days

TABLE 5-2. DESIGN/OPERATION PARAMETERS - UNPAVED ROADS

) Application Dilution ratio Application
Plant Control intensity chemical:water frequency
Middletown Works Coherex® 0.19 gal/yd? 1:5 -

(initial ap-
plication)
0.28 gal/yd2 1:8 Once every 2 days
(remaining ap- to '
plications) Once every 6 weeks
Houston Works Watering 0.48 gal/yd? - Once every 3 days
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TABLE 5-3. DESIGN/OPERATION PARAMETERS - UNPAVED PARKING LOTS AND EXPOSED AREAS

Plant " Control

Application
intensity

Dilution ratio
chemical:water

App]ication:
frequency

Middletown Works Coherex®

910 gal/acre

(initial ap-
plication)

1,364 gal/acre

(remaining ap-
plications)

1:5

1:8

2 or 3 times/year
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Control technique cost includes several components shown graphically
in Figure 5-1. Purchase and installation costs must also include costs for
freight, tax and borrowed money. The operation and maintenance costs should
reflect increasing frequency of repair as the equipment ages along with in-
creased costs for parts, energy and labor. Costs recovered from tax Taws
should also be considered. The slopes of the lines in Figure 5-1 have little
significance except to show an increasing or decreasing cost with time. The
slope of the loan interest tax deduction assumes the equipment was funded
by a loan to be repaid on an installment basis beginning at the time of the
loan. The equipment could have been funded by a bond program with bonds
maturing at a variety of times causing the interest paid to increase, remain
Tevel, or decrease with time in a continuous or step fashion.

Cost-effectiveness also includes the emissions reduction achjeved. Re-
sults from this study support the logical conclusion that the emissions re-
duction of a specific control technique decays with time until the technique
finally yields no reduction over the uncontrolled state. This can be de-
fined as the 1ife of the control technique, not to be confused with the 1ife-
time of the equipment.

The remaining portion of this section presents a simplified mathematical
model for comparing the costs of one control technique with another. The
question being asked determines the basis on which the cost should be com-
pared. The following Tist presents six questions which can be asked:

1. Given a specific source at a specific plant and given a specific
control technique, what is the most cost-effective number of ap-
plications that should be made?

2. Given a specific source at a specific plant and given a specific
control technique, what is the cost to achieve a given emission
reduction?

3. Given a specific source at a specific plant, what is the most
cost-effective control technique that can be used?

4. Given a specific source at a specific plant, what is the least
expensive control technique that can be used to achieve a given.
emission reduction? '

5. Given a specific plant, what is the most cost-effective source
that can be controlled?

6. Given a specific plant, what is the least expensive source which
can be controlled to achieve a given emission reduction?

5.3.1 Cost-effectiveness Optimization Analysis

The answers to questions 1, 3 and 5 require an optimization analysis.
The following simplified mathematical model can be used to answer questions
1, 3 and 5. -

112




Equipment, Installation ,‘ Freight, Tax, and Interest

Startup
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1

Figure 5-1. Graphical presentation of open dust control costs.

113



As shown above, the cost-effectiveness of any given combination of con-
trol technique, equipment and implementation plan for a given source at a
given plant is: '

_ D
¢ = =
where CE = cost-effectiveness ($/1b of emissions reduced)
D = control technique cost ($/yr)
ER = emissions reduction (1b of emissions reduced/yr)

The control technique cost can be written as follows
D = PI + MO

where PI = annual purchase and installation cost ($/yr)
MO = annual operating and maintenance cost ($/yr)

The annualized purchase and installation cost for a given device can be ex-
pressed : '

- IPT
S
where IPT =  total purchase and installation cost ($)
Y = estimated 1ife of equipment (yr) |

The annual operating cost can be expressed
MO = AMO x TSE
where AMO

I

maintenance and operating cost per unit of
treated source extent ($/unit of treated
source extent)

TSE

I

treated source extent per year (units of
treated source extent/yr)

The annual treated source extent is further dependent on the actual
amount of source extent in the plant and the number of treatments per year:

TSE = ASE x NT
where ASE = actual source extent in plant (units of source
extent)
NT = number of treatments per year (treatment/yr)

The intial purchase and installation cost can also be dependent
on the treated source extent as follows

- TSE
IPT = UPT x MEE
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where UPT = initial purchase and installation cost per
: device ($/device)
MSE = maximum source extent which can be treated

per device per year (units of treated source
extent/device/yr)

The ratio TSE/MSE actually represents the number of devices needed.

The generalized expression for control technique cost can now be written
as follows ' -

UPT x ASE x NT

b= Y x MSE

+ (AMO x ASE x NT)

A11 the parameters in the generalized expression for control technique
cost can be fixed for a given technique and plant with the exception of the
number of treatments per year which must be calculated. The lifetime of
the device is assumed a constant in this analysis. The validity of this
assumption is explored at the end of this analysis.

The number of treatments per year can be calculated if one knows the !
functional form for the decay of control efficiency for a given technique
with time. The optimum number of treatments can then be caiculated by mini-
mizing the cost effectiveness for a given control technique.

Before minimizing the cost-effectiveness function, one first writes
the generalized expression for emissions reduction which appears in the de-
nominator of the cost effectiveness function. The instantaneous emissions!
reduction can be expressed as follows

ER(t)
where ER(t)

CEF(t) x EF x SE

instantaneous emissions reduction as a
function of time (1b/yr)

CEF(t) = instantaneous control efficiency fraction
as a function of days after application

EF = uncontrolled emission factor (1b/unit of
source extent)

SE = source extent (units of source extent/yr)

The time-averaged emission reduction (ER) can then be defined as

365/NT

J
EF x SE -2 CEF(t) dt

ER 365/NT
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The cost-effectiveness function can now be minimized and the op-
timum number of applications per year calculated. It is obvious that if
just emission reduction were to be maximized, an infinite number of treat-
ments would be required. If just cost were to be minimized, then zero
treatments per year would be required. '

The minimization of CE which requires the optimum concentration
of both cost and emission reduction can then be determined assuming

Before the actual calculations to minimize CE can occur, the form of the
control efficiency decay function must be determined. The following analyses
consider 3 different forms of the control efficiency decay function: (1)
linear decay (2) exponential decay, and (3) exponential followed by linear
decay.

Linear Decay of Control Efficiency with Time--
If it is assumed that the control efficiency fraction decays linearly
from 1.0, then

CEF(t) = =«bt +1
and - '
365/NT
_ EFxSExN J i '
ER = 365 0 (-bt +1) dt
- EF x SE x NT -b (§§§) 2 + 365
365 2 NT NT
= - b 365
= EF x SE (1 5 NT)
The cost-effectiveness“function can then be written -
_ A _(NT)
¢ = x5 1o
2 NT
_ UPT x ASE | '
where A = Y x MSE + (AMO x ASE)

The value A actually has units of dollars expended per treatment. The value
of NT which yields the minimum cost-effectiveness function can be derived as
follows: ‘

EF x 55(1-9 g@)A ~ A(NT)(EF)(SE)b 365
2 NT 2 _NI2

1 - b 365\\°
(EF X SE ( 3 —N:'-))
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Solving for NT yields

365

b 365 _ _b 365 ,
AX-EFXSEE-W_EFXSE]. 7 N A
b365 _ ;.b 365
2 NT 2 NT
365 _
b N T 1
NT = b 365

Then the minimum cost-effectiveness function is

cE. = A 365 b
min EF x SE /1 - b 365
5 365b
365 Axb
CE. =
min % x EF x SE

One interesting conclusion is that the most cost-effective approach will
yield only a 50% reduction in emissions over the uncontrolled state. Another
interesting conclusion is that the cost-effectiveness is minimized when the
control technique efficiency is allowed to decay to zero. In order to prove .
this, define the lifetime of the technique (LT) as the time at which CEF = 0.

Then one may write

0

b (LT) + 1

LT % (days)

H

But the optimum time betewen applications is 365/NT = 1/b. Thus the opti-
mum time between applications is the lifetime of the control technique and
the optimum number of applications can be expressed ‘

NTopt = 365/LT
Exponential Decay of Control Efficiency with Time--

It is now assumed that the control efficiency decays exponentially
from 1:

CEF(t) = e Pt
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The emissions reduced can be expressed as

365/NT

_ EF x SE x NT -bt
ER = ot £ e Pt at
_ EF x SE X NT (_ 1 exp (-bt)) 365/NT
365 b
0
_ EF x SE x NT (-1 exp (~b3ES/NT) + 1)
365 b b

The cost effectiveness function can then be written

A x NT
EF x SE x NT (-1 exp {-b365/NT) + 1)
365 b b

CE =

The value of NT which yields the miminum cost-effectiveness function can
-then be derived as follows

d (CE) _ o = AxEF x SE x NT (_ 1 exp (_ b365) + 1)

d (NT) ~ 365 b T b
~ A x NT g£§é§§g( ) % NT (:baTBGS o b 365/NT _ % o b 365/NT | %
(EF X ggsx NT. (_ % exp (-bN$65) + %)) ¥
Solving for NT yields
A x NT gng x SE _ (% (N% b x 365 1) . b 365/NT . ;) _Ax EFséSSE X NT |

1.
(-5 e (T 255) + )

x b x 365 e P 365/NT _

=|
Sl

KT exp (b 365/NT) = 0

NT + 0

opt

The fact that NT » 0 implies that the control is applied once and
never needs to be reapplied. This is because the control efficiency, when
-expressed as an exponential decay, never goes to zero. To put it another
way, the control technique has an infinite lifetime.
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Exponential Followed by Linear Decay in Control Efficiency with Time--

In order to circumvent the physical implausibility resulting from the
exponential decay assumption alone, assume that at some point in time called
d, the functional form of the decay changes from exponential to a straight °
line function with a slope equal to the slope of the exponential decay func-
tion at t = d. The straight line function must also pass through (0, LT). .
The slope of the exponential decay function at time d is:

¢ = -he 24
The straight line function can then be defined as
CEF(t) = -be 0% + f
Therefore L
f = be P4 (LT)
Consequently,

CEF(t) = -be P4 (t - LT)

Since the values of the CEF for both functions are identical at d, one may
solve for d

ePd = _ped (g - LT
d = UT-¢
Thus _
Cer(t) = -be PUT) * 1 gy gD T 1 ()

Therefore both functions comprising the decay function are defined when the
decay constant, b, and the 1ife of the control technique, LT, are Kknown.

For simplicity in the following solution, the following definitions will be
used: ‘

C o pelB(LD)

§ = p(LT)el D
= -1

d = LT-¢

The equation for the emission reduction can then be written

EF x SE x NT .d -bt 365/NT
365 Jo & Tdt* gy

ER = (- ct +f) dt

_EF X SEXNT  _ 1 -bd
= T 365 pe 7

ol

2

L g
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The cost-effectiveness function can now be written

(NT)

- A
CE = : .
EF X SEX NT (. Lbd . 1. c [365\7 . cd . 365
365 ( B2 Y3 ("""NT) S B fd)

The value of NT which minimizes the cost-effectiveness function can then be
calculated as follows

EF x SE

d (CE) _ o= _p (5 (365)2 (-2) sy - 7 365 k) EEXSE
~AeT) (ER/NTY?
or
f §%%2 = ¢ §%%§
Therefore
NTppp = € 32

Substitution of the definitions of c and f yields

1 - b(LT)
NT _be 365

opt 1 - b(LT)
b LT e
- _ 365
NTopt BN

The minimum value of the cost-effectiveness for the case where the control
efficiency decays first in an exponential and then in a linear fashion can
be expressed as follows

‘ A 365
LT
CE .. =
min 365\ 7
6F x SEx32 - 1l BT 1. b 1-b(T) (3_:3_)
365

- 2 - - 365
T

- bLny ef T U 7 - Ly
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This reduces to

A xb x 365

CErin = EFXSE (I - 172 exp (L - B(LT)))

From these analyses one can see that, in all three cases, the cost-
effectiveness function is minimized when the control efficiency of the
water or chemical is allowed to decay to zero. This is easily understood
when one considers that a fixed amount of money is expended for each appli-
cation of water or chemical dust suppressant. The most cost-effective
approach is to gain all the emission reduction possible for this fixed
expenditure. The maximum aggregate emission reduction occurs when the
lifetime of the technique is reached. In other words, when the control
efficiency equals zero, the maximum emission reduction has been gained and:
no further emission reduction will occur. ‘

While the cost-effectiveness function is minimal at the lifetime of
the control technique in all three cases, this does nol mean that the value
of the minimum cost-effectiveness function is identical in all three cases.
Indeed, this value depends on all the costs related to the equipment, the:
slope or decay constant for the control efficiency function, the form of
the control efficiency decay function, and the emissions from the source in
the uncontrolled state. Consequently, while the user of these equations
knows the most cost-effective number of applications to make for a given
control, he should still use the appropriate equation for minimum cost-
effectiveness to determine which combination of technique and equipment .
will yield the lowest minimum cost-effectiveness. |

Inclusion of Fixed Costs--

A second level of complexity can be introduced to this analysis by as-
suming that there are some fixed costs which are not dependent on the number
of applications. In this case, the cost function can be written ‘

D B (NT) + g

where

1t

fixed cost which are not dependent on the number of
applications ($/yr)

This may occur, for example, when the equipment is already purchased and'
installed without regard for the optimum number of applications necessary.
For this case, g equals the purchase and installation cost while B equals

only the operating and maintenance cost. The cost-effectiveness function

in this case can also be minimized but the minimum value will not be as Tow
as the case where the size and number of the devices were also optimized.

It should be pointed out, however, that one never need purchase equip-

ment without optimization in mind. Given the lifetime of a control tech-
nique, one can calculate the number of applications per year. Given the
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number of applications, one can calculate the total treated source extent
per year (TSE). Then one can calculate the number of devices of given size
that need to be purchased by dividing TSE by MSE (the maximum source extent
that can be treated per device per year).

Analysis of the Impact of Equipment Utilization on Cost-Effectiveness--
The life of the equipment Y can be calculated using the following
equation :

v = SEL X (TSE/MSE) _ SEL
TSE MSE

where SEL source extent which can be treated over the lifetime of

the device (units of source extent per device).:

The term TSE/MSE represents the number of devices needed assuming full utili-
zation. From the above equation, one can see that at full utilization, the
lifetime of each device is a constant. Since this was the assumption in
all the previous analyses, the previous calculations are applicable to the
case of maximum utilization. ‘ _

Substituting the above expression for the lifetime of the equipment
into the previous expression for annual cost yields

p = UPT x ASE x NT
SEL

+ (AMO x ASE x NT)

\ For the case where one or more devices are desired at a utilization, e,
which is less than 100%, the 1ifetime of the devices can be calculated as

y = SEL x (TSE/(e x MSE)) _ _ SEL
TSE e x MSE

Again the lifetime of the devices is a constant and the previous analyses
apply. The expression for the annual cost for this case is

p = UPT gEﬁsE X NT . AMO x ASE x NT

One can see that the annual’ cost is identical whether or not maximum utilj-
zation occurs. At less than maximum utilization, more devices are required
but each one lasts longer, thus yielding the same annual cost. ‘

Finally, consider a limiting case in which one device can accomplish
the job at less than maximum utilization. The lifetime of this single device
can be calculated as follows:

y = SEL X (TSE/(e x MSE))
TSE
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However, it is known that in this case

TSE = e x MSE
Therefore
_ SEL
Y= ¥sE

Substituting this expression in the equation for annual cost yields

_ UPT x (TSE/(e x MSE))
D= SEL/TSE + AMO x ASE x NT

which reduces to

p = YT ’S‘EQSE X NT . aMO x ASE x NT

Again, this is the same expression for annual cost as when several devices.
were selected at maximum and less than maximum utilization. Assuming that
all three of these options were applied to the same job (TSE = constant), .
we can see that in the first two cases, the annual cost would be identical,
but in the third case, the single device would have to be larger or faster!
in order to accomplish the same job for which many devices were required.
This implies that UPT, SEL, and AMO would probably differ. Using the mini-
mum cost-effectiveness equation for a Tinear decay in control efficiency,
one can see that for control of a given source at a given plant, cost is
minimized when the value of (UPT/SEL) + AMO is a minimum. Cost-effective-
ness is minimized when the value of b(UPT/SEL + AMO) is a minimum.

In conclusion, the cost-effectiveness equations developed in this sec-
tion can be used in analyzing costs for a single control technique and for
comparing costs of various alternative control techniques for a given plant
and source. The equations can also be used to compare the same control tech-
nique at two different plants. In the first case, the equations indicate,
that cost should be compared on the basis of dollars per unit of source ex-
tent treated. In the second case, the cost should be compared on the basis
of dollars per actual unit of source extent in the plant. However, while
cost comparisons are informative, it is the cost-effectiveness values which
are most important in terms of decisions about which open dust control tech-
nique is best. I

5.3.2 Minimum Cost Calculations

The answer to questions 2, 4 and 6 listed in Section 5.3 do not require
an optimization analysis, but rather require only a simple calculation.
The following analysis shows how to determine the least expensive control
technique to achieve a given emission reduction from a given source.
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The cost-effectiveness function for control of open dust emissions from
a given source at a given plant is: - '

CE =

ol
xlo

where:  ER = fixed value of desired emission reduction (T/yr).

From previous analyses, the cost per year can be expressed:

p = UPT X ASE x NT
Y x MSE

+ (AMO x ASE x NT)

Since the emission reduction is fixed in this particular problem, the
number of applications necessary to achieve that reduction can be calculated
from the following equation: :

365/NT
/

0 CEF(t) dt

ER = EF x SE x 365/NT

For the case where the control efficiency fraction decays linearly from
1.0, the emission reduction is:

= . b 365
ER = EF x SE x (1 i —NT)

The number of applications per year necessary to achieve a given re-
duction can then be expressed:

_b. _ ER
NT'—EX365X(1 m)

Then the expression for the dollars expended per year is:

_ UPT x ASE b . _ER
D= W"'(AMOXASE)X -2'-)(365)((1 W)

Thus, for all control techniques with a linear decay in control effi-
ciency, the cost to achieve a given emission reduction can be calculated
for each control technique using the above equation. The most cost-
effective technique is then the one with the lowest total annual cost (D).
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7.0 GLOSSARY

Activity Factor - Measure of the intensity of aggregate material disturbance
by mechanical forces in relation to reference activity level defined as
unity. :

Application Frequency - Number of applications of a control measure to a t
specific source per unit time; equivalently, the inverse of time be-
tween two applications.

Application Intensity - Volume of water or chemical solution applied per i
unit area of the treated surface.

Control Efficiency - Percent decrease in controlied emissions from the un-
controlled state.

Cost-Effectiveness - The cost of control per unit mass of reduced particu-
late emissions. i

Dilution Ratio ~ Ratio of the number of parts of chemical to the number of
parts of solution, expressed in percent (e.g., one part of chemical to
four parts of water corresponds to a 20% solution). j

Dry Day - Day without measurable (0.01 in. or more) precipitation.

Dry Sieving - The sieving of oven-dried aggregate by passing it through a.

series of screens of descending opening size.

Duration of Storage - The average time that a unit of aggregate materia]}
remains in open storage, or the average pile turnover time.

Dust Suppressant - Water or chemical solution which, when applied to an
aggregate material, binds suspendable particulate to larger particles.

Erosion Potential - Total quantity of erodible particles, in any size range,
present on the surface (per unit area) prior to the onset of erosion.

_Exposed Area, Effective - The total exposed area reduced by an amount which

reflects the sheltering effect of buildings and other objects that re-
tard the wind. 1

Exposed Area, Total - Qutdoor ground area subject to the action of wind and
protected by little or no vegetation.
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Exposure - The point value of the flux (mass/area-time) of airborne particu~
late passing through the atmosphere, integrated over the time of mea-
surement. '

Exposure, Integrated - The result of mathematical integration of spatially
distributed measurements of airborne particulate exposure downwind of
a fugitive emissions source.

Exposure Profiling ~ Direct measurement of the total passage of airborne
particulate immediately downwind of the source by means of simultaneous
multipoint isokinetic sampling over the effective cross-section of the
emissions plume. :

Exposure Sampler - Directional particulate sampler with settling chamber and
backup filter, having variable flow control to provide for isokinetic
sampling at wind speeds of 1.8 to 8.9 m/s (4 to 20 mph).

Friction Velocity - A measure of wind shear stress on an exposed surface as
determined from the siope of the logarithmic velocity profile near the
surface.

Fugitive Emissions - Emissions not originating from a stack, duct, or flue.
Load-in = The addition of material to a storage pile.
Load-out ~ The removal of material from a storage pile.

Materials Handling - The receiving and transport of raw, intermediate and
waste materials, including barge/railcar unloading, conveyor transport
and associated conveyor transfer and screening stations.

Moisture Content - The mass portion of an aggregate sample consisting of un-
bound moisture as determined from weight loss in oven drying.

Normalization - Procedure that ensures that emission reductions not attri-
butable to a control measure are excluded in determining an efficiency
of control.

Particle Diameter, Aerodynamic - The diameter of a hypothetical sphere of
unit density (1 g/cm®) having the same terminal settling velocity as
the particle in question, regardiess of its geometric size, shape and
true density.

Particle Drift Distance - Horizontal distance from point of particle injec-
tion into the atmosphere to point of removal by contact with the ground
surface.

Particulate, Fine - Airborne particulate smaller than 2.5 um in aerodynamic
diameter.

Particulate, Inhalable - Ajrborne particulate smaller than 15 pm in aerody-
namic diameter. ' '
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Particulate, Total - A1l airborne particulate regardless of particle size.

Particulate, Total Suspended - Airborne particulate matter as measured by a
standard high-volume (hi-vol) sampler.

Precipitation-Evaporation Index - A climatic factor equal to 10 times the
sum of 12 consecutive month]y ratios of precipitation in inches over
evaporation in inches, which is used as a measure of the annual aver- |
age moisture of exposed material on a flat surface of compacted
aggregate.

Precision Factor (one standard dev1at1on) - The precision factor (f) for
an emission factor equat1on is defined such that the 68% confidence
interval for a pred1cted emission factor value (P) extends from P/f to
Pf; the precision factor is determined by exponentiating the standard |
dev1at1on of the differences between the natural logarithms of the
predicted and observed emission factors wh11e accounting for the lost .
degrees of freedom.

Road, Paved ~ A roadway constructed of rigid surface materials, such as
asphalt, cement, concrete, and brick.

Road, Unpaved - A roadway constructed of nonrigid surface materials such asi
dirt, gravel (crushed stone or slag), and oil and chip surfaces.

Road Surface Dust Loading - The mass of loose surface dust on a paved road- |
way, per length of roadway, as determined by dry vacuuming. ‘

Road Surface Material - Loose material present on the surface of an unpaved
road.

Roughness Height - A measure of the roughness of an exposed surface or
storage pile as determined from the y-intercept of the logarithmic
velocity profile near the surface.

Silt Content - The mass portion of an aggregate sample smaller than 75 mi-
crometers in diameter as determined by dry sieving. ‘
|
Source, Open Dust - Any source from which emissions are generated by the
forces of wind and machinery acting on exposed aggregate materials.

Spray System - A device for applying a liquid dust suppressant in the form
of droplets to an aggregate material for the purposes of controlling
the generation of dust.

Storage Pile Activities - Processes associated with aggregate storage pi]es;
spec1f1ca11y, load-in, vehicular traffic around storage piles, wind
erosion from storage p1les, and load-out.

Surface Erodibility - Potential for wind erosion losses from an unshe]teredi

area, based on the percentage of erodible particles (smaller than 0.85 mm

in d1ameter) in the surface material.
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Surface Stabilization - The formation of a resistive crust on an exposed ag-
gregate surface through the action of a dust suppressant, which sup-
presses the release of otherwise suspendable particles.

Vehicle, Heavy-Duty - A motor vehicle with a gross vehicle travelling weight
exceeding 30 tons.

Vehicle, Light-Duty - A motor vehicle with a gross vehicle travelling weight
of less than or equal to 3 tons.

Vehicle, Medium-Duty - A motor vehicle with a gross vehicle travei]ing weight
of greater than 3 tons, but less than 30 tons.

Windbreak - A natural or man-made object which reduces the ambient wind speed
in the immediate Tocality.
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I 8.0 ENGLISH TO METRIC UNIT CONVERSION TABLE
l English unit Multiplied by Metric unit
l gal/yd? 4,53 2/m?
1b/T 0.500 kg/t
1b/vehicle mile 0.282 kg/vehicle km
l 1b/acre yr 112 kg/km? year
1b 0.454 kg
T 0.907 t
l mph 0.447 m/s
mile 1.61 km
ft 0.305 m
I acre 0.00405 km2
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APPENDIX A
DATA COMPILATION FROM MATERIALS HANDLING FLOW CHARTS

Tables A-1 through A-10 summarize material handling operations for raw§
and intermediate materials at the 10 surveyed plants. Table A-1l summarizes
slag handling operations at the 10 surveyed plants. :
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APPENDIX B

EXAMPLE OPEN DUST SOURCE CONTROL SURVEY QUESTIONNAIRE

'\




IRON AND STEEL PLANT
OPEN DUST SOURCE CONIROL SURVEY

I. GENERAL INFORMATION

Name of Company Location of Plant

Total Length of Paved Roads in Plant mi. Total Length of Unpaved Roads in Plant mil.

Approx. No. of Active Storage Piles in Plant Approx. No. and Area of Unpaved Parking Lots in Plant B
_ . . acres

ITI. CONTROL TECHNOLOGY FOR PAVED ROADS

A. . No. and Type of Street Sweepers Used to Clean Paved Roads
Broom-Type Regenerative Air-Type Vacuum~Type Flushing-Type

B. Design Informatiocn for Broom-Type Sweepers: Please provide information on each unit currently in service. If you

own more than one of a particular model, simply indicate the purchase price and the year purchased for the addi-
tional sweepers. Use additional sheets as necessary.

1. Make Model Purchase Price §

Year Purchased and Est. Life Expectancy yrs. No. of This Model Currently in Service

Name of Manufacturer Address

Phone Number { ) - Sales Representative

Approx. Annual Operating Cost § Vehicle Weight 1b.

Hopper Capacity yd? Normal Sweeping Speed wph

Water Tank Capacity gal. Water Flow at Spray Bar gpm

Cleaning Capacity ft2/hr @ mph

2. Make Model Purchase Price §

Year Purchased and Est. Life Expectancy yrs. No. of This Model Curremtly in Service

Name of Manufacturer Address

Phone Number ( ) - Sales Representative

Approx. Annual Operating Cost § Vehicle Weight 1b,

Fuel Consumption opg Width of Area Cleaned Per Pass ft.
Hopper Capacity ya? Normal Sweeping Speed " mph
Water Tank Capacity gal. Water Flow at Spray Bar gpm

Cleaning Capacity ft2/hr @ mph

B-2

Fuel Consumption mpg Width of Area Cleaned Per Pass ft. I




C. Design Information for Regenerative Air or Vacuum-Type Sweepers: Please provide information on each unit currently
in service. If you own more than one of a particular model, simply indicate the purchase price and the year pur-

chased for the additional sweepers. Use additional sheets as necessary.

1. Make ' \ Hodel Purchase Price § !
Year Purchased and Est. Life Expectancy __ __ VIS, No. of This Model Currently in Service
Name of Manufacturer Address .
Phone Number ( ) - Sales Representative
Approx. Annual Operating Cost § . Vehicle Weight 1b.
Fuel Consumption mpg Width of Area Cleaned Per Pass ft.
Cleaning Capacity ft?/hr @ mph Normal Sweeping Speed mph
Vacuum Blower Capacity cfm Velocity at Suction Head fps
Hopper Capacity yd? Type of Dust Control System
(i.e., wet or dry)

Type of Sweeper (vacuum or regenerative) ‘
2. Make Model Purchase Price §
Year Purchased and Est. Life Expectancy __ _ _ yrs. No. of This Model Currently in Service
Name of Manufacturer | Address
Phone Number ( DI - Sales Representative
Approx. Annual Operating Cost § . Vehicle Weight 1b.
Fuel Consumption mpg Width of Area Cleaned Per Pass ft.
Cleaning Capacity ft?/hr @ mph Normal Sweeping Speed mph
Vacuum Blower Capa.cir.y cfm Velocity at Suction Head fps

Hopper Capacity va? Type of Dust Control System

(i.e., wet or dry)

Type of Sweeper (vacuum or regenerative)

D. Design Information for Flushing-Type Sweepers: Please provide information on each unit currently in service.

If you own more than ome of a particular model, simply indicate the purchase price, year purchased, whether

unit was modified and cost of modification. Use additional sheets as necessary.

1. Make Model Purchase Price §
Year Purchased and Est. Life Expectancy ____ __ yrs. No. of This Model Currently in Sexvice
Name. of Manufacturer Address
Phone Number ( ) - Sales Representative
Was Original Unit Modified to Flushing Operation _____ Cost to Modify $

B-3




Approx. Annual Operating Cost § Vehicle Weight {wet)

Vehicle Weight (dry) 1b. Fuel Consumption

Water Tank Capacity gal. Water Flow at Nozzles

Normal Vehicle Speed mph Hopper Capacity_

Water Pressure at Nozzles psig Daily Water Consumption

Source of Water Degree of Water Treatment
2. Make Model : Purchase Price §
Year Purchased and Est. Life Expectancy — e yrs. No. of This Model Currently in Service
Name of Manufacturer Address
Phone Number ( ) - Sales Representative

Was Original Unit Modified to Flushing Operation Cost to Modify §

Approx. Annual Operating Cost $ Vehicle Weight (wet) 1b.
Vehicle Weight (dry) 1b. Fuel Consumption Opg

Water Tank Capacity gal. Water Flow at Nozzles ‘. gpm
Normal Vehicle Speed mph Hopper Capacity yd3 .
Water Pressure at Nozzles psig Daily Water Consumptioh gal.
Source of Water Degree of Water Treatment

E. Operating Schedule for Street Sweepers: Please completé the following table indicating the average hours per day
) and days per month each sweeper described above is in service. Also indicate the number of miles traveled in a

"typical" day.
Length of
Type of Sweeper Hours Per Day Days Per Month Road Cleaned
Make of Sweeper Model No, (i.e., vacuum) Operated Operated Per Day
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G. Cleaning Schedule: Please provide the schedunle used for cleaning all of the paved roads throughout the plant,
This schedule should include the frequency of cleaning, how this frequency was decided upon, and the method

by which the various types of street sweepers described above are allocated to the cleaning of certain sec-
tions of road.

H. Projections: Please indicate below any of the sweepers meantioned above which are scheduled for retirement in the
near future, the type of equipment being seriously considered as their replacement, and the reasons for such con-
sideration. Also provide below any proposed changes in the operating or cleaning schedule which may be imple-
mented in the future or any equipment modifications or changes considered.
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I1I. CONTROL TECHNOLOGY FOR UNPAVED ROADS, SHOULDERS, PARKING LOTS, AND ACTIVE STORAGE PILES

A. Controls for Unpaved Roads and Paved Road Shoulders: Please complete the following information for your facility
where applicable.

Treatment Method: Watering Chemical Dust Suppressants Other
(specify)

Type(s) of Chemical(s) Used: (check one or more as applicable) . )
Lignin Sulfonate Petroleum Resins Salts . Wetting Ageats
Other

(specify)

Trade or Chemical Name(s) of Dust Suppressant(e) Used (if any)

Type of Diluent(s) Used (if any)

Application Rate gal. of % solution per yd? of surface treated

Dilution Ratio parts of chemical to parts ‘
. (type of diluent)

Concentration of Chemical Suppressant as Received % by

(weight or volume)

Frequency of Application

Basis for Frequency of Application’

Method of Application (e.g., distributor truck)

Length of Road Which Is Treated Annually miles/yr

Total Capacity of On-Site Chemical Storage gal. No. and Capacity of Storage Tanks

Cost of Concentrated Chemical Dust Suppressant(s) Delivered to Your Plamnt § /gal. (Chemical)

$  lesl. (Freight)

Gallons of Chemical Delivered Per Shipment gal.

Gallons of Chemical Delivered Per Year gal.

Capital Cost for Storage Tamks § in dollars
’ (year of purchase)

Line Items Included In Capital Cost for Storage Tamks:

$ for tanks

$ for installatiom labor
$ for accessories

$ for other

Construction Material for Storage Tanks (e.g. concrete or metal)

Is Storage Tank Above or Below Ground

Is the Tank Heated

Capital Equipment Cost for Method of Applicatien (e.g., distributor truck) $
in dollars (year of purchase)

Capacity of Distributor Truck gallons
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Annual Operating and Maintenance Cost of Treatment $ in - dollars
’ (vear)
$ ) per mile of treated road

5 per actual mile of road
(Please attach supporting calculation for operating and maintenance costs)

Major Maintenance Problems Encountered (specify)

B. Contrel Methods for Unpaved Parking Lots and Other Exposed Areas: Please complete the following information for

your facility where applicable,.

Treatment Method: Watering Chemical Dust Suppressants Other

(specify)
Type(s) of Chemical(s) Used: (check one or more as applicable)
Lignin Sulfonate Petroleum Resins Salts Wetting Agents
Other
(specify)
Trade or Chemical Name(s) of Dust Suppressant(s) Used (if any)
Type of Dilﬁent(s) Used (if any)
Application Rate ) gal. of % solution per acre of surface treated
Dilution Ratio parts of chemical to parts
(type of diluent)
Concentration of Chemical Suppressant as Received % by
: (weight or volume)

Frequency of Application
Basis for Frequency of Application
Method of Application (i.e., distributor truck)
Area Which Is Treated Anﬂually acres/yr
Total Capacity of Op-Site Chemical Storage gal, No. and Capacity of Storage Tanks
Cost of Concentrated Chemical Dust Suppressant(s) Delivered to Your Plant $ /gal. (Chemical)

$ /eal. (Freight)
Gallons of Chemical Delivered Per Shipment gal.
Gallons of Chemical Delivered Per Year . gal.
Capital Cost for Storage Tanks § in dollars

(year of purchase)
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Line Items Included in Capital Cost for Storage Tanks.

H] for t#nks

$ for installation labor
$ for accessories

$ for other

Construction Material for Storage Tanks (e.g., comcrete or metal)

Is Storage Tank Above or Below Ground

Is the Tank Heated

in dollars
(vear of purchase)

Capital Eqﬁipment Cost for Method of Application (e.g. distributor truckas

Capacity of distributor truck gal.

Annual Operating and Maintenance Cost of Treatment

$ in dollars
(vear)

$ per treated acre )

$ per actual acre

Major Maintenance Problems Encountered (specify)
Approx. Annual Operating and Maintenance Cost of Treatment § per acre

Major Maintenance Problems Encountered (specify)

“C. Control Methods for Active Storage Piles: Please complete éhe following information for each major active storage

pile in your facility where applicable. Use additional sheets as necessary.

1. Type of Material in Storage (e.g., coal, pellets) Surface Area of Storage Pile

Is Stated Surface Area Projected Area or Actual Area

Average Daily Material Throughput tons/day Average Material Reserve tons

Treatment Methods:
Watering Chemical Suppressants or Binders Other

(specify)
Type(s) of Chemical(s) Used: (check one or more as applicable)
Lignin Sulfonate Petroleum Resins Salts Wetting Agents
Other
(specify)

Trade or Chemical Name(s) of Dust Suppressant(s) Used (if any)

Type of Diluent(s) Used (if any)

Application Rate gal. of % golution per ft? of surface treated

Dilution Ratio parts of chemical to parts
(type of diluent)

Concentration of Chemical Suppressant as Received % by

(weight or volume)
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Frequency of Application

Basis for Frequency of Application

Method of Application (e.g. sprinkler system or mobile distributor truck)

Area Treated Annually acres/yr

No. of Spray Nozzles in Operation Type of Spray Pattern Genmerated

Make of Spray Nozzle(s) Medel No.(s)

Nozzle Capacity gpm @ psig

Spray Angle o Maximum Area of Coverage of Spray Pattern ft?
Designer of Sprinmkler System Address
Phone No. ( ) - Est. Life Expectancy of System yrs.
Total Capacity of On-Site Chemical Storage gal. No. and Capacity of Storage Tanks
Cost of Concentrated Chemical Dust Suppressant Delivered to Your Plant § /gal. (Chemical)
$ /gal., (Freight)
Gallons of Chemical Delivered Per Shipment . . gal.
.Gallous of Chemical Delivered Per Year ' gal,
Capital Cost for Storage Taﬁks ] ) in dollars
. (year of purchase)
Line Items Included in Capital Cost for Storage Tanks.
$ for tanks
$ for installation labor
$ for accessories
$ for other
Construction Material for Storage Tanks (e.g. concfete or metal)
Is Storage Tank Above or Below Ground
Is the Tank Heated
Capital Equipﬁent Cost for Method of Application (e.g., distributor truck) § in dol

Capacity of Distributor Truck gal.

Annual Operating and Maintenance Cost of Treatment

$ ] in dollars
(year)

$ per treated acre

$ per actual acre

Major Maintenance Problems Encountered (e.g., freezing, clogging)

Source of Water Degree of Water Treatment
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2. Type of Material in Storage (e.g., toal pellets) Surface Area of Storage Pile : ft2

Is Stated Surface Area Projected Area or Actual Area

Average Daily Material Throughput tons/day Avefage Material Reserve tons
Treatment Methods: :
Watering Chemical Suppressants or Binders_ Other
: (specify)
Type(s) of Chemical(s) Used: (check one or more as applicable)
Lignin Sulfonate _ Petroleum Resins Salts Wetting Agents
Other
(specify)
Trade or Chemical Name(s) of Dust Suppressant(s) Used (if any)
Type of Diluent(s) Used (if any)
Application Rate gal. of % solution per ft? of surfice treated
Dilution Ratio parts of chemical to parts
(type of diluent)
Concentration of Chemical Suppressant as Received ' % by
o (weight or volume)
Frequency of Application
Basis for Frequency of Application
Method of Application (e.g., sprinmkler system or mobile distributor truck)
No. of Spray Nozzles in Operation Type of Spray Pattern Gemerated
Area Treated Anpually acres/yr
No. of Spray Nozzels in Operation Type of Spray Pattern Generated j
Make of Spray Nozzle(s) Model No.(s)
Nozzle Capacity gpm @ psig
Spray Angle A Maximum Area of Coverage of Spray Pattern fr2
Designer of Sprinkler System Address
Phone No. ( ) - Est. Life Expectancy of System yfb.

Total Capacity of On-Site Chemical Storage gal. No. and Capacity of Storage Tanks

Cost of Concentrated Chemical Dust Suppressant Delivered to Your Plant $ /gal. (Chemical)

$ /gal. (Frequent)

Gallons of Chemical Delivered Per Shipment ' gal.
Gallons of Chemical Delivered Per Year ' gal.
Capital Cost for Storage Tanks § in dollars

(year of purchase)
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Line Items Included in Capital Cost for Storage Tanks.
for tanks
for imstallation labor

for accesssories

o 4 W O

for other

Construction Material for Storage Tanks (e.g., concrete or metal)

Is Storage Tank Above or Below Ground

Iz the Tank Heated

Capital Equipment Cost for Method of Application (e.g., distributor truck) $

in

doll4q

Capacit& of Distributor Truck gal.

Apnual Operating and Maintenance Cost of Treatment.

$ in dollars
(year)

5 per treated acre

$ per actual acre

Major Maintenance Problems Encountered (e.g., freezing, clogging)

(year of purchase)

Source of Water Degree of Water Treatment

Name of Party Supplying Above Information .
: (Name) (Title)
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APPENDIX C

MISCELLANEOUS DESIGN/OPERATION AND COST DATA
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TABLE C-10. MISCELLANEOUS OPERATION/DESIGN AND COST DATA FOR WATERING OF STORAGE PILES

Name of Company: _Armco, Inc. ’ Locatidn of Plant: Middletown, Ohio
1. Type of Material in Storage: Coal Surface Area of Storage Pile: _390,000 f;z
Average Daily Material Throughput: 2,800 tons/day Average Material Reserve: 84,000 tons |

Treatment Methods:
Watering: _J Chemical Suppressants or Binders: . Other:

Frequency of Application: Once every 2 days

Basis for Frequency of Application: _Visual inspection

Method of Application (i.e., sprinkler system): _Permanent sprinkler system

No. of Spray Nozzles in Operation: 10 Type of Spray Pattern Generated: N/A
Make of Spray Nozzle(s): Nelson Model No.(s): _Nelson Big Gun P-2007

Nozzle Capacity: 500 gpm @ 100 psig

Spray Angle 27° above horizontal Maximum Area of Coverage of Spray Pattern: . 394,000 ft:
|

Designer of Sprinkler System: _01d Field Equipment Co. Address: _430 W. Seymore Ave., Cincinnatii Ohio

Phone No.: (513) 821-5582 (Bob Meier) Est. Life Expectancy of System: 20 years

Capital Equipment Cost for Method of Application:  $350,000 in 1980 dollars
(year of purchase)

Approx. Annual Operating and Maintenance Cost of Treatment: § in N/A dollars
(year of record)

Maintenance Problems Encountered (i.e., freezing, clogging): Clogaing

Source of Water: _Storm sewer run-of f Degree of Water Treatment: 35,000 gal/to%al area
Name of Company: _Armco, Inc. Location of Plant: Middletown, Ohio
2. Type of Material in Storage: _Limestone Surface Area of Storage Pile: Varies fti
Average Daily Material Throughput: Varies tons/day Average Material Reserve: Varies tons |
Treatment Methods:
Watering: Chemical Suppressants or Binders: _ Other:
Concentration of Chemical Suppressant as Received: % by '

(weight or voldme)

Frequency of Application: Based'dbbn weather conditions

Basis for Frequency of Application: Periodic visual inspection

Method of Application (i.e., sprinkler system): Mobile water truck

Capital Equipment Cost for Method of Applicat{on: $33,000 (1,500 gal. cap. truck) in 1979 dollars
(year of purchase)

Approx. Annual Operating and Maintenance Cost of Treatment: $173,000 in 1980 dollars
(year of record)

Maintenance Problems Encountered (i.e., freezing, clogging): None

Source of Water: _Treated river water Degree of Water Treatment: _Nonme - general plant water

(continued)
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TABLE €-10 (continued)

Name of Company: _Armco, Inc. Location of Plant: Middietown, Ohio
3. Type of Material in Storage: Taconite pellets Surface Area of Storage Pile: Varies ft2
Average Daily Material Throughput: 2,979 tons/day Average Material Reserve: Varies tons
Treatment Methods: ' .
Watering: Chemical Suppressants or Binders: Other:
’ ‘ (specity)

Br

Name of Company: Armco, Inc. Location of Plant: Houston, Texas
4. Type of Material in Storage: Coal (main pile) Surface Area of Storage Pile: _app. 312,000 ft2

Average Daily Material Throughput: 1,110 tons/day Average Material Reserve: _est. 55,000 tons

Treatment Meihods:

Watering: _ Chemical Suppressants or Binders: Other:

_ : - ' (specify)

Type(s) of Chemical(s) Used: (check one or more as applicable) N/A

Lignin Sulfonate: Petroleum Resins: ’ Salts: Wetting Agents:

Other:

Frequency of Application:

Basis for Frequency of Application: _Periodic visual inspection

Method of Application (i.e., sprinkler system): _Mobile water truck

Capital Equipment Cost for Method of Application: $33,000 in 1979 dollars
: (year of purchase)

Approx. Annual Operating and Maintenance Cost of Treatment: $173,000 in 1980 dollars
_ (year of record)

Maintemance Problems Encountered (i.e., freezing, clogging): None

Source of Water: Treated river water Degree of Water Treatment: None-general plant wat

(specify)
Trade or Chem%ca1 Name(s) of Dust Suppressant(s) Used (if any): _N/A_
Type of Diluent(s) Used (if any): _N/A
Application Rate: _0.16 gal. of _0 % solution per ft? of surface treated

Dilution Ratio: __.parts of chemical to parts

(type of diluent)
N/A

st St st Vst

Concentration of Chemical Suppressant as Received: % by

(weight or voiume)

Frequency of Application: As needed

Basis for Frequency of Application: Operated if natural rainfall does not provide 1/4 in. of water

Method of Application (i.e., sprinkler system): Spray system

No. of Spray Nozzles in Operation; See below Type of Spray Pattern Generated: _Overlapping circylar
Make of Spray Nozzle(s): Johns-Manville Model No.(s): See below '
Nozzle Capacity: _100.4 gpm @ 60 psig NOZZLES: Number Model No.
586GZE
8 886G2E '
(continued)
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TABLE C-10 (continued) .

5.

Spray Angle: Std. - 26°, can tilt to 30 to 35° Maximum Area of Coverage of Spray Pattern: | 330,000 ft2
Designer of Sprinkler System: Watson Dist. Co., Inc. Address: _P.0. Box 36211, Houston, Texas 77036
Phone No.: _(713) 771-5771 Est. Life Expectancy of System: 20 years§

Total Capacity of On-$ite Chemical Storage: _N/A gal. No. and Capacity of_storage Tanks: 1 - 76;500 gal.
Cost of Concentrated Chemical Dust Suppressant Delivered to Your Plant: _$ N/A /gal, :
Capital Cost for Storage Tanks: $45,000 in 1975 dollars

_ (vear of purchase)
(installed cost for underground concrete tank)

‘Capital Equipment Cost for Method of Application: $216,000 in - 1975 dollars

(year of purchase)
(includes storage tank, pumps, controls, piping, motors, and spray system)

Approx. Annual Operating and Maintenance Cost of Treatment: $8,600 in 1980 dollars (estimated)

Maintenance Problems Encountered (i.e., freezing, clogging): Freezing, plugging

Source of Water: ' Cooling water blowdown Degree of Water Treatment: None
Name of Company: _Armco, Inc, Location of Plant: Houston, Texas
Type of Material in Storage: Coal (surge piie) Surface Area of Storage Pile: 16,000 ft2
Average Daily Material Throughput: 1,000 tons/day Average Material Reserve: 12,060 tons
Treatment Methods: :
Watering: _J Chemical Suppressants or Binders: Other:
‘ : (specify)
Type(s) of Chemical(s) Used: (check one or more as appliéable) N/A
Lignin Sulfonate: Petroleum Resins: Salts: Wetting Agents:
Other:
(specify)
Trade of Chemical Name(s) of Dust Suppressant(s) Used (if any): N/A
Type of Diluent(s) Used (if any): N/A
Application Rate: _0.16 gal. of _0 % solution per ft? of surface treated
Dilution Ratioe: parts of chemical to parts )
(type of diluent) )
) N/A
)

Concentration of Chemical Suppressant as Received: % by

(weight or volume)
Frequency of Appiication: As needed . |

Basis for Frequency of Application: Operated if natural rainfall does not provide 1/4 in. of water

Method of Application (i.e., sprinkler system): Spray system

No. of Spray Nozzles in Operation: 6 Type of Spray Pattern Generated: Overlapping half circlgs
Make of Spray Nozzle(s): Johns-Manville Model No.(s): 886G2E ‘
Nozzle Capacity: _100.4 gpm @ 60 psig ‘
Spray Angle: _Std. 26°, can tilt to 30 to 35° Maximum Area of Coverage of Spray Pattern: h0,700 ft2
{continued)
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TABLE €-10. (concluded)

- Designer of Sprinkler System: Address: P.0. Box 96120, Houston, Texas 77013

Armco, Inc.

Phone No.: (713) 960-6020 ‘ Est. Life Expectancy of System: 20 years

Total Capacity of On-Site Chemical Storage: _N/A gal. No. and Capacity of Storage Tanks: _1 - 10,000 gal.
Cost of Concentrated Chemical Dust Suppressant Delivered to Your Plant: _§ N/A /gal.
Capital Cost for Storage Tanks: $5,000 in 1975 dollars

. (year of purchase)
(installed cost for underground concrete tank)

Capital Equipment Cost for Method of Application: _$72,200 in 1975 dollars
(year of purchase)

(instailed cost for storage tank, pumps, controls, piping, motors, and spray system)

Approx. Annual Operating and Maintenance Cost of Treatment: $8,600 in 1980 dollars (estimated)

Maintenance Problems Encountered (i.e., freezing, clogging): _Freezing, plugging

source of Water: Cooling water blowdown Degree of Water Treatment:  None
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TABLE C-11. MISCELLANEOUS GPERATION/DESIGN AND COST DATA FOR APPLICATION-OF CHEMICAL DUST
' SUPPRESSANT TO STORAGE PILES -

Name of Company: Bethlehem Steel Location of Plant: Burns Harbor, Indiana

Type of Material in Storage (e.g., coal, pellets): Coall Surface Area of Storage Pite: 2 f2

Is Stated Surface Area Projected Area or Actual Area: 2

Average Daily Material Throughput: '1,0001 tons/day Average Material Reserve: 88,000 tons
Treatment Methods: '
Watering: Chemical Suppressants or Binders: X Other:

(spacity)
Type(s) of Chemical(s) Used: (check one or more as applicable)
Lignin Sulfonate: Petroleum Resins: Salts: Wetting Agents:
Other: _X (latex binder)

(specify)

Trade or Chemical Name(s) of Dust Suppressant(s) Used (if any): Dow Chemical M~167 Chemical binder

Type of Dilueni(s) Used (if any): Water

Application Rate: _2 ga). of _% % solution per ft2 of surface treated

Dilution Ratio: 55 parts of chemical to _2,000 parts water
' (type of diTuent)

Concentration of Chemical Suppressant as Received: 100 % by weight
(weight or volume)

Frequency of Application: Once per week

Basis for Frequency of Application: _Subjective evaluation of effectiveness

Method of Application (e.g., sprinkler system or mobile distribytor truck: Mobile distributor (spray) truck

Area Treated Annually: _% acres/year

No. of Spray Nozzles in Operation: 3 Type of Spray Pattern Generated: _3_

Make of Spray Nozzle(s): 3 Mode1 No.(s): _3

Nozzle Capacity: _3 gpm @ _3 psig ‘
Spray Angle: _3 ° Maximum Area of Coverage of Spray Pattern: _f_§ft2
Designer of Sprinkler System: 8 Address: 3 ' |
Phone No.: ( ) 8 Est. Life Expectancy of System: _% years

Total Capacity of On-Site Chemical Storage: _4 gal. No. and Capacity of Storage Tanks: 1

Cost of Concentrated Chemical Dust Suppressant Delivered to Your Plant:  $4.40 /gal. (chemical)
[} /gal. (freight)

Gallons of Chemica) Delivered per Shipment: 1,100 to 2,200 gal,
Gallons of Chemical Delivered per Year: 13,200 gal.S

Capital Cost for Storage Tanks: $% in 4 dollars
(year of purchase)

(continued)




TABLE C-11 (concluded)

‘Line Items Included in Capital Cost for Storage Tanks:
4 for tanks
$ 3 for installation labor

—_— .
$ for acctessories
eee——

$ for other

Construction Material for Storage Tanks (e.g., concrete or metal): 1
Is Storage Tank Above or Below Ground: A 1s the Tank Heated: _4

Capital Equipment Cost for Method of Application (e.g., distributor truck): §$ 3 in 8 dollars
(year of purchase)

Capacity of Distributor Truck: _* gal.

Annual Operating and Maintenance Cost of Treatment:

$ & in & dollars
(year)
$ 3 per treated acre

——
$ per actual acre
Major Maintenance Problems Encountered (e.g., freezing, clogging): 3

———

Source of Water: Lake Michigan Degree of Water Treatment: Removal of solids by screening and straining

1 The reported information is applicable to low volatile coal.

2 This information is not readily available.

3 The mobile distributor truck used to apply dust suppressant solution to low volatile coal piles is owned
and operated by Correct Maintenance Corporation (CMC), 2000 Dombey Road, Portage, Indiana (219/762-2167).
Reportedly, technical information concerning this vehicle is considered to be confidential by CMC.

4 Dust suppressant material is received and stored in 55 gal. drums.

$ Volume purchased during the period July 1980 through August 1981.

€ This information is considered to be éonfidentia1 by Bethlehem.






