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1.0 INTRODUCTION 

1.1 SUMMARY OF TEST PROGRAM 

The U. S. Environmental Protection Agen (EPA), Office of Air Quality 
Planning and Standards (OAQPS), Emission Inven y Branch (EIB) is responsible 
for developing and maintaining air pollution ssion factors for industrial 
processes. EIB is presently studying the ston rushing industry. As part of 
this work, EIB sponsored PM10 particulate emiss tests at Martin Marietta 
Corporation's facilities in Raleigh-Durham and er, North Carolina. The 
specific sources tested were the tertiary crus r at the Garner plant and a 
Deister vibrating screen at the Raleigh-Durham p t. This report concerns only 
the Deister vibrating screen tests. A separate ort presents the test results 
at the tertiary crusher. 

The PM10 emission factor test procedures developed and-conducted by 
Entropy Environmentalists, Inc. (Entropy). The E on Measurement Branch (EMB) 
of EPA supervised the test program. 

The Deister vibrating screen emission e conducted using a track- 
mounted hood system. The hood has dimensions of feet by 2 feet and was mounted 
12 inches above the upper screen deck of the reen. The small scale and 
the mounting position of the hood ensured th rmal PM10 emissions were not 
significantly influenced by the presence of th The capture velocity in 
the hood was set by adjusting the variable s motor of the tubeaxial fan 
installed on the hood outlet duct. The hood velocity was selected based 
on observations of the fugitive dust captu cteristics of the hood. A 
constant gas flow was used throughout the tes This testing approach 
is an adaptation of the conventional "roof mon ring" technique for fugitive 
emission testing. 

The PM10 emissions wer The tests were 
divided into two sets: ston reater than 1.5%, and stone 
moisture levels less than 1.5%. These criteria on limited data 
concerning moisture requirements of wet suppress fugitive dust'**. 
It was necessary to operate a continuously ical station next 
to the Deister to characterize the wind speed a direction during the tests. 
A set of two ambient PM10 monitors was operated he upwind side of the Deister 
screen in order to determine the ambient leve entering with the wind. The 
observed PM10 emission levels were adjusted to a unt for the PM10 levels caused 
by other sources in the facility and in The results of the 
PM10 tests are summarized in Table l-l. 

TABLE l-l. 

PM10 Emissions, Pou/ids/Ton' 

Dry Stone (< 1.5%) 0.00618 (Without Control) 
Wet Stone (> 1.5%) 0.00054 (With Controls) 

'Based on total stone feedrate from surge pile. 
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The emission rates determined during both ies of tests on the Deister 
screen were low. These data are entirely nsistent with the general 
observations of the plant operation and with the visible emission conditions 
during all of the wet stone tests. Stone samples ained during each tests were 
also analyzed and found to have very.10~ levels material below approximately 
70 microns. 

1.2 KEY PERSONNEL 

The U. S. EPA EIB Project Manager for this reject was Mr. Dennis Shipman. 
Mr. Solomon Ricks served as the U. S. EPA EMB ct Manager. Mr. Dennis 
Holzschuh provided technical assistance to Mr cks. The Entropy Project 
Manager was Dr. John Richards, P.E. He was assis by Mr. Todd Brozell and Mr. 
Bill Kirk. Mr. Horace Wilson and Mr. Steve Witt Martin Marietta coordinated 
testing schedules with the plant personnel a provided operating data. A 
summary of the key personnel and their phone nu rs are provided in-Table l-2. 

TABLE l-2. KEY PERSON1 

U. S. Environmental Protection Agency 
Emission Inventory Branch 

l Mr. Dennis Shipman 
Emission Measurement Branch 

l Mr. Solomon Ricks 
l Mr. Dennis Holzschuh 

Martin Marietta Corporation, Inc. 
l Mr. Horace Wilson 
l Mr. Steve Witt 

Entropy Environmentalists, Inc. 
l Mr. John Richards 
l Mr. Todd Brozell 
l Mr. Bill Kirk 

IEL 

Telephone Numbers 

919) 541-5477 

919) 541-5254 
919) 541-5254 

919) 781-4550 
919) 781-4550 

919) 781-3551 
919) 781-3551 
919) 781-3551 



2.0 PLANT AND SAMPLING LOCATIJN DESCRIPTION 

2.1 PROCESS DESCRIPTION AND OPERATION 

The Raleigh-Durham plant produces crushed ite used for construction and 
road paving. Figure 2-1 is a flowchart of t ortion of the Raleigh-Durham 
plant relevant in this project. The figure s prepared based on a drawing 
labelled "Plant 632 Flow Diagram" provided by rtin Marietta. 

Rock blasted from various locations in e quarry is trucked (stream 1) 
to a primary crusher. A large surge pile is u d to provide a steady flow of 
stone to the plant processing equipment locate adjacent to the quarry. An 8 
foot by 420 foot conveyor (stream 3) is us o deliver the stone to the 
vibrating deck above the secondary crushers. n Marietta monitors the stone 
feed rate from the surge pile by means of a load 11 type weigh be1 t scale near 
the discharge end of this conveyor. This instru t is used as the indicator of 
plant production rates. Normal production rates 
hour. 

The scalping screen serving the secondary 
inch material produced during blasting or durin 
than 1.5 inch material is conveyed (stream 4) to 
sold as product. Typical stone flow levels in st 
per hour by Martin Marietta personnel. 

Two cone-type secondary crushers reduce 
material received from the surge pile. Stone 
ranges in size from 6 inches to relatively small 
both secondary crushers discharges onto a convt 
tertiary crusher inlet. The tertiary crusher dis 
discharges onto this conveyor (now labelled stre 
crusher discharge, the main feed conveyor (strea 
production with the exception of the fines disct 
The main feed conveyor stream passes through a tr 
stone to the top of the structure housing the De 
Omnicone tertiary crusher. The stone flow to tt 
crusher is termed "closed circuit" since oversizes 
adherin 9 to the surface can recirculate thro 
crusher . 

At the conveyor discharge point, the ston 
which lead to the East and Vest screens. In ordl 
weigh belt scale as a production rate monitor, I 
rate to the Deister screen being tested by co1 
sample of stone at a point just upstream of the I 
Figure 1 is the conveyor (stream 10) monitoring 

The Deister decks are 7 feet wide by 20 fee 
degree slope. There are three vertically stacks 
mesh opening of 1.125 square inches, for the f 
opening of 1 square inch for the last 8 feet of tr 
opening of 0.58 square inches and the lower de 
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range from 500 to 700 tons per 

crushers removes less than 1.5 
1 primary crushing. This less 
3 separate storage pile and are 
ream 4 are estimated at 80 tons 

the size distribution of the 
eaving the secondary crushers 
particles. The material from 

yor (stream 9) leading to the 
charge stream (stream 16) also 
Lm 10). Following the tertiary 
1 10) contains all of the plant 
arge stream discussed earlier. 
insfer station and delivers the 
ster vibration screens and the 
e Deister screens and tertiary 
material containing some fines 

rgh the Deister and tertiary 

? feed splits into two streams 
r to check the adequacy of the 
ntropy measured the stone feed 
letting and weighing a 2 foot 
onveyor discharge. Point B on 
location. 

t long and are inclined on a 20 
d decks. The upper deck has a 
irst I2 feet of travel and an 
avel. The middle deck has mesh 
:k has slot openings of 0.118 



P 

Oversized 

Tertiary 
Crusher 

Note: Process feed rates 
determined at points A and 6 

3684 l/Y2 Fyrre 2- 1. Sirn@fred flowchart Raleigh Durham plant. 



inches by 1 inch. Stone collecting on the middle and lower decks are combined as 
one product stream. Fine particles passing thrcugh all three decks collect as 
a separate process stream. Both of these sized product streams are designated 
together as "stream 17" in Figure Z-l. The oversized material remaining on the 
top screen goes to the inlet of the tertiary c-usher. The total quantity of 
oversized material entering the Tertiary crusher is estimated to be 300 to 400 
tons per hour. The stone feed rates to the two Deister screens were 
approximately equal during the tests. 

The plant operates approximately 200 days per year. The typical operating 
times are 7 a.m. to 5:00 p.m. each day. Total production quantities per year are 
approximately l,OOO,OOO tons. 

2.2 FUGITIVE DUST CONTROL 

Wet suppression is used for fugitive dust c 
screens. There are water spray nozzles located 
tertiary crusher (beginning of stream lo), at 
point, at the top of the stream conveyor above 
discharge chute near the top of the Deister 
nozzles are necessary to maintain wet conditions. 
to the Deister screen were off during the tests. 

of the Deister vibrating 
conveyor underneath the 

conveyor transfer 
screens, and on the 

Not all of these spray 
on the inlet chute 

Over-wetting of the rock can cause 
of the fines discharge chute underneath 
tests, the olant exoerienced no significant 

screen or blockage 
During these emission 

blinding conditions. 
However, the'wet stone condition tesi coupled ith heavy overnight rains on 
several test days caused some blockages of the f nes discharge chute. 

2.3 SAMPLING AND EMISSION TESTING PROCEDURES 

2.3.1 Fuqitive Emission Capture Systems 

Since there is not an air pollution control 
a fugitive emission capture system is needed to 1 
leaving the upper screen. Entropy considered thl 
in designing the fugitive emission capture system. 
capture systems during several site visits by En 
The alternative capture techniques which are gene 
emission sources include',': 

l Quasi-stack 
l Roof monitor 
l Upwind-downwind profiling 

The quasi-stack method involves the constru :tion of a temporary enclosure 
around the Deister screen and the installation of a duct and fan system for gas 
handling. Entropy rejected this approach primaril I because of the extremely high 
gas flow rates necessary. Observations of dust em ssions made during the pretest 
visits indicated that wind flowing across the 6- to 24-inch zone above the 
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device on the Deister screens, 
.apture the particulate matter 

criteria listed in Table 2-l 
Entropy evaluated alternative 

ropy and U. S. EPA personnel. 
*ally applied to fugitive dust 



Table Z-l. FUGITIVE EHIS 
SYSTEM DESIGN 

l The capture system should not create hi n-actual PM10 emission 
rates due to high gas velocity conditio the upper Deister 
screen, near the stone inlet chute, or ne the upper screen discharge 
chute. 

l The capture system should not create a si for PM10 emissions due to 
particulate losses. 

test crew or for plant personnel. 
plant process equipment. 

Deister side wall was 
the emission rates. 
wind speeds at the pl 

being caught in swirling g atterns and influencing 
To simulate the identical conditions for typical 
ant would require gas flow tween 

actual'cubic feet per minute (ACFM). Ductwork w 
13,200 and 52,800 

a diameter between 4 and 6 
feet would be necessary to carry this large gas at velocities where PM10 
losses would be minimized. Since the Deister vibr screen is on a relatively 
small platform 80 feet above the ground, this d work would have to be quite 
long and carefully supported. This approach wou be prohibitively expensive. 
Other disadvantages include: 

l It would be extremely difficult to si 
wind approach angles using make-up air. 

ual wind speeds and 

l An enclosure above the vibrating scre 
to equipment since rain and occasiona 
overhead conveyor could overweight th 

nts a risk to 

l An enclosure restricts plant operatio 
the vibrating screen 

l Construction safety risks are possibl 
due to the rotating equipment in rest 
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Based on the site visits, Entropy concl hat a quasi-stack approach 
similar to the one used at the Garner Plant ter y crusher (see the Entropy 
report dated February 7, 1991) was uneconomical potentially unsafe. 

Emission profiling techniques involve me ent of the increase in PM10 
concentrations as a gas stream passes over or aro d the source being evaluated. 
This is usually performed using ambient PM10 itors in upwind and downwind 
locations. Entropy concluded that this appr h was not applicable to the 
Deister screen at the Raleigh-Durham plant. The atform with the Deister screen 
had two separate units, only one of which was b Furthermore, there 
were a number of sources immediately upwind and d wind of the Deister screens. 
It would be impossible to isolate one or both of Deister screens from these 
nearby sources. These included: 

l Vehicle traffic around the tertiary 
l Tertiary crusher and secondary crusher 
l Various conveyors and stone transfer 
l Air traffic approaching and leaving 

The emission profiling approach was not actical due to the number of 
potential PM10 sources and their locations ne 

The roof monitoring approach of fugiti 
the most applicable technique available for t 
Durham plant. This involved the sampling at 
points above the surface of the emission sourc 
general procedure was necessary due to the la 
as the roof monitor and due to the swirling gas ows created by ambient winds. 
Accordingly, Entropy designed and installed a rack-mounted hood system for 
fugitive emission capture. 

The track-mounted hood system consisted of 2 foot by 2 foot aluminum hood 
suspended 12 inches above the upper deck of 
position of the hood above the stone is show 

Figure 2-2. Hood Asse bly 



This position was close enough to ensure go on capture but not so close 
that the entering air stream caused greater tual emissions. A variable 
speed DC-driven tubeaxial fan controlled the velocity of the air entering 
the hood. This velocity was set at 150 feet per nute based on the hood capture 
characteristics observed using smoke and 1 ght strips of fabric. This 
velocity is higher than the 50 feet per mi inimum velocity specified in 
reference 9 for vibrating screens. 

Two side views of the hood are shown 2-3 (Next Page). One side 
of the hood opening angled 20 degrees to ma he Deister screen. 
The duct carrying the air and particulate a one radius 90" turn and 
was attached to a flexible duct leading to the ssion sampling location. The 
hood and support rails were supported on a ca anned the Deister 
screen. One side of this carriage is shown in uring the emission 
tests, the carriage moved downward along th s also shown in Figure 2-4. 
The side rails were attached to four sets ing erected at>each corner 
of the Deister. 

The top area of the Deister screen d into a 3 by 9 array of 
sampling locations, each of which was 2 feet by feet in size. The only area 
not sampled was the Z-foot strip across nlet side of the Deister 
screen. Traversing this area was not possible to the presence of the inlet 
chute and the stone flow pattern approaching t 

Figure 2-4. 
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Figure 2-5. Flexible Due 
t 

System 

Entropy sized the ductwork from the hood t 
average gas flow rate less than 1000 feet per mi 
is well below the 3500 to 4500 feet per minute v 
ductwork in stone crushing plants and other faci 
dusts'? The purpose of the high velocities 

! 

in 
that dust does not settle and accumulate in the d 
The flexible duct system is shown in Figure 2-5. 
problem during this study since the hood operatic 
and the flexible duct was cleaned regularly. - 
velocity limit is advantageous since this limits 1 
than 10 microns on the side walls of the hood el 
flexible duct. Also, the low transport velocity 1 
which does settle in the flexible duct. 

2.3.2 PM10 Emission Testins Procedure 

EPA Reference Method 201A was used to monit 3r the PM10 emissions from the 
Deister screen. The complete sampling train s shown in Figure 2-6. This 
consists of: (1) a sampling nozzle, (2) a PM10 sam Iler, (3) a probe and umbilical 
cord, (4) an impinger train, and (5) flow control system. Due to the relatively 
small duct and the constant sample gas flow r ites set using the DC-driven 
tubeaxial fan, the "S"-type pitot tube was not mou lted on the PM10 sampler probe. 
Gas velocities were determined prior to the emis ion tests. 

Particulate matter larger than 10 microns i 
cyclone located immediately downstream of the 
smaller than 10 microns is collected on the outlet 
downstream glass-fiber filter. A disassembled F 
Figure 2-7. 
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I the sampling location for an 
lute. This transport velocity 
locity used to size commercial 
ities handling large diameter 
commercial ducts is to ensure 
ctwork over long time periods. 

Dust accumulation was not a 
ig times were relatively short 
he 1000 feet per minute duct 
he impaction of particles less 
bow and the side walls of the 
mits any reentrainment of dust 

I diameter is collected in the 
ampling nozzle. Particulate 
tube of the cyclone and on the 
410 sampling head is shown in 



I I PINCEi7 TRAIN ~“CI-L” 
i, 

Figure 2-6. 

The cyclone and filter system used in this dy met the design and sizing 
requirements of Section 5.2 of Method 201A. gas flow rate through the 
cyclone was set based on the orifice pressure h equation provided in Figure 
4 of Method 201A. The gas flow rate was kept c ant throughout the emission 
test program. 

PM10 sampling was performed in a l-foot di ter smooth wall duct mounted 
horizontally across the elevated platform housin he Deister vibrating screen. 
The 1 foot diameter duct was connected to the ible duct leading from the 
track-mounted hood. The 4-inch diameter samp 
downstream of the flexible duct corm 

port was located 10 feet 
tream of the fan. Four 

traverse points in the horizontal 
vertical direction across the duct 
cyclone could be resuspended and pa 
nozzle assembly were mounted within the duct du 
was used around the filter to keep tempera 
Fahrenheit above the stack temperature. 
blinding due to moisture condensati 

Sampling in the 
collected in the 
The cyclone and 

A heating mantle 
tely 50 degrees 
to avoid filter 
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Figure 2-7. Dissassembled PM1 

9 

Sampling Head __ 

The particulate samples were recovered using the 
201A. 

rocedures specified in Method 
The sample recovery scheme is illustrated in Figure 2-8. The material 

from the filter, cyclone outlet tube, and filter 'nlet housing were combined to 
determine the total PM10 catch weight. 

I 

Nozzle and 
Cyclone Body 

Brush and 
Rinse with 
Acetone 

Container 1 

Archive 
Sample 

Cyclone Outlet Filter 
and Filter Inlet Outlet 

Housing Housing Impingers 

I -I- -T- 
Brush and Rinse 2x Measure 
Rinse with with DI Impinger 
Acetone Water Contents 

Container 2 Con:.ainer 3 

Clean Discard 

Acetone and 
Weigh Solids 

I 
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2.4 MONITORING OF PROCESS OPERATING CONDITIONS 

There are a number of process variables an 

4 

weather conditions which could 
conceivably influence PM10 emission rates from he Deister screen3*': 

Stone moisture level 
Ambient wind speed 
Wind direction 
Stone size distribution 
Stone silt content 
Deister stone feed rates 
Stone type (breaking characteris 
Stone hardness and density 

its) 

All of these variables wit 
using a combination of plant instrume 
sample analyses. Stone type was not 
stone processed at this plant. 
future analyses if necessary. 

stone type were monitored 

2.4.1 Stone Moisture Level 

A stone sample was removed during each the emission tests. In most 
cases, this sample consisted of a 2 linear foo sample of stone from the main 
conveyor feeding the Deister screen. stopped by plant personnel 
for approximately 5 minutes to permit the Entro test crew to remove the stone 
sample. The sample was placed in a sealed plas Each sample weighed 
more than 120 pounds. 

A sample was selected for analysis by p ing the stone in a pile and 
dividing it into four quadrants. The quadrant ra mly selected for analysis was 
further subdivided in quadrants until the le quantity was less than 
approximately 2 pounds. This sample was then hed and heated in an oven at 
a gas temperature of approximately 250 degre 
during heating was calculated and re 

2.4.2 Wind Speed and Direction 

An Entropy-supplied weather station was mo 
above the Deister screens. Data were recorded o a dedicated microcomputer on 
a minute-by-minute basis. This system was n cessary since wind speed and 
direction strongly influenced visible dust emissi 
weather station at the airport (located 

i 

nted on the platform directly 

n rates. Data provided by the 
approxim tely 2 miles to the west) were 

not entirely representative of the localized win conditions. The location of 
the weather station sensors is shown in Figure 2-9. 

2.4.3 Ambient PM10 Levels 

Two ambient PM10 monitors were operated irectly upwind of the Deister 
screen. These were operated only during the time periods that PM10 emission 
sampling was in progress. The ambient air flow 

1 

ates through the samplers were 
calibrated 

1’) 
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Figure 2-9. Location of Meteor Station 

calibrated using an Airdata micromanometer. Th filters were weighed 
and PM10 levels during the test were calculated. The locations of the two 
ambient PM10 samplers are also shown in Figure 2 

2.4.4 Stone Size Distribution and Silt Content 

Samples of the stone obtained during the te see Section 2.4.1) were used 
to determine the size distribution and silt con One of the initial sample 
quadrants not used for moisture analysis was fur subdivided for analysis by 
ASTM sizing screens. A sample of approximately nds was loaded into the top 
pan. The screens used included: 

l 1.5 inch screen 
l 0.75 inch screen 
l No. 4 screen (mesh opening 0.187 
l No. 20 screen (mesh openin 
l No. 100 screen (mesh opening 0.0 
l No. 200 screen (mesh opening 0.0 
l Bottom pan 

The loaded ASTM screens were placed in a ker and processed for 
10 minutes. The weights of stone remaining on ch of the screens were then 
determined by subtracting the screen tare weig e loaded weights. 

The data provided by the ASTM sizing scree provided information on the 
"as-sampled" stone size distribution. this analysis, of the ASTM 
screens with sample was placed into an oven and ed to 250°F until dry. Then 
the ASTM screens were restacked and shaken for The dry weights per 
screen were then used as an indication o content of the stone 
which could conceivably be released while the s ne is being processed on the 
Deister screens. 

14 



2.4.4 Stone Processinq Rates 

The stone processing rate of the Deister SC en has been defined by Entropy 
as the total quantity of stone produced by t nt minus the fines removed 
prior to the secondary crusher. The actual quan es of stone passing through 
the Deister are considerably higher than this v since all of the oversized 
material remaining on the top deck of the Deister s sent to the tertiary crusher 
and then returned to the Deister screen. tities of stone in stream 10 
shown Figure 2-l are approximately 60% higher the quantity in stream 3 due 
to this recycle loop. This recycle estimate based on measurements of the 
stone feed rates on the top conveyor disch stone to the two Deister 
screens. 

The secondary feed weigh belt scale has be chosen as the basis for the 
production rate definition since these data are st readily available at other 
stone crushing plants. Furthermore, this va most representative of the 
total quantity of fines passing through the Deist The disadvantage of 
this definition is that it creates emission fat values in pounds per ton of 
stone, which are higher than would be calculat if the production rate were 
based on the total feed rate. 

The stone processing rate calculation at Raleigh-Durham plant tested 
during this study is further complicated by the sence of two Deister screens 
operated in parallel. Because of the configurate of the equipment there is no 
quantitive means to determine the separate stone w rates to each. Entropy has 
based on emission factor calculations of a 50%- split based on observations 
during the emission tests. 
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3.0 TEST RESULTS 

3.1 OBJECTIVES AND TEST MATRIX 

The objective of this test program was 
factors for a Deister vibrating screen at a s' 
program concerned both wet and dry stone condil 
included the following: 

l Capture the PM10 emissions from the Dei 
without significantly affecting the emi 

l Determine the PM10 emission concentrati' 
Reference Method 201A. 

l Calculate the total PM10 emission rates 
gas flow rates and the Method 201A emis 

l Measure the stone moisture content, sto 
distribution, stone silt content, wind 
and ambient PM10 concentrations. 

Table 3-l presents and sampling and analyt 
the testing at the Martin Marietta Corporation 

3.2 FIELD TEST CHANGES AND PROBLEMS 

Entropy had originally planned to use th 
weights and conveyor speed to calculate the sl 
However, during the initial tests at the plant, 
the stone quantities and characteristics varied cl 
short time periods. Accordingly, a single 2 1 
approximately 0.3 seconds of feed time was not nE 
average conditions throughout the 1 hour to 6 ho 
Entropy based the production rate estimates on th 
the plant's weigh belt scale rather than the si\ 
conveyor samples. 

During most of the tests, the facility exp 
production interruptions. Most of these resul 
chute directly below the Deister screen. On I 
extended plant outage due to failure of one of 
The Method 201A sampling trains were shut down 
Sampling resumed approximately 2 to 5 minutes af 
characteristics returned to normal conditions. . 
production rates can be determined by examining 
charts reproduced in Appendix A to this report. 

determine the PM10 emission 
ne crushing plant. The test 
3ns. The specific objectives 

er vibrating screen 
ion rate. 

s by means of EPA 

sing the known hood 
on concentrations. 

feed rate, stone size 
eed, wind direction, 

al matrix and sampling log for 
leigh-Durham plant. 

conveyor No. 5 stone sample 
ne feed rate to the Deister. 
: became readily apparent that 
siderably even over relatively 
lear foot sample representing 
zssarily representative of the 
u emission test. Accordingly, 
continuous data available from 
le, short term value from the 

‘ienced a number of short term 
d from pluggage of the fines 
cember 20, 1991 there was an 
e two secondary crushers. 
lring all production outages. 
!r production rates, and stone 
e times and durations of these 
he weigh belt scale recording 



Run 
No. 

TABLE 3-l. SAMPLING M 

Test Date Time Tesl 
Type 

1 Dry 

Dry 

Dry 

Wet 

5 Wet 

6 Wet 

12-17-91 

12-19-91 

12-19-91 

12-20-91 

01-02-92 

01-06-92 

,TRIX 

Method Sampling 
Location 

12:30 Methot 
13:20-14:33 Methoc 
14:20 Stone 
12:30-15:00 Ambier 
13:00-15:00 Wind ( 

12:20-13:47 Methoc 
11:57-15:35 Ambier 
12:20-15:32 Wind ( 

14:05-15:17 Methoc 
11:57-15:35 Ambier 
12:20-15:32 Wind t 
16:lO Stone 

10:40-13:28 Methoc 
10:20-14:00 Ambier 
10:40-13:28 Wind ( 
14:45 Stone 

08:48-15:34 Method 
08:55-15:45 Ambienl 
08:48-15:34 Wind Cc 
14:20 Stone ! 

08:11-14:50 Method 
08;05-14:35 Ambieni 
08:12-16:37 Wind Cc 
10:50,13:28 Stone ! 

2 
201A 

Sample 
t PM10 
lnditions 

201A 
t PM10 
lnditions 

201A 
t PM10 

During the first test conducted on December 
plant, Entropy attempted to use a small movable ! 
mounted hood. The scaffold was designed to minimi; 
had to be hoisted to the platform and ensure thl 
limit access of plant personnel to the Deister SC 
it became apparent that the hood positioning was 
some safety problems were possible. Accordir 
approach. 
tested. 

On December 18, the scaffolding and car 
This approach worked well during the ren 

Electrical supply problems occurred during 1 
testing at the plant. The 110 VAC outlets at the 
December 17, Entropy rented and installed a pa 
provide 110 VAC power to the sampling train, the 
weather station. 
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nditions 
ample 

201A 
PM10 

nditions 
ample 

201A 
PM10 

nditions 
ample 

201A 
PM10 

nditions 
amples 

Outlet Duct 
Outlet Duct 
Conveyor 5 
Deister Platform 
Deister Platform 

Outlet Duct 
Deister Platform 
Deister Platform 

Outlet Duct 
Deister‘ Platform 
Deister Platform 
Conveyor 5 

Outlet Duct 
Deister Platform 
Deister Platform 
Conveyor 5 

Outlet Duct 
Deister Platform 
Deister Platform 
Conveyor 5 

Outlet Duct 
Deister Platform 
Deister Platform 
Conveyor 5 

17, 1991 at the Raleigh-Durham 
caffold to suspend the track- 
e the amount of equipment that 
t the test equipment did not 
seen. During this first test, 
difficult to control and that 
9lY9 Entropy abandoned this 
-iage system was installed and 
ainder of the tests. 

he initial set-up phase of the 
plant were not energized. On 
rtable electric generator to 
mbient PM10 monitors, and the 



3.3 TEST RESULTS 

3.3.1 Stone Moisture Content 

The stone moisture levels for the Deister 
presented in Table 3-2. The moisture criteria 
dry condition 

p 
- less than 1.5%, and wet conditic 

1.5%. These values are basically consistent wi 
number 6 had a value outside of this range. The 
1.22% in run 6 did not have a significant imp; 
results. 

During the emission tests, the stone co1 
evaluate moisture levels. Short term changes in 
by a shift from grey to white. These variation 
condition tests, but they could not be quantifiec 
obtain a representative stone sample. 

TABLE 3-2. STONE MOISTURE 

Date Conditions Test 

12-17-91 
12- 19-91 
12-19-91 

Dry 
Dry 
Dry 

: 
3 

Avl 

12-20-91 Wet 4 
01-02-92 Wet 5 
01-06-92 Wet 6 

Av 

Stone moisture levels were controlled by 
certain water spray headers in the process. Duril 
spray nozzles on the outlet of the tertiary crust 
the spray header on the conveyor No. 5 transfer pa 
from the transfer point header was not uniformly 
layer. The main pipe leading to the nozzles at' 
recent cold weather and all of the water flow was 
of the spray nozzles. Accordingly, there was a sit 
stone moisture levels on the conveyor approachi 
variation is not addressed in the average values 
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110 emission factor tests are 
Iposed in the Test Plan were: 
s - equal to or greater than 
7 these criteria. Only test 
lightly low moisture level of 
t on the PM10 emission test 

r was used to qualitatively 
itone moisture were indicated 

occurred in all of the wet 
because of the time needed to 

LEVELS 

loisture Content 
(% weight) 

0.21 
0.61 
0.61 

'age 0.48 

1.96 
1.52 
1.22 

-age 1.57 

he plant personnel operating 
I the wet condition tests, the 
r (stream 10, Figure 2-l) and 
It were used. The water spray 
distributed across the stone 
his point had cracked during 
coming from the crack instead 
!-to-side nonuniformity in the 
J the Deister screens. This 
Iresented in Table 3-2. 



Moisture content is a strong function of the stone size distribution. 
Essentially all of the moisture present in a given stone sample is present in the 
small size ranges having high surface areas. --his is indicated in Table 3-3 
concerning the moisture levels in selected size ranges for a sample taken during 
test run 6. 

TABLE 3-3. MOISTURE CONTENT OF SIZE FRACTIONS 
(DECEMBER 19, 1991 SAMPLE) 

Size Per+nt Moisture 

> 1.5 inches 0.0 
> 0.75 inches 0.05 

No. 4 0.22 
No. 20 1.4 
No. 100 4.3 
No. 200 8.4 
Pan 7.2 

Weighted Average 0.524 

3.3.2 Wind Speed and Condition 

Ambient wind speed and direction are two of the variables influencing the 
PM10 emission rates. As part of the Test Plan, Entropy established the following 
basic criteria applicable to the wind conditions: 

l Wind speeds should be less than 15 mph 
l Winds should not be from the east 

The wind direction is important since the Deister screen was tested only 
7 feet to the west of a Deister screen operatins in parallel. A easterly air 
flow could cause higher-than-actual PM10 emission data. The 15 mph limit was 
proposed since higher winds are not typical of this geographical area. 

The wind speed and directional data obtained from the meteorological 
station above the Deister screen are presented in able 3-4. The conditions were 
generally well within the Test Plan criteria. There were some short term wind 
gusts above 15 mph on December 19; however, the average velocity was well below 
15 mph during each hour of testing. On January 1992, there were some short 
term periods of easterly wind; however, average values were from the 
east during only one of the 6 hours of this test run. Entropy concluded that the 
weather conditions satisfied the Test Plan criteria. 
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TABLE 3-4. 

WIND SPEED AND DIRECT IN, 
TERTIARY CRUSHER ENCLOSUF TESTS 

Date Time Wind Hourly 
Direction Averag 

Wind S 

12-17-91 

12-19-91 

12-20-91 

01-02 

01-06-92 

14:20 NW 9.5 15.5 
14:33* W 9.3 14.2 

13:20 
14:20 
15:20 
15:32* 

11:40 WNW 
12:40 NW 
13:28* N 

09:48 
lo:48 
11:48 
12:48 
13:48 
14:48 
15:34* 

09: 12 
10: 12 
11:12 
12:12 
13:12 
14:12 
15:12 
16:12 
16:37* 

NW 10.0 
W 9.6 

iTi ::: 

S 

: 

!NW 
SW 
S 

: 2; 
S 2.6 
S 0.9 
wsw 0.5 
N 1.4 
NE 3.2 
N 1.6 
SW 0.2 

i-: 
0:7 

0.7 
1.1 

::: 
2.4 
2.7 
1.8 

Notes: 1 - Hourly averages for time 
time shown. 

2 - Meteorological station t 
run, hour not completed 

3.3.3 Ambient PM10 Concentrations 

The ambient PM10 concentrations were monii 
Anderson PM10 Hi-V01 samplers. These instrument: 
for particles greater than 10 microns followe 
analyzers were located on the southwest corner of 
location, they indicated the PM10 levels in the 
entraining particulate from the screens. 
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eed 

Peak 
Wind 

17.7 
17.1 
13.1 
12.6 _ 

::i 
2.6 

3.8 

:*i 
4:3 
5.9 
5.8 
5.0 

i-t 
6:8 
3.1 
3.8 
6.7 

t:; 
1.2 

period ending at 

rned off at end of test 

red by means of a set of two 
have a cyclonic pre-collector 

by a back-up filter. The 
:he Deister platform. In this 
air entering the Deister and 



These analyzers were turned on immediately prior to the emission test and 
turned off at the conclusion of the test. The PM10 concentrations were 
calculated by dividing the filter catch weights by the total standard cubic feet 
sampled during the on-line time. 

The ambient PM10 levels presented in Table 3-5 are relatively high. This 
is due to (1) the heavy airplane traffic through rear-by Raleigh-Durham airport, 
(2) an adjacent asphalt plant, and (3) vehicle traffic on a major highway (U.S. 
Route 70) approximately 0.5 miles from the Deister platform. 

AMBIENT PARTICULATE CONCE 

Time 
Start Stop 

HiVol#2 
lug/ft3 mp3. 

12-17-91 12:30 15:00 16.5 582 25.9 914 
12-19-91 11:57 15:35 12.6 445 N.D.' - 
12-20-91 10:20 14:oo 17.6 621 14.9 526 
01-02-92 08:55 15:45 7.1 251 23.1 816 
01-06-92 08:05 14:35 N.D.2 - 36.7 1296 

Notes: 1 - Filter damaged 
2 - HiVol not 

3.3.4 Stone Production Rates 

pri 
The Deister (west unit) stone processin 

2-1 
marily on the data provided by the plant's wei 
1. The total stone production rate through the Deister screens-tertiary 

crusher circuit was divided in half based on th 
screens received equal stone loadings. The total 
was calculated by multiplying the average sto e 
duration of the emission data. 

: 

rates were calculated based 
h belt scale (stream 3, Figure 

assumption that both Deister 
recessing rate during the test 

production rate times the 
The hour-by-hou 

calculated stone production rates during the tes 
production rate data and the 

s are presented in Table 3-6. 

TABLE 3-6. STONE PRODUCTIbN DATA 

Date Test Condition West D ister 
Proces f ing Rate, Tons 

12-17-92 
12-19-92 
12-19-92 
12-20-91 
01-02-92 
01-06-92 

Dry 243 
Dry 214 
Dry 218 
Wet 672 
Wet :.,254 
Wet I.,467 



3.3.5 PM10 Emission Factors 

The PM10 emission factors were calculated in 
illustrated in the example calculation of Appendi 
on the filter, in the cyclone outlet tube, and iI 
weighed and added to yield a total capture weight. 
standard cubic feet of gas sampled to determii 
particulate matter in the gas sampled. This con 
amount equivalent to the ambient PM10 emissions. 
since the air responsible for entraining the PM10 1 
entered with a moderate concentration of PM10 m 
This adjustment was approximately 5 to 30% of the 

The total PM10 emissions were determined b: 
flow rate (standard conditions) of the hood-fan 
sampling locations. The total gas flow rate 
multiplied by the measured PM10 concentration to 
rate. 

The data are expressed in pounds of PM10 per 
the west Deister screen. The production rate was 
scale and averaging the data for the period of the 
that both of the Deister screens receive an equa' 
noted that the stone load-ing calculated in this n 
stone quantities moving through the Deister screen 
the recirculation of oversized material to the tr 
the Deister screens. The quantity of recycle 
difficult to monitor. 

The measured PM10 emission factors are press 
values for the wet tests are approximately a facto 
for the dry tests. This is consistent with gem 
emission tests. During the dry tests, there were 
the Deister screen. No visible emissions were a 
The extremely low emissions occurring during the 
photograph shown in Figure 3-1 which was taken d 
condition test. 

The emission factors measured during the e 
below previously reported emission factors for to 
difference is reasonable since stone crushing 
concentrations of large diameter particulate wher 
ambient wind speed is very high. The earlier t 
sources with baghouses for control. Therefore, w 
minimize emissions and the stone was probably very 
Entropy test crew observed that the visible em' 
levels when the wet suppression equipment was tu 
plant. 
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ccordance with the procedures 
B. The particulate captured 
the filter inlet housing was 
This value is divided by the 

? the concentration of PM10 
entration was reduced by the 
This adjustment was necessary 
articles on the Deister screen 
terial due to other sources. 
observed PM10 concentration. 

multiplying the constant gas 
system times the 28 separate 
'ram the Deister screen was 
field the total PM10 emission 

.on of stone processed through 
stimated using the weigh belt 
bmission test. It was assumed 
stone loading. It should be 
nner is lower than the actual 

These values do not reflect 
*diary crusher and back up to 
I oversize material is very 

lted in Table 3-7. The average 
of 10 below the average value 

oral observations during the 
slight visible emissions from 
parent during the wet tests. 
wet tests are indicated the 

ring the January 6, 1992 wet 

ission test program are well 
al particulate matter'. This 
processes can generate high 
the stone is very dry or the 
sts were mainly conducted on 
t suppression was not used to 
Jry (data not provided). The 
isions dropped to negligible 
ned on at the Raleigh-Durham 



The emission factors applicable to total em ssions cannot be compared with 
the PM10 emission factors. The PM10 fraction of the total particulate emissions 
should be relatively low since very high energy levels are needed to cause stone 
attrition to the 10 micron range. It is unlikely that the tertiary crusher and 
Deister screens were creating substantial quantikies of PM10 particulate. 

TABLE 3-7. DEISTER SCREEN PM11 EMISSIONS 

PM10 Emissio s; Pounds/Ton 
1 

Dry Stone (< 1.5%) 
Run 1 
Run 2 
Run 3 

Average 

Wet Stone (> 1.5%) 
Run 4 
Run 5 
Run 6 

Average 

.00175 

.01291 

.00389 

.00618 

.00065 

.00049 

.00050 

Note: All emissions have been adjusted for ambient levels. 

Figure 3-l. January 6th 
Test) 

23 

-..- ..-. 



The small quantities of fine stone particles is further indicated by the particle 
size distribution data. Stone samples from conveyor No. 5 (stream 3 of Figure 
Z-l) were analyzed using a set of ASTM screens. After the initial sizing 
procedure, the stone samples were dried on the ASTM screens, reshaken, and 
reweighed. The dry weights provide an indication of the total quantity of fine 
particulate matter present in the stone samples. 

TABLE 3-8. PARTICLE SIZE DIS-RIBUTIONS 

Fraction of Sample in Specified Range 

Size Range Test 2, Wet Test 3, Wet 
As Sampled Dried As Sampled Dried 

> 1.5 Inches 0 0 
> 0.75 Inches to 1.5 Inches 0.355 0.3 
> No. 4 mesh to 0.75 Inches 0.467 0.4 
> No. 20 mesh to No. 4 mesh 0.130 0.1 
> No. 100 mesh to No. 20 mesh 0.047 0.0 
> No. 200 mesh to No. 100 mesh 0.00026 0.0 
c No. 200 mesh 0 0.0 

As indicated in Table 3-8, the wet test con 
near negl igible levels of dust in the less than 1C 
which do not pass through a 100 mesh screen are a 

Following drying on the ASTM sizing screens, 
than 100 mesh and less than 200 mesh particle qua 
even in the extreme conditions of bone dry stone an 
of stone in the less than 200 mesh (< 70 microns) r 
fraction of stone in the less than 10 micron range t 
must be extremely small based on the stone sizing 

3.3.6 Stone Metals Content 

Several of the dried and reshaken stone sam 
content. The material analyzed consisted of the rn. 
are provided in Table 3-9. 

TABLE 3-9. STONE METALS CONTENT 

Date Test Metals Content, pg/g Pounds/' 
Condition Cd Ni Pb Cd 

12-19-91 Dry (3.85 19.2 30.6 1.9x11 

01-06-92 Wet (2.25 35.1 27.8 1.1x11 
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0 0 
4 0.122 0.110 
0 

FE: 
0.503 

9 
9 0: 129 

0.234 
0.086 

220 0 0.0254 
587 0 0.0410 

itions involved stone having 
) mesh size range. Particles 
proximately 140 microns. 

substantially larger of less 
tities were found. However, 
severe shaking, the fraction 

nge is relatively small. The 
Jring "as sampled" conditions 
data. 

les were analyzed for metals 
IUS 200 mesh solids. Results 

on 
Ni Pb 

-8 9.6x10s8 l5.3xlo-8 

-8 17.6x10-* l3.9xlO-8 



4.0 QA/QC ACTIVITIES 

4.1 QC PROCEDURES 

The specific internal quality assurance and ty control procedures used 
during this test program are described in this se Section 4.2 presents the 
field blank collection procedures. olumetric flow rate data 
collection are discussed in Section 4.3. discusses QA audits. QC 
procedures for particulate and percent presented in Sections 4.5 
and 4.6, respectively. described in Section 4.7. 
Data validation is dis 

4.2 FIELD BLANK 

Background levels of PM10 attributable the sampling system were 
determined by conductin formed at the Deister screen 
location at the Raleigh the elimination of the track 
mounted hood, procedures followed in Section 2.3.2. All 
applicable sampling equipment checks and procedu s recommended by Method 201-A 
were performed. The results of the blank r indicated that no solids 
accumulated in the duct, which contributes to rainment of PM10 particles or 
generation of PM10 particles. The field blan produced PM10 concentrations 
similar to the ambient PM10 levels monitored 

4.3 VELOCITY/VOLUMETRIC FLOW RATE DETERMINATION 

The QC procedures for velocity/volumetric fl rate determinations follow 
guidelines set forth by EPA Method 2. 

Flue gas moisture was determined 
Flue gas moisture content (B,,) was d 
moisture collected by the impinger 
The following QC procedures were foll 
collected: 

d 4 sampling trains. 
viding the volume (mass) of 
ized volume of gas sampled. 

volume of moisture 

0 Preliminary reagent tare we he nearest 0.1 g. 

0 The balance zero was check ssary before each 
weighing. 

0 The balance was leveled and nless environment 
for weighing. 

0 The indicating silica gel 

l The silica gel impinger gas temperature as maintained below 6B'F. 
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The QC procedures below were followed regar 
determination: 

The dry gas meter is fully calibrates 
approved intermediate standard. 

The gas meter was read to a thousandth 
and final readings. 

The meter thermocouples were compared 
run as a check on operation. 

Readings of the dry gas meter, meter 01 
temperatures were taken at every sampl. 

Accurate barometric pressures were recc 

Post-test dry gas meter checks were corn1 
the meter full calibration constant (VI 

The S-type pitot tube was visually ins1 

Both legs of the pitot tube were 1 
sampling. 

Proper orientation of the S-type pitot t 
measurements. The roll and pitch axis 
maintained at 90" to the flow. 

The pitot tube/manometer umbilical li 
after sampling for moisture condensate. 

Cyclonic or turbulent flow checks were 
source. 

An average velocity pressure reading 
instead of recording extreme high or l( 

Pitot tube coefficients were determinec 
techniques as delineated in Method 2. 

The stack gas temperature measuring 5; 
ambient temperatures prior to placemenl 

4.4 QA AUDITS 

Meterbox calibration audits were performed 
4.4. All of the equipment pre-test and post-test 
4-1. 
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ng accurate sample gas volume 

avery 6 months using an EPA 

a cubic foot for the initial 

th ambient prior to the test 

'ice pressure (&l), and meter 
1 point. 

led at least once per day. 

!ted to verify the accuracy of 

ted before sampling. 

k checked before and after 

le was maintained while making 
f the S-type pitot tube were 

s were inspected before and 

krformed prior to testing the 

lere recorded at each point 
values. 

pased on physical measurement 

:em was checked by observing 
n the stack. 

:cording to Method 5, section 
esults are presented in Table 



4.5 PARTICULATE/CONDENSIBLES SAMPLING QC PRO 

Quality control procedures for particulate s ing ensure high quality flue 
gas concentrations and emissions data. Flue ga ncentrations are determined 
by dividing the mass of analyte (particulate) lected by the standardized 
volume of gas sampled. Sampling QC procedures wh 
amount of the analytes are collected by the sam 

a The sampling rate is within 20 percent kinetic (100 percent). 
0 The probe and filter temperatures are ned at ~50°F ambient. 
l Only properly prepared glassware is us 
0 All sampling nozzles were be manufactu calibrated according to 

EPA standards. 
0 Filters are weighed, handled, and stor in a manner to prevent any 

contamination. 
l Recovery procedures are completed in a 
0 Field reagent blanks are collected. 

4.6 SAMPLE VOLUME AND PERCENT ISOKINETICS 

All sampling runs met the results accepta 
Section 6.3.5 of Method 201-A. The isokinetic 
summary of the sample volume and percent 

TABLE 4-1. I 

DEISTER TEST AVERAGE DELTA H AND IS 

Run No. Percent Isokinetic 

12-17-91, Test 1 90.7 

I/ 12-19-91, Test 2 I 83.0 

II 12-19-91, Test 3 I 83.9 

/I 12-20-91, Test 4 
I 87.6 

II 01-02-92, Test 5 
I 88.3 

01-06-92, Test 6 92.8 

4.7 MANUAL SAMPLING EQUIPMENT CALIBRATION PROCE 

4.7.1 Type-S Pitot Tube Calibration 

The EPA has specified guidelines concerning 
of an acceptable Type-S pitot tube. 
guidelines are met, 

If the spec 
a pitot tube coefficient 01 

pertaining to the design and construction of the - 
in detail in Section 3.1.1 of EPA Document 600/l 
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lity criteria as defined by 
es are within _+20 percent. A 
:s is presented in Table 4-l. 

KINETIC RESULTS 

I .617 

lURES 

;he construction and geometry 
fied design and construction 
0.84 is used. Information 

rpe-S pitot tube is presented 
-77-027b. Only Type-S pitot 



tubes meeting the required EPA specifications are used. Pitot tubes are 
inspected and documented as meeting EPA specifications prior to field sampling. 

4.7.2 Samplinq Nozzle Calibration 

Calculation of the isokinetic sampling rate requires that the cross 
sectional area of the sampling nozzle be accurately determined. All nozzles are 
thoroughly cleaned, visually inspected, and calibrated according to the procedure 
outlined in Section 3.4.2 of EPA Document 600/4-/7-027b. 

4.7.3 Temperature Measurinq Device Calibration 

Accurate temperature measurements are required during source sampling. 
Bimetallic stem thermometers and thermocouple temperature sensors are calibrated 
using the procedure described in Section 3.4.2 of EPA Document 600/4-77-027b. 
Each temperature sensor is calibrated at a mininum of three points over the 
ant i 
All 

cipated range of use against a NIST-traceable mercury-in-glass thermometer. 
sensors are calibrated prior to field sampli . 

4 Drv Gas Meter Calibration 

Dry gas meters (DGM's) are used in the sample i rains to monitor the sampling 

4.7 

rate and measure the sample volume. All DGM's are fully calibrated to determine 
the volume correction factor prior to their use in the field. Post-test 
calibration checks are performed as soon as possible after the equipment has been 
returned as a QA check on the calibration coefficients. Pre- and post-test 
calibrations should agree within 5 percent. -'he calibration procedure is 
documented in Section 3.3.2 of EPA Document 600/4-77-237b. 

Prior to calibration, a positive pressure leak check of the system is 
performed using the procedure outlined in Section 3.3.2 of EPA Document 600/4-77- 
237b. The system is placed under approximately 1C inches of water pressure and 
a gauge oil manometer is used to determine if a pressure decrease can be detected 
over a one-minute period. If leaks are detected, they are eliminated before 
actual calibrations are performed. 

After the sampling console is assembled an 
allowed to run for 15 minutes to allow the pump a 
is then adjusted to obtain the desired flow rate. F 
data are collected at orifice manometer settings (L 
and 4.0 inches H,O. Gas volumes of 5 ft3 are us( 
settings, and volumes of 10 ft3 are used for the hig 
gas meter correction factors (Vi) are calculated 
averaged. The method requires that each of the i 
fall within +2 percent of the average correction fa 
adjusted, and recalibrated. For the post-test 
calibrated three times at the average orifice setti 
actual test. The meter box calibration data is pr 
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leak checked, the pump is 
i DGM to warm-up. The valve 
lr the pre-test calibrations, 
i) of 0.5, 1.0, 1.5, 2.0, 3.0 
d for the two lower orifice 
ler settings. The individual 
or each orifice setting and 
ldividual correction factors 
:tor or the meter is cleaned, 

calibration, the meter is 
1g and vacuum used during the 
?sented in Table 4-2. 



Table 4-2. Meter Box CalibraLion Audit 

Meter Box Pre-Audit Allowable Calculated 
Number 

Acceptable 
Value Error Gamma 

N-6 0.9871 0.9476cYc1.0265 1.0128 Yes 

N-14 0.9948 0.955O<Y<1.0346 0.9707 Yes 

I I I 

4.8 DATA VALIDATION 

All data and/or calculations for flow 

t 

tes, moisture content, and 
isokinetic rates made using a computer software program are validated by an 
independent check. All calculations are sp t checked for accuracy and 
completeness. 

In general, all measurement data are vali 
criteria: 

a Process conditions during sampling or tc 
0 Acceptable sample collection procedures. 
l Consistency with expected other results. 
0 Adherence to prescribed QC procedures. 
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ted based on the following 

ting. 
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