1. INTRODUCTION

The document “Compilation of Air Pollutant Emissions Factors” (AP-42) has been
published by the U.S. Environmental Protection Agency (EPA) since 1972. Supplements to AP-
42 have been routinely published to add new emission source categories and to update existing
emission factors. AP-42 is routinely updated by EPA to respond to new emission factor needs of
EPA, state and local air pollution control programs and industry.

An emission factor related the quantity (weight) of pollutants emitted to a unit of activity of
the source. With differing levels of accuracy, the uses of the emission factors reported in AP-42
include:

e Estimates of area-wide emissions;

e Estimates of emissions from a specific facility; and

e Evaluation of emissions relative to ambient air quality.

The purpose of this report is to document the development of the emission factors presented
in AP-42 Section 11.12 Concrete Batching.



2. AP-42 DESCRIPTION OF THE CONCRETE BATCHING INDUSTRY

AP-42 11.12-1 Process Description

Concrete is composed essentially of water, cement, sand (fine aggregate) and coarse
aggregate. Coarse aggregate may consist of gravel, crushed stone or iron blast furnace slag.
Some specialty aggregate products could be either heavyweight aggregate (of barite, magnetite,
limonite, ilmenite, iron or steel) or lightweight aggregate (with sintered clay, shale, slate,
diatomaceous shale, perlite, vermiculite, slag pumice, cinders, or sintered fly ash).
Supplementary cementing materials, also called mineral admixtures or pozzolan minerals may be
added to make the concrete mixtures more economical, reduce permeability, increase strength, or
influence other concrete properties. Typical examples are natural pozzolans, fly ash, ground
granulated blast-furnace slag, and silica fume, which can be used individually with Portland or
blended cement or in different combinations. Chemical admixtures are usually liquid ingredients
that are added to concrete to entrain air, reduce the water required to reach a required slump,
retard or accelerate the setting rate, to make the concrete more flowable or other more
specialized functions.

Approximately 75 percent of the U.S. concrete manufactured is produced at plants that
store, convey, measure and discharge these constituents into trucks for transport to a job site. At
most of these plants, sand, aggregate, cement and water are all gravity fed from the weight
hopper into the mixer trucks. The concrete is mixed on the way to the site where the concrete is
to be poured. At some of these plants, the concrete may also be manufactured in a central mix
drum and transferred to a transport truck. Most of the remaining concrete manufactured are
products cast in a factory setting. Precast products range from concrete bricks and paving stones
to bridge girders, structural components, and panels for cladding. Concrete masonry, another
type of manufactured concrete, may be best known for its conventional 8 x 8 x 16-inch block. In
a few cases concrete is dry batched or prepared at a building construction site. Figure 11.12-1is
a generalized process diagram for concrete batching.

The raw materials can be delivered to a plant by rail, truck or barge. The cement is
transferred to elevated storage silos pneumatically or by bucket elevator. The sand and coarse
aggregate are transferred to elevated bins by front end loader, clam shell crane, belt conveyor, or
bucket elevator. From these elevated bins, the constituents are fed by gravity or screw conveyor
to weigh hoppers, which combine the proper amounts of each material.

11.12-2 Emissions and Controls &8

Particulate matter, consisting primarily of cement and pozzolan dust but including some
aggregate and sand dust emissions, is the primary pollutant of concern. In addition, there are
emissions of metals that are associated with this particulate matter. All but one of the emission
points are fugitive in nature. The only point sources are the transfer of cement and pozzolan
material to silos, and these are usually vented to a fabric filter or “sock”. Fugitive sources
include the transfer of sand and aggregate, truck loading, mixer loading, vehicle traffic, and wind



erosion from sand and aggregate storage piles. The amount of fugitive emissions generated
during the transfer of sand and aggregate depends primarily on the surface moisture content of
these materials. The extent of fugitive emission control varies widely from plant to plant.
Particulate emission factors for concrete batching are give in Tables 11.12-1 and 11.12-2.
Particulate emission factors per yard of concrete for an average batch formulation at a typical
facility are given in Tables 11.12-4 and 11.12-5. Metals emission factors for concrete batching
are given in Tables 11.12-6 and 11.12-7.

Types of controls used may include water sprays, enclosures, hoods, curtains, shrouds,
movable and telescoping chutes, and the like. A major source of potential emissions, the
movement of heavy trucks over unpaved or dusty surfaces in and around the plant, can be
controlled by good maintenance and wetting of the road surface.

Predictive equations that allow for emission factor adjustment based on plant specific
conditions are given in Chapter 13. Whenever plant specific data are available, they should be
used in lieu of the fugitive emission factors presented in Table 11.12-1 through11.12-4.
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Figure 11.12-1. Typical Concrete Batching Process.
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3. QUALITY RATING SYSTEMS

.1 Emission Data Quality System

The rating system specified by the Emission Factor and Inventory Group (EFIG) for preparing
AP-42 sections was used as a general guide in rating the emission data used in this report. The rating
system is as follows:

A

Multiple tests that were preformed on the same source using sound methodology and
reported in enough detail for adequate validation. These tests do not necessarily conform
to the methodology specified in EPA reference test methods, although these methods
were used as a guide for the methodology actually used.

Tests that were preformed by a generally sound methodology but lack enough detail for
adequate validation.

Tests that were based on an untested or new methodology or that lacked a significant
amount of background data.

Tests that were based on a generally unacceptable method but may provide an order-of-
magnitude value for the source.

The following criteria were used to evaluate source test reports for sound methodology and
adequate detail:

1.

2.

Source operation. The manner in which the source was operated is well documented in the
report. The source was operating within typical parameters during the test.

Sampling procedures. The sampling procedures conformed to a generally acceptable
methodology. If actual procedures deviated from accepted method, the deviations are well
documented. When this occurred, an evaluation was made of the extent to which such
alternative procedures could influence the test results

Sampling and process data. Adequate sampling and process data are documented in the
report, and any variations in the sampling and process operations are noted. If a large spread
between test results cannot be explained by information contained in the test report, the data
are suspect and were given a lower rating.

Analysis and calculations. The test reports contain original raw data sheets. The
nomenclature and equations used were compared to those (if any) specified by EPA
to establish equivalency. The depth of review of the calculation was dictated by the
reviewer’s confidence in the ability and conscientiousness of the tester, which in turn
was based on factors such as consistency of results and completeness of other areas of
the report.




3.2 Emission Factor Quality Rating System

The quality rating of each of the final emission factors was guided by the following general
criteria:

A Excellent: Developed only from A-rated test data taken from many randomly chosen
facilities in the industry population. The source category is specific enough so that
variability within the source category population may be minimized

B Above Average: Developed only from A-rated test data from a reasonable number of
facilities. Although no specific bias is evident, it is not clear if the facilities tested
represent a random sample of the industries. The source category is specific enough so
that variability within the source category population may be minimized.

C Average: Developed only from A- and B-rated test data from a reasonable number of
facilities. Although no specific bias is evident, it is not clear if the facilities tested
represent a random sample of the industry. In addition, the source category is specific
enough so that variability within the source category population may be minimized.

D Below Average: The emission factor was developed only from A- and B-rated test data
from a small number of facilities, and there is reason to suspect that these facilities do not
represent a random sample of the industry. There also may be evident of variability
within the source category population. Limitations on the use of the emission factor are
noted in the emission factor table.

E Poor: The emission factor was developed from C- and D-rated test data, and there is
reason to suspect that the facilities tested do not represent a random sample of the
industry. There also may be evident of variability within the source category population.
Limitations on the use of these factors are always noted.

References for Section 3

1. Procedures for Preparing Emission Factor Documents, EPA-454/R-95-015, Office of Air Quality
Planning Standards, U.S. Environmental Protection Agency, Research Triangle Park, NC, November
1997.



4. EMISSION FACTOR DEVELOPENT

Five emission test reports were used to develop emission factors for AP-42 Section 11.12,
Concrete Batching. Two of the tests (References 1 and 2) were sponsored by EPA in order to add PM-10
emission factors and to improve the quality of the other concrete batching emission factors. The third test
report (Reference 3) was produced by a comply that sold a control device for silo filling operations. The
fourth test report (Reference 4) was produced by a consulting firm to determine whether a facility was in
compliance with Oklahoma regulations. Information from a fifth report was obtained from another
section of AP-42.

4.1 Reference 1

This report (Reference 10 presents the results of emission testing on a typical concrete batching
operation performed at Chaney Enterprises in Waldorf, Maryland. This reference includes measurements
of the amounts of PM, PM-10, and then select metals that were released during truck mix loadings,
central mix loadings, and silo fillings. In addition, tests were conducted on process material samples and
road surface samples.

Several kinds of tests and test methods were used:

o EPA Reference Test Method 201A was used to collect emissions released during the truck
loadings and the silo fillings. In addition to the usual recovering and weighing of collected PM-
10, larger particulate (greater than ten micrometers) collected in the probe and the cyclone was
also recovered and weighed.

o Sieve and moisture analyses were conducted on the process materials (aggregates) and the road
materials.

e Laboratory tests were conducted on the emissions collected during the tests as well as the
material collected for the sieve analysis to determine the amount of each of the ten metals that
were contained in these materials.

Emissions resulting from the truck mix and central mix loadings were controlled with a shroud
connected to a centrally located pulse-jet type baghouse (C & W Model No. RA 140-S). In order to
develop both controlled and uncontrolled emission factors, tests were conducted at both the inlet and
outlet of the dust collector. Also, visual estimates of the capture efficiency of the control device were
made during the individual truck mix loadings and central mix operations. This information made it
possible to estimate the emission not captured during the test.

Emissions due to the loading of silos were also controlled by the central dust collector. As a
consequence of the frequency of the truck loadings, only one test run captured emissions due solely to silo
fillings. In the other silo emission tests, an attempt was made to subtract out the emissions from the truck
loadings. Unfortunately, the resulting values are significantly different from the silo only emission test
and therefore are not used for emission factor development.

Most of the emission data that were used to develop the controlled and the uncontrolled, PM and
PM-10 emission factors for truck mix loading and central mix loading warrants and A raging. However,
the methodology used to estimate the capture efficiencies of the control device is qualitative rather than
guantitative. This issue is significant since the uncontrolled and controlled emission factors for truck
loading depend significantly on the capture efficiency estimates. Due to the subjective nature of the
capture efficiency estimates, the emission data set for the truck loading emission factors is rated B.



The emission data from run number 7 that were used to develop the usable controlled and
uncontrolled, PM, PM-10 and metal emission factors for cement silo fillings are generally of the same
quality as the aforementioned test data. However, since only one test run was used to develop each of
these emission factor types, this test data set is rated C

The data sets used to develop the emission factors for batching by central mixing are rated A,
since the methodology used to collect the data was sound and the dependence on capture efficiency
estimates are minimal.

The following tables present the data that were used to develop the emission factors for Reference
1 as well as the emission factors themselves (with the exception of the data and emission factors
associated with traversing paved and unpaved roads and for loading aggregate and sand to elevated bins).
The layouts of the tables make the methods used to develop these emission factors largely self-evident
(see the technical notes in Appendix A for more information).

Note that “fines” stands for cement, cement supplement, and the silt from sand and course
aggregate.



Reference 1
Emission Factor Tables

Tables Emission Factor Types

11-13 PM-10 Emission Factors

21-23 Controlled PM-10 Emission Factors
3.1-33 PM Emission Factors

41-43 Controlled PM Emission Factors
51-55 Metal Emission Factors

6.1-6.5

Controlled Metal Emission Factors
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Table 5.5
METAL EMISSION FACTORS FOR CONCRETE BATCHING

CHANEY ENTERPRISES CEMENT PLANT
WALDORF, MD

AVG. STD.
METAL DEVIATION
per 1000 1b
CEMENT &
NEWCEM
(Ib) (Ib)

AVG. RUN 5 & 18
ESTIMATED NEWCEM
STLO FILLING
ARSENIC
BERYLLIUM |
CADMIUM = -
CHROMIUM = -
LEAD e = _
MANGANESE | LI4E-003]  6.55E-004
MERCURY e S ]
'NICKEL | 1.14E-006  7.18F-007
PHOSPHORUS [ = ] N
SELENIUM 22 =

2.52E-008

AVG. RUN 5,7, I8
ESTIMATED GENERAL
SILO FILLING

| ARSENIC

| BERYLLIUM

| CADMIUM

| CHROMIUM
LEAD _
MANGANESE
MERCURY =
NICKEL | ] 06|  4.47E-006

' PHOSPHORUS | | 5.88E-005 -
SELENIUM =l -

4.04E-007
9.35E-009

7.57E-004
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Table 6.5

CONTROLLED METAL EMISSION FACTORS FOR CONCRETE BATCHING

CHANEY ENTERPRISES CEMENT PLANT
WALDORF, MD

AVG. STD.
METAL DEVIATION
per 1000 Ibs
CEMENT &
NEWCEM
{Ibs) (Ibs)

AVG. RUN 5 & 18

ESTIMATED NEWCEM

SILO FILLING -—

ARSENIC _3.16E-008]  1.94E-008
BERYLLIUM 7.88E-009 -
CADMIUM = =
CHROMIUM = s
LEAD -] =
MANGANESE  2.85E-004|  6.93E-005
MERCURY =
NICKEL 4.34E-007
PHOSPHORUS - o
SELENIUM - | -

AVG.RUN S, 7, 18

ESTIMATED GENERAL

SILO FILLING

ARSENIC _ 2.18E-008|  2.19E-008
BERYLLIUM ~ 3.94E-009|  5.57E-009
CADMIUM -
CHROMIUM ~ 1.87E-008 -
LEAD | 6.16E-009 -
MANGANESE | 1.90E-004| 1.72E-004
MERCURY - -
NICKEL | 2.12E-007|  3.48E-007
PHOSPHORUS - -
SELENTUM - -
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4.2 Reference 2

This report (Reference 2) presents the results of emission testing on a typical concrete batching
operation performed at Concrete Ready Mixed Corporation in Roanoke, VA. This test report includes
measurements of the amounts of PM, PM-10, and ten select metals that were released during truck mix
loadings and silo fillings. In addition, test were conducted on process material samples and road surface
samples.

Several kind of test and test methods were used:

o EPA Reference Test Method 201A was used to collect emission released during the truck
loadings and the silo fillings. In addition to recovering and weighing collected PM-10, larger
particulate (greater than ten micrometers) collected in the probe and the cyclone was also
recovered and weighed.

e Ambient air monitors were set up at upwind and downwind locations to measure background
concentrations of suspended particulate matter resulting form both the traversal of paved and
unpaved roads in and around the plant and the release of fugitive emissions from concrete
batching operations.

e Sieve and moisture analyses were conducted on the process materials (aggregates) and the road
materials.

e Laboratory tests were conducted on the emissions collected during the tests as well as the
material collected for the sieve analyses to determine the amount of each of the ten metals that
were contained in these materials.

Emissions resulting from the truck mix loadings were controlled with a hood system located
above the truck delivery chute. This hood was connected to a central dust collector (Griffin
Environmental Model JA-360DA). In order to develop both controlled and uncontrolled emission factors,
test were conducted at both the inlet and outlet of the dust collector. Also, visual estimates of the capture
efficiency of the control device were made during each of the truck loadings. This information made it
possible to estimate the amount of emissions that were not captured during the tests.

Emissions due to the pneumatic loading of silos were controlled with dust collectors located on
the top of each of the silos. Thee dust collectors used fabric filters to clean air being displaced during the
loading of cement or fly ash. Since emission test were only conducted at the outlet of the dust collectors,
no uncontrolled silo filling emission factors were developed.

Most of the emission data that were used to develop emission factors for truck mix loading
warrants an A rating. However, the methodology used to estimate the capture efficiencies of the control
device is qualitative rather than quantitative. This issue is significant since the uncontrolled and
controlled emission factors fro truck loading depend significantly on the capture efficiency estimates.
Due to the subjective nature of the capture efficiency estimates, the emission data set for the truck loading
emission factors is rated B.

The emission data set used to develop the controlled PM and controlled PM-10 emission factors
for cement and cement supplement silo filling is rated A, since it is sound and does not involve the
subjective control efficiency estimations.

The emission data for the controlled metal emission factors for cement and cement supplement
silo filling are generally of the same caliber as the controlled PM and controlled PM-10 emission factors



for cement and cement supplement silo filling. However, only one emission rate was obtained for each of
the ten metal types. Consequently, this emission data set is rated B.

The following tables present the data that were used to develop the emission factors for Reference
2. The layouts of the table make the method used to develop these emission factors largely self-evident
(see the technical notes in Appendix B for more information).

Note that “fines” stands for cement, cement supplement, and the silt from sand and course
aggregate.



Reference 2
Emission Factor Tables

Tables Emission Factor Types

7 PM-10 Emission Factors

8 Controlled PM-10 Emission Factors

9 PM Emission Factors

10 Controlled PM Emission Factors

11 Controlled Cement Silo Filling Emission Factors
12 Controlled Fly Ash Silo Filling Emission Factors
13.1-13.3 Metal Emission Factors

141-143

Controlled Metal Emission Factors



$2090°0
ERLSO0
S9E00D
9TH000
EPE00°0
65SH00
LT60Z0
LSLSO0
90TPOD
£6890°0
TS6L0°0
SPOSO0

(qr}
JSANIA..

qi 001 sod
01-Wd

0E110°0
#1010°0
| L80000 0578
990000 BLTIL
0L000°0 LSTEL
£SL00°0 8ISl
6E6£0°0 S
$6800°0 05'89
RE800°0 91'E9
i T6°701
606
1168
(an (an
4LYD
TVIHALYIN M¥Y -Ti0DV
q1 0001 1od WO¥A
01-Wd s

.

069°LE
0€6°€21

089'5k1

6°L91
066°SH
oLt
Z1F'69
OOLEnl
0£6'66
0Z6°L6

(an
aqavo’l
ALVD
“TYODY
454100

-

0160°0 ALYDTUDOV 40 INALNOD LIS % DAY
LEEYO'0 950010 0LOE0'0
900 681800 Lo1E00 |
051801 09F'ES  RLEOOD SEPODD  FSS'BT 0STOO0
LESER'] 0SL06  8¥HOO0 PRS00 BI90E SKTO0D
C6STILE'T 00BLY | £SE00TD EORODD 91198 0TTO0'0
LER06T 06LEPl | DORYOO CPLISDD  DBLES  RLLIOWO
9%°090°1 OFF'TS | £00TT0 POLPED  TLSEL  TIS0L0
CBLLPT'L 08919 | LLOSO0 901800 TRLLL  STOE0'0
LI99S'T BIF'LL | ILFPOD ERPSO0 86S'LT 19¥20'0
THY9E6'l OTL'S6 | OLILO'0 6YI600  BLS'6T REREDD
OSIL6' LSKL6  9SERO0 0SPOLD  PIFIE  BELVOO
LERILL OPTLE SLTHOO 0SELO'D ORL'RT LEFEOD
(CTI I T (an (an (an (an) (an
HSY A4
aNVS ¥ AINAWAD QAAVOT  INAWID HLFEINOD
WO¥4 ad4avol qiooplsd  HSY  qroonl 2d gaavol  paedaad
LS aNvs  01-Wd Ald DI-Wd  INAWAD  0I-d

FA “INONVOYH
NOILVHOdHOD AIXTIW AQVIH ALTHINOD

ONIHOLVE ALAYONOD Y04 SHOLOVA NOISSIWH 01-Wd

L

005
sTL9
SP8
001
Shy
$Lr
$'19
N
SIL
509

(=)

JO¥YW
ALIHINOD

0£70°T

0sZio

199910
LssTO
£EE8LT

CLLTLY

018yl
STELS'|

TRSOLT

"bTRELE
R

Qi)

QasvaTgd ADNAIDIAAE LHINI
JdMLd VD)
TALVWILST Ol-Wd

O1-Wd
T¥.LOL

ANYS A0 INJLINOD LTS % ‘DAY

£l
¥L
08

9
i
¥
(4]
£8
8
<8
£8

(%)

0010
oo
P00

POO'T

05T
HOT 1

95Tl
£LTT

088°C
95L'l

{aik

NI

0zl 0500
@l 0s00
0Tl TS00
ozl T00°1
0T STl
0zl v09°0
0zl 8790
BLL 9pLl
021 owbl
0Tl 8LRO
(uuy (q1)

LAINI
NI

oy rad

AWIL  01-Wd

AR ALS
DAY
01 NTd
6 NMY
B NTY
LNMY
9 NMY
§NMY
# NNY
£ N1
TNNY
1 NMY
DNIGVOT
XIW N

L3qeL

Emission Factors' Development



SS8T0°0
9ERIO0
$5700°0
1££00D
897000

ZLE10D
£E860°0
01100

“RSRO0D
Z0ET0'D
8100
BSKIOD

(ar)

WSHNIA..
41 poo| d
01-Wd

0pS00°0
1££000
190000
150000
pS000°0
QTTO0D0
T1SR10°D
“zLiooo
891000
TROZ00'D
EBTO00
| LETOO0

[T
[FUNR MEY

q1 0001 d
01-Nd

0578
|8zt
I
| E8TS1
[swip
L0589

L6701
| ¥606
et

{an

HDov
wWodd
18

069'L5  0STIROT
0£6'€71  LRSERT
DRO'SEL 6STILET
OP6'L91 | [RROS'T
066'sE  9RT90T
0LTSL  6LLYTT
Tw'ee 199l

00I'EIl | THOEET O

0E6'66  9SILE'T
076'i6 | LRPOLT

{an fan
aqaavol
q41vDH aNYS
SHODY WOHA
ASUN0D LS

ONTHOLVE ALAYINOD Y0 SHOLOVA NOISSIWNT 01-Wd AATTOdINOD

09v's
05L06
0089
06LEV
orr'Ts

OFTLR

{an

aaavol
ANVS

8PE00'0
9LTO00
rERI00
REEDID
91100
o600
FLEIOD
£9910°0
[BE5100

{an
HSY AT14

01600

EERFO'0
TTLTO0
T9n£00'0
ETF00°0
TBIE00°D
L5510°0
6vL91°0

[zo8100

{a ()

¥ INAWAD | QIdv0oT LNIWED

q1 0001 +d
01-Wd

HSY 1000 sad
A4 01-Wd

$ALVOTADOV J0 INTINOD LIS % DAY

[ ¥$5'8T
[®19%0¢

919

06L5S

TLs'El
ZrLLl
868'LT
vis'6T
vErit
K

(an

aaavo
ANTIWID

£6100°0
Lo

18S00°D

(L0
966000 |
SL100'D

QEROO'D
9R6F0'D

SHR00D
STLODD
ER600D
LSROOD

(an (pAY

ALIIONOD

paed aad JavVI
DIFWd FLIHINOD

VA “INONVOH
NOILVHOdNOD AAXIW AAVIH TLAHINOD

_1EL80°0

SS6T1°0

“B6PEI0

RELERD

rERIzE
(85LT0

RIFOED

TIEHsD

LIPLID
658150

fan

CQASVATIE LT1N0 L3N
01-Id 10 dadvosi

IVLIOL

an

TET90°0

SSho00
LTE90D
508500
ECCET)
“Lisv00

0LF0D

5800
09910
£6851°0

(ap)

01-Wd

BETO'T

5200

5900
ZROD
LD
K
N4
5T0
EEFD
TROSD
0960

(a1

01-Wd

ANYS 40 LNALNOD LIS %

£l
FL
08
9
9%
43
23
¥R
€8
¥R
S8
iR

[CA]

AINALIIE4T
JaNLdVD

QALYWILST AWLL  01"Wd

DAY
0zl SLIE0D 0500
‘Tl SLIE00 DSO0
01 €91E00 | Z50°0
0TI Z06T00 T00'I
0TI TEETO0 [SLTl
0TI 6RIIO0  FO9TO
0Tl 1SET00 | BT9D
611 Z86€00 (9Ll
071 Z0E800 ObF
071 LP6LOD RLED
(un) (a1) tar

LATLNO. LATNI
N0 NI

anoy sad  anoy sad

01-Wd

‘AdAAlLs
DAY
01 NNy
6 NMd
8 NMH
L NMH
9 NMY
S NMH
¥ NMH
£ NNy
TN
| NH
ONITVoT

XIW ¥O¥L

891qEL

Emission Factors' Development



1520E0
PSLYTO
ETLOO0
098000
(91E00°0
T89K00
21101
£7SET0
YOSTT 0
2180£°0
060650
60LET0

@n
WSHANIA..

Wd

LL9S00

Eaiaa ]

TLIDOD

rEIooo
SRODOO

CELLOOD
6E0610
659€00

0£rP0'0
L16F0'0
000£0°0
ESBE0 0

(ap)

[PUABW MEH -THO0V
‘qrooot 2d qp o001 sad

Wd

0TS
RLTIL
LLsTEl
(8T8
S8 Ir
0589
919
26201
7606

T1e8

@p

06905 051801 09F'ES
[0€6'ETI  LESER | 0SL06
089Skl 6S1LET 008'L9
056101 L8'B06T 06L'EY
066'sk 980901 OFFTS
TOLTSL 6LLPT'L 089°19
TIVE9  L1'998'1 BIvLL

001ELl 0EL'S6
0£6'66 LS¥'L6
0T6°L6 ObT'L8

tan) (ap (a)

2L¥D | qaavo
ALVD ANYS

“HHDOY  WOdd | dFavol

asdn0d 1S AKYS

WOd4
L7TIS

x5

»

HMOLLED.

0600

JLYDIYDOV 40 INILNOO 1TIS % DAY

6866¢°0
5965€°0
L9800°0
001100
“BRHO0D
PIES0D
PRISY'1
0ZIEED
S006Z0
60600
ILEISO
861670

(an

® INIWAD AdavoT1  LNAWHD

NOILV¥OdH 0D AAXIW AAVAY ALTIINOD
ONIHOLVE ALAAOINOD H0A SHOLOVA NOISSTWH Wd

RRLO00 bss'E
06000 0099
TR0 PLEO
6T6F00 00T
SSE90' 1 068'L
zEsvzo 776
159570 8pT9
LDSTED ProL
SLOIP0  PTI'B
£105T0  Te6Y
(qp (qn
HSY A'Td
90001 tad  HSY
Wd A4

q1 000 Jad
Wd

| pES'RT
819°0¢
9119
[06LES

Sl
L

B6S'LT

PLS6T
PTrTE

98L'8T

(C1)]

agavorl
LNIWAD

P15
[e1sET
SHR000
105000
992000
E58T00
FOTIS 0
1LETlo
910£1°0
191210
96TET0
OF6EL D

(qn)

ALTEINOD
pres 1ad

Wd

VA ‘ANONVON

e

008
STLY
SE8
ool
R
Sy
S19
S0L
SIL
s

(p&)

Javin
ALTHINOD

0ET0T

0SLyT0
L99EEQ

00sTT0
TERSRT
£6578 ¢

619L8°¢
I8YD0'R

EE860I
LF959°91
ELEEP'S

[CTH]

AASVATAY AINAIDIA4E LHTIN]
TANLAYD
QILVYWILSE

Wd

IVLOL

ANYS 40 INJLINOD LTIS %% DAY

rL
08
19
95
42
14
]
£8
]
S8
i8

8610
S0T'0
9zi'o

860°C

9Ll

9t6t

9101

851wl
0D00'L

(an

NI
Wd

0zl
<l
nel

ozt

0l
ozl
0Tl

6l
ozt

0zl

{unu)

AWIL

6600
10170
£90°0
6201

€919
99T
e
¥T1s
6L0°L
005'€

(ap
LATINI
NI
anoy 1ad
Wd

‘Add aLs
DAY
01 NOd
6 NMH
8 NY
L N
9N
& NN
PN
£ NY
T Nd
I N

ONIaroT

XIW NO AL

62198 L

Emission Factors' Development



01600 T ALVOTEOOV 40 INTLNOD LTIS % DAY az 0ETO'T T ONYS 40 INGINOD LTS % DAY .
SE0PL0 | 759200 09LF1'D 185670 | 8LOLOD £l ‘Ada ALs
0rL00 | RPEL0D [smeioe | elfiroe [1ree070 | v DAY
S0P00'0 960000 0575 | 069'L: B0 09%'€s  6IF000 PSSP 9RPO00  pSSRT  RLZODO 00§ ORREID  DEGROD  0SO0 OR 0TL S9pv0D 6600 OINAY
145000 6800000 RLTIE £ 05L°06 109000 009'9  [€L000 BIPOE  TEE000 STL9 TRECTO TST6OO g0 | 19 T 0ssr0'0 (010 6 N1
186000 1L000°0  (LSTEL OBISPI 66TILE'T O0RL9  19€000  pLt'®  [IP0O00  91I'%r  pTTO00 | SR 296510 890600 6600 95 071 pESYOD €900 # N
LPPLO0  6€T000  €8TSI OPELI1  LB'BOGT 06LEYl HZSI00  00T®  Er9l00  O6L'ES  BROOO | 00 CESERRD 0Z€800 0080 L 0Z1  09I¥00  6Z0'1 LNNA
Z989v°0  OI8800 SR 066'Cr 980901 OFIS  OLI6r0  O68'L  EI6LL0  EZLSEl  f9LEZ0 | Swp CLEPLSDI  SPRLOD  0OSOI S 0Z1  IILE0D €919 9 N
950700 1€9000 0§89 OLTSL  6LLYTI 08919 YOO CZ6§  LILSO0 Ll EEIZO0 | SLP BZEI0L OIEL0D  DFED I 0TI $59E00 R9PT § NN
8P0PO0  S6L000  9I'E9  TIP'E9  LI99STI | BIPLL  €pZPO0 | 8pT9  €0ZSO0  BeSLT  SEETOD | §19 €65E' L 1ISL0D 191 ® 0Tl SSLE0D TZEE ¥ N1
P6ISO0 678000 T6TOL  DOUEIT  TPOE6'l OTL'S6 SLYSDO  PPO'L 68900 bLS6T  T68T00  SOL 98RE0T  EIE0I0 961 | w8 611 00ISO0 ¥TLS £ N
61F900 6FLIDD  P606  DE6'66 95 EL6'L LSKL6  SPL900  bEI'B SEPSO0  pIPTE  SIBE00 | SIL 10SEL°T PSOLZO  R6bT | s 071 LZRILD 6LDL NN
L99%0°0 | 8SLOOD 168 OT6'L6  LRPOLL OPTL8  vT6RDD  IE6P  L9LSO0  ORLRZ  PPLIOO 509 910991 TPOTZO  FEP T 071 IZEILD 00SE | N
ONIAYOT
XU ¥OAYL
(an (an (an (ar) @y @) T @ @) T @ @ T e Gpd) fan [CT) I T R (%) () (qp) (an
aaavol HSY AT4 13100 1IN
WSANIA, ([BUEN mEY YOOV ALVD ANVS ¥ LNIWAD AIavVOT LNIWAD ALTUONOD aasvaTad 1300 LTINL - ADNZIOIAATE mno N
410001 24 qroo0l > WOHL | -IUODY  WOMA @IavoT qiooolsd  HSY  glgo0rdad gaavol  pmiad davie Wd 100 a3dvdsd  FWNLAYD moy sad noy sad

Wd | Wd | LTS | dSdN0D | LIS aANVS Wd Ald Wd ANAWID nd ALTHINGD . IVLOL Wd wd QILYWILSE  AWIL Wd Wd

VA ‘ANONYOY
NOLLVHOJHOD AIAXIW AAVITYH TLTIINOD

ONIHOLVE ALAYIONOD 40A SHOLOVA NOISSINA Wd dATIOHINOD
01 19eL

Factors' Development

ission

Em



Table 11

CONTROLLED CEMENT SILO FILLING EMISSION FACTORS
CONCRETE READY MIXED CORPORATION
ROANOKE, VA

PM-10
PM-10  TIME PM-10 CEMENT PM-10
per hour OUT  LOADED per 1000 Ib
ouT OUTLET CEMENT
OUTLET
(1b) (min) (Ib) (1b) (1)
CEMENT SILO FILLING _
RUN 1 0.016 123 | 0.033 147920 2.22E-004
RUN 2 0.016 125 = 0.033 97,660  3.41E-004
RUN 3 0.013 185 0.040 146,310 2.74E-004
AVG. 2.79E-004
STD. DEV. 5.99E-005
PM
PM TIME PM  CEMENT PM
per hour OUT | LOADED per 1000 Ib
ouT OUTLET CEMENT
OUTLET
(k) | (min) (1) (Ib) (Ib)
CEMENT SILO FILLING _
RUNI | 0,023 123 0,047 147,920 3.19E-004
RUN2 | 0.021 125 0.044 97,660 4.48E-004
RUN3 | 0.016 185 0.049 146,310 3.37E-004
AVG. | 3.68E-004
STD. DEV. 6.99E-005
METALS
METAL TIME METAL CEMENT  METAL
per hour ouT LOADED | per 1000 Ib|
ouT OUTLET CEMENT
OUTLET
(1) | (min)  (Ib) (1b) (1b)
RUNS 1,2 & 3 CEMENT SILO FILLING _
ARSENIC _ - 433 - 391890 -
BERYLLIUM  132E-008 433  9.53E-008 391,890 | 2.43E-010]
CADMIUM - 43—~ 391890 -
CHROMIUM 5.53E-007 433 3.99E-006 391,890 | 1,02E-008
LEAD 2.58E-007 433 1.86E-006 391,890 | 4.75E-009
'MANGANESE 3.68E-006 433 2.66E-005 391,800 | 6.78E-008
'MERCURY - 43 - 391,890 |
NICKEL 1.05E-006 433 7.58E-006 391,890 | 1.93E-008 |
PHOSPHORUS - 433 - 391890 -
SELENIUM .- 433 - 391,890 &
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Table 12

CONTROLLED EMISSION FACTORS FOR FLY ASH SILO FILLING
CONCRETE READY MIXED CORPORATION
ROANOKE, VA

PM-10
PM-10  TIME PM-10  FLY ASH PM-10
per hour ouT LOADED per 1000 Ib
ouT OUTLET FLY ASH
OUTLET
(1) (min) (b} ({1:3] (Ib)
FLY ASH SILO FILLING .
RUN 1 0.204 62 0211 50,820  4.15E-003
RUN 2 0.078 60 0.078 50,820  1.53E-003
RUN 3 0.081 61 0.082 50,820 3
AVG. e 03 |
STD. DEV. 1.4BE-003
PM TIME PM FLY ASH PM
per hour ouT LOADED | per 1000 Ib
ouT OUTLET FLY ASH
OUTLET
(Ib) {min) (Ib) (1b) (Ib)
FLY ASH SILO FILLING
RUN | 0221 62 0.228 | 50,820 4.49E-003
RUN 2 0.887 60 0.887 50,820 1.75E-002
RUN 3 0.091 61 0.093 50,820 | 1.82E-003
AVG. | 7.92E-003
STD. DEV. 8.36E-003
METAL TIME METAL  FLY ASH  METAL
per hour ouT LOADED | per 1000 Ib
ouT OUTLET FLY ASH
OUTLET
(Ib) (min) | (Ib) (1b) (Ib)
RUNSI,2& 3 FLY ASH SILO FILLING
ARSENIC 2.51E-005 183 | 7.66E-005| 152,460
BERYLLIUM 226E-006 183  6.ROE-006 152,460 |
CADMIUM 496E-007 183 1.51E-006 152460 | 9
CHROMIUM 305E-005 183  9.30E-005 | 152,460
LEAD 1.30E-005 183 397E-005 152460 4
MANGANESE 6.40E-006 183 1.95E-005 152,460 l'.}SE-m]?_
MERCURY - 183 - 152460 t
NICKEL 5.70E-005 183  1.74E-004 152,460 laldE-ﬂllG?
PHOSPHORUS 8.85E-005 1IR3 270E-004 152460 | L77E-006
SELENIUM 1.81E-006 183  5.52E-006, 152,460 | 3.62“08]
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4.3 Reference 3

This test report (Reference 3) present s the results of emission testing on the pneumatic transfer of
cement to a silo at Allied Concrete Supply, Chicago Illinois on October 17, 1972. The emissions
resulting from the silo filling were controlled with two baghouses (Tiberi Engineering Company dust
collectors) located on the top of the silo. Because of the low flow rates from the dust collectors, a
temporary six inch diameter stack of four feet length was added to one of the collectors. As a result, the
emission testing quantified only particulate emissions from one of the two dust collectors. Consequently,
the actual amount of total controlled emissions was assumed to be twice the measured amount.

The test method used to collect the emissions appears to be similar to EPA’s Test Method
Number 5. Explicit isokinetic calculations are not present in the test report. However based upon the 3/8
inch nozzle diameter and 13.67 cubic foot sample volume present in the report, a 99% isokinetic sampling
rate can be calculated. Also, while two test runs were performed, meter volumes, nozzle diameters, and
filter weights for only one test run are available. The test contains no QA data on meter volumes, nozzle
geometry, and size or pitot geometries. Lastly, no details are included in the test report on whether
changes were made in the arrangement of the S type pitot and the nozzle because of the small duct
diameter. As a consequence of the deficiencies, the test data set from this report is rated C.

The following presents results from the report and demonstrates how these results were used to
develop a controlled particulate matter (PM) emission factor for cement silo filling.

e Results from the emission testing:

Exhaust Loading 0.0139 grains per ft3
Exhaust Rate 115.4 t3 per min
Test Duration 30 minutes

Cement Loaded 44,340 Ib

e Calculations for the PM emission factor for cement silo filling:

H 3
Lb of PM in inlet per dust collector = (0.0139 gragnsj 115.4 ft_ (30min) L
ft min 7,000 grains

=0.00687 Ib of PM

Total for both collectors = 2 x 0.00687 Ib of PM
=0.0137 Ib of PM

Lb of PM per1,000 Ib of cement loaded = 0.01371bPM
44.34 1,000 Ibcement loaded

Ib PM

3.10x10™*
1,000 Ib cement loaded




4.4 Reference 4

The bulk of this test report (Reference 4) is classified as confidential and was not available for
review. Apparently, this test report presents the results of emission testing on the uncontrolled controlled
pneumatic transfer of cement and Pozmix™ (a cement supplement) to a silo for an unknown company in
Oklahoma City, Oklahoma in February of 1976. The emissions resulting from the silo filling were
controlled with a baghouse (type unknown).

Only one page of information is available. This page includes process weights, permissible
emissions, measured emissions, calculated baghouse control efficiencies and isokinetic variations for each
of the twelve runs. This limited information is insufficient for determining whether the test method was
in accordance with EPA standards. Consequently, the test data set from this report is rated D.

The following presents results from the report and demonstrates how these results were used to
develop a controlled particulate matter (PM) emission factor for both cement silo filling and cement
supplement silo filling.

e Results from the cement emission testing

Test 1 Cement Emission Rate = 0.085 Ib/hr Baghouse efficiency = 97.6%
Test 2 Cement Emission Rate = 0.044 Ib/hr Baghouse efficiency = 99.2%
Test 3 Cement Emission Rate = 0.039 Ib/hr Baghouse efficiency = 99.3%
Average = 0.056 Ib/hr
e Calculations for the PM emission factor for cement silo filling:
) Ib loaded .
Since the rate for all three transfers was 47,000 [bcement loaded , the average emission factor was:
hour
0.056 IbPM
Average Emission Factor = hour
47 1000 Ib cement loaded
hour
=1.2x10°° IbPM
1000 Ib cement loaded
e Results from the Pozmix™ emission testing:
Test 1 Pozmix™ Emission Rate = 0.1328 Ib/hr ~ Baghouse efficiency = 99.2%
Test 2 Pozmix™ Emission Rate = 0.0940 Ib/hr ~ Baghouse efficiency = 98.5%
Test 3 Pozmix™Emission Rate = 0.0541 Ib/hr ~ Baghouse efficiency = 99.0%
Average = 0.0936 Ib/hr

e Calculations for the PM emission factor for Pozmix™ silo filling:

. Ib t loaded ..
Since the rate for all three transfers was 92,500 M, the average emission factor was:

hour



0.0936 Ib P
hour

1000 Ib cement loaded
hour

Average Emission Factor =
92.5

=1.01x10°° IbPM

1000 Ib cement loaded



4 5 Reference 5

This report (Reference 5) documents particulate emissions testing conducted by the State of
Tennessee, Division of Air Pollution Control of a silo filling operation at Specialty Alloys Corporation in
Gallaway, Tennessee. The silo filling operation was controlled by a water impingement scrubber made
from a 55 gallon drum with a burlap cover. Emission testing was accomplished with a high volume air
sampler held at a single point approximately two feed above the rim of the barrel. Two sets of emissions
tests were conducted. The first series were three runs during a lowered loading rate while one layer of
burlap covered the drum. Opacities averages 30% and ranged from 5% to 80% during these test runs.
The second series were two runs during a normal loading rate while two layers of burlap covered the
drum. Opacities averaged less than 20% and ranged from 5% to 15% during the second run. The test
report presents average emissions rates of 0.11 Ib/hr during the first test series and 0.04 Ib/hr during the
second test series. Approximately 26.5 tons of cement was unloaded during each test series. The data
documented in this reference are not suitable for developing emission factors. The control device is
unique an atypical of those typically used for controlling silo filling emissions. The emission testing
methodology used is unlikely to provide a reasonable quantification of the emissions which are fugitive in
nature. The test report is not rated.

4.6. Information Useful for Estimating Emission Factors for Traversing Paved and
Unpaved Roads and for Loading Aggregate and Sand to Elevated Bins (data
are from Reference 1 and Reference 2)

Tables 15.1 and 16.1 present information presented in references 1 and 2 that are
parameters needed to estimate emissions using methodologies contained in other AP-42 sections.
Table 16.2 presents summary statistical information of the batch formulations that were
produced during the emissions testing documents in references 1 and 2. Table 16.3 presents the
application of the methodology presented in Section 13.2.4 and used to develop the final
emissions factors for loading aggregate and sand to storage piles, and to elevated bins.

Table Table Name

15.1 Percent Silt and Silt Loading of Road Surfaces
16.1 Silt & Moisture Content of Aggregate and Sand
16.2 Batch Formulation Summary Statistics

16.3 Emission Factors for Aggregates & Sand Transfer to Elevated Bins



Table 15.1
PERCENT SILT & SILT LOADING OF ROAD SURFACES

*

Chaney
Unpaved Enterprises

Average

Chaney
Enterprises

Paved
(uncontrolled) * AP-42

Average
of Averages

Paved Concrete
(controlled) Ready Mixed

The value from AP-42 is taken from Table 13.2.1-3 in Chapter 13.2.1 (10/97).

Sample
Number

Sample
Number

1
| 4
Average

Average

1
2

Average I

Emission Factors' Development

Avg. %
Silt Content

(%)
6.131

9.172

7.652

Avg. %
Silt Content

(%)

16.908
11.375
14.1415

10.727
12,540
11.63355

Sample
Mass

()

5614
6,124
5,869

8,732
2,722
5,727

Silt
Mass

(g)

949.2
696.6
822.9

936.7
3413
639.0

Sample
Area

(m?)

37.16
10.41
23.7838

31.39
4R.45
39.9179

Silt
Loading

(g/m?)
25.54
66.94

46.2437

12.00

1201218

29.85
7.04

18.4452 |



Table 16.1

SILT & MOISTURE CONTENT OF AGGREGATE & SAND

Chaney
Enterprises

Aggregate
Concrete
Ready Mixed

Average
of Facilities

Chaney
Enterprises

Sand Concrete

Ready Mixed

Average
of Facilities

Sample Avg. % Avg. %
Description  Silt Content  Moisture
(%) (%)
Course Chaney 0.1398 3.28
Stone
Course Black 0.3535 0.61
Aggregate
Average 0.2467 1.95
Aggregate 0.0910 1.59
Gravel
= [Toaess ] 1T
Sand 1 1.8216 4.88
Sand 2 2.4295 4.87
Sand 3 2.4742 5.26
Average 2.2418 5.00
Sand from West 3.29
Pit (Right) 2.0230
Sand from West 3.39
Pit (Left)
Average 2.0230 3.34
- e s 4y
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Table 16.3
EMISSION FACTORS FOR AGGREGATE & SAND TRANSFER TO ELEVATED BINS

Aggregate Transfer Emission Factors
PM-10 PM

1.6BE-003  kg/Mg  3.54E-003 kg/Mg
3.27E-003  Ib/ton 6.92E-003 Ib/ton
Sand Transfer Emission Factors
PM-10 PM
5.05E-004 kg/Mg 1.OTE-003 kgMg
9.86E-004  Ib/ton 2.08E-003 Ib/ton

The emission factors were developed from the following formulas from AP-42 Section 13.2.4:

This formula was used to compute the emission factors for the metric units

E =k (.0016) [ (U/2.2)"1.3/ (M/2)*1.4 ]

This formula was used to compute the emission factors for the english units.

E =k (.0032) [ (U/5$)*1.3 / (M/2)*1.4 |

E = emission factors (kg /Mg & Ib/ton)

k = particle size multiplier for PM-10 k = 0.35

k = particle size multiplier for PM k = 0.74

U = meanwind speed (m/s & mph) u = 448 mis U = 10 mph
M = material moisture content for aggregate (%) M = 1.77 %

M = material moisture content for sand (%) M = 417 =%

4.7 Reference 6

Reference 6 concerned a series of emission test programs sponsored by The Ready Mixed
Concrete Research Foundation (RMC Research Foundation) at six ready mixed concrete
facilities located in North Carolina, Virginia, and South Carolina. The purpose of this project is
to prepare an updated and expanded set of AP42, Chapter 11.12 emission factors for total
particulate matter, PMo, PM19.25, PM 5, and arsenic from truck mix and central mix process
operations at ready mixed concrete plants.

Three truck mix operations and three central mix operations are included in the scope of this test
program. Reference 6 presents the results of December 2003, February 2004 and May 2004
emission factor testing at the (1) Ready Mixed Concrete Company, Inc. (RMCC) truck mix and
central mix operations at the Wake Forest, North Carolina plant, (2) the S.T. Wooten central mix
plant in Raleigh, N.C., (3) the Chandler Concrete truck mix plant in Troutville, Virginia, (4) the
Concrete Supply truck mix plant in Rock Hill, South Carolina, and (5) the RMC Carolina
Materials central mix plant in Raleigh, North Carolina.

The test program was designed to provide emission factor data at the following locations at ready
mixed concrete plants.



e Outlet of the fabric filter collector serving the mixing operation
e Inlet to the fabric filter collector serving the mixing operation
e Fugitive emissions from the mixing operations and trucks

The inlets of the fabric filters were tested using EPA reference methods in conventional ducts.
During the tests at RMCC Wake Forest, EPA reference method tests were also conducted in the
fabric filter outlet ducts. During the subsequent tests at S.T. Wooten Raleigh, Chandler Concrete
Troutville, Concrete Supply Rock Hill, and RMC Carolina Materials, the fabric filter outlet PMy,
emissions were measured using a continuous particulate matter monitor that was sensitive to the
low mass loadings present in the effluent gas streams from the fabric filters.

Fugitive emissions from the mixing operations were measured simultaneously with the tests at
the inlet and outlet to the fabric filter. The fugitive emissions were captured in a set of sampling
arrays that were located immediately adjacent to the fugitive emission points.

U.S. EPA Conditional Test Method 040 was conducted at the inlets of the mixing operation
fabric filter particulate matter control devices to simultaneously measure the concentrations of
(1) total particulate matter, (2) PM;q particulate matter, (3) PMsy.2 5 particulate matter, and (4)
PM_ s particulate matter. The PM3g, PM1y.25, and PM; s emission concentrations were measured
directly in this sampling train by partitioning the captured particulate matter into several size
ranges. PMjo was measured as the sum of the PMy., 5 and PM, 5 particulate matter. Total
particulate matter was measured as the sum of PMyq particulate matter and all of the solids
having a size greater than 10 micrometers that were captured in the cyclone and sampling train.
There is a possible bias to higher-than-true total particulate matter concentration results due to
the geometry of the PMy, cyclone, the short length of the sampling nozzle, and the inertia of
particles larger than 10 micrometers in the sampling gas stream. Despite this possible bias, it
was decided to measure the total particulate matter using the Preliminary Method 4 sampling
train due to the ability to collect data in all size ranges simultaneously.

During the tests at RMCC Wake Forest, EPA Preliminary Method 4 was also used at the fabric
filter outlet; however, the total particulate matter catch weights in the sampling trains ranged
from only 1.0 to 2.3 milligrams. These small catch weights were distributed in several different
particle size fractions. Air Control Techniques, P.C. determined that tests sponsored by EPA® in
1993 also experienced low catch weights. To minimize data precision problems at these low
catch weights, Air Control Techniques, P.C. proposed to the RMC Research Foundation to
modify the fabric filter outlet tests procedures to use a tapered element oscillating microbalance
(TEOM) continuous particulate matter monitor. This instrument is sensitive down to particulate
matter concentrations of less than 10 micrograms per cubic meter and is therefore very
appropriate for testing low concentration particulate matter gas streams. During the tests at S.T.
Wooten (central mix), Chandler Concrete (truck mix), Concrete Supply (truck mix) and RMC
Carolina Materials (central mix), a PM;o TEOM was used at the fabric filter outlet, and EPA
Preliminary Method 4 was used only at the fabric filter inlet.

The presently available hood capture efficiency data were obtained during 1993 tests sponsored
by EPA at two plants: one in Maryland and one in Virginia. In both test programs, EPA used

1 EPA References 9 and 10 in AP42 Section 11.12.



qualitative visible emission evaluations to estimate capture efficiency. Air Control Techniques,
P.C. use of a TEOM based downwind emissions profiling sampling method provides a
quantitative methodology to determine the emissions which escape capture of the batch loading
system, thereby eliminating the subjective nature of determining capture efficiency using visible
observation methods in the source tests documented in references 1 and 2. Based on the TEOM
instrument system, Air Control Techniques, P.C. designed and used a downwind sampling array
to quantify the capture efficiency of the ready mixed concrete plant hood systems. This
sampling array design was based on the sampling principles adopted by EPA in Method 5D (40
CFR Part 60, Appendix A, Method 5D) used for sampling open top fabric filter systems. This
sampling array is also similar to the traversing hood system designed and used by Air Control
Techniques, P.C. to measure fugitive particulate matter emissions? from sloped vibrating screens
at stone crushing plants.

Air Control Techniques, P.C. used a set of downwind sampling arrays mounted vertically on the
side walls of the truck loading area and at the inlet of central mixing operations to measure the
fugitive dust mass flux through a defined 200 square foot area®. Due to space constraints, the
downwind sampling arrays were limited to a 140 square foot area for all of the following tests at
both truck and central mix facilities. The sampling arrays were mounted directly adjacent to the
transfer operations, and portions of the arrays were close to parts of the truck receiving concrete.
There were sixty sampling points in the set of two arrays; this number of points exceeds the
requirements of EPA Method 5D. The area monitored by the sampling arrays included all of the
downwind area subject to dispersion of the fugitive particulate matter. The gas transport
velocities through all sampling tubes and ductwork were maintained at a minimum of 3,500 feet
per minute to prevent settling of dust in the tubes and ductwork. Method 22 visual observations
were conducted during the run. These observations also provided qualitative supporting
information concerning the fugitive particulate matter concentrations.

Each of the sampling arrays was ducted together to yield a single sample gas stream. This gas
stream was directed past an enlarged duct with the intake for an ambient TEOM monitor meeting
the requirements of Method 10-1.3. The gas flow rate through this enclosure was maintained at
less than 5 mph. The TEOM had a PMy, sampling head and operated at a flow rate of 16.67
liters per minute. The TEOM was operated in accordance with Method 10-1.3. The instrument
was calibrated in accordance with Section 12.1 of Method 10-1.3.

The TEOM instrument was mounted on a secure base. The instrument was protected from
severe vibration. The TEOM was equilibrated prior to the start of the first test run on each test
day.

The fugitive PMyo emissions (PMyo escaping the plant hood system) were measured by
multiplying the measured ambient PM;o concentration by the ambient air flow rate through the
sampling array. A Davis Instruments, Inc. meteorological monitoring station was located within
20 feet of the sampling arrays and at the same elevation as the sampling arrays to measure the
wind direction and wind speed through the arrays. During the initial set of tests at the RMCC

% The emission factors measured using the screening operation traversing hood system have been published in AP42
Section 11.19.2 (Fifth Edition, 1995).
® The array area for the inlet to the central mixer was limited to 140 square feet due to space constraints.



Plant in December 2003, Air Control Techniques, P.C. determined that the meteorological
monitoring equipment was subject to swirling and suppressed winds caused by the deflection of
ambient wind by the plant equipment and trucks in the immediate vicinity of the monitoring
equipment. Accordingly, Air Control Techniques, P.C. obtained confirming wind speed data
from a local meteorological monitoring station located within ten miles of the plant site. During
the tests at S.T. Wooten, Chandler Concrete, Concrete Supply, and RMC Carolina Materials, Air
Control Techniques, P.C. used multiple wind speed and direction monitoring stations on the
plant site located in areas immediately adjacent to the sampling array to provide confirmation
data. Wind pennants were also mounted on the arrays to provide a direct indication of wind
direction through the array.

All of the particulate matter measured by the TEOM during the time that the equipment being
tested was operating was assumed to originate as fugitive emissions from the mixing operation
being tested. This approach introduced a bias to lower-than-true capture efficiency due to the
presence of ambient PMj in the ambient air upwind of the plant and due to other fugitive PM
sources in the plant area (i.e. roadways and truck exhaust). There was no practical means to
identify and correct for these other sources of PM;o on a continuous basis.

During the initial set of tests at the RMCC plant sources, Air Control Techniques, P.C.
determined that the particulate matter catch weights were extremely low due to the high
efficiency of the fabric filter. Air Control Techniques, P.C revised the testing procedures prior to
the tests at S.T. Wooten, Chandler Concrete, Concrete Supply, and RMC Carolina Materials to
address this issue. A second TEOM monitor was used to provide a more sensitive and precise
measurement of particulate matter emissions from the fabric filter. The entire fabric filter outlet
gas stream was captured and directed through a duct with an installed TEOM monitor. The
TEOM was used to provide a continuous indication of the PM, concentration in the fabric filter
effluent gas stream. Total particulate matter emissions were calculated based on (1) the
measured PMj, emissions from the fabric filter and (2) the total PM/ PMyy ratio at the inlet to the
fabric filter. The total PM/ PMy, ratio was checked based on scanning electron microscopy
sizing of filter samples obtained at the fabric filter outlet.

The results of the controlled* emission factor tests are summarized in Table 17.1 for the truck
mix sources and Table 17.2 for the central mix sources. The RMC Research Foundation
measured emission factors for filterable particulate matter and PMy, particulate matter are
compared with previously published AP42 emission factors (controlled conditions). No
emission factors were previously available for PMg., 5 (termed *“coarse particulate matter””) and
PM, 5 (termed “fine particulate matter”). The run-by-run data used in compiling Tables 17.1 and
17.2 are provided in Tables 17.3 through 17.8.

* Controlled emissions are the total of emissions from the fabric filter used to control the mixing operation plus the
fugitive emissions not captured by the hood.



Table 17.1 Reference 6 Truck Mix Emission Factor Test Results

RMCC Chandler Concrete Reference 6
Emission Raleigh Concrete Supply Truck Mix
Factors Truck Mix | Truck Mix Truck Mix Average
(Controlled) | (Controlled) | (Controlled)
Emission Lbs./ton Lbs./ton Lbs./ton Lbs./ton
Factors
Total
Particulate
Matter 0.0094 0.0512 0.0197 0.0268
PMyo 0.0039 0.0225 0.0035 0.0100
PMig.25 0.0033 0.0195 0.0032 0.0086
PM, s 0.0007 0.0031 0.0003 0.0013
Truck Hood, % 99.5 93.1 99.3 97.3

1. All emission factors expressed as pounds of mass per ton of cement and cement supplement
processed

2. Ratio calculated based on penetration; 100%-97.3% for RMC Research Foundation tests,
100% - 71% for previous tests

Table 17.2. Reference 6 Central Mix Emission Factor Test Results

RMC
Emission Factors RMCC S.T. Wooten Carolina Reference
Raleigh Raleigh Materials Central Mix
Central Mix | Central Mix Raleigh Average
(Controlled) | (Controlled) | Central Mix
(Controlled)
Emission Factors Lbs./ton Lbs./ton Lbs./ton Lbs./ton
Total Particulate
Matter 0.0042 0.0402 0.0191 0.0212
PMyo 0.0028 0.0095 0.0049 0.0057
PMag.o5 0.0014 0.0087 0.0043 0.0048
PM, s 0.0014 0.0007 0.0006 0.0009
. 97.5
g/‘,oentral Mix Hood, 99 3 97.2 98.0

1. All emission factors expressed as pounds of mass per ton of cement and cement supplement
processed

2. Ratio calculated based on penetration; 100%-98% for RMC Research Foundation tests, 100%
- 94% for previous tests



Table 17.3 Wake Forest RMCC Truck Mix Emissions Data

Test Results Run#1 Run#2 | Run#3 | Averages
12/8/03 12/8/03 | 12/9/03

Method 5 D-Sampling Array Results
Average Array PMy, Particulate Concentration, ug/m® 36.1 130.5 64.6 77.1
Measured PM;y Emissions Thru Array, Ibs./hour 0.0026 0.0120 0.0043 0.0063
Calculated Total Emissions Thru Array, Ibs./hour 0.0084 0.0465 0.0116 0.0222
Calculated PM, s Emissions Thru Array, Ibs./hour 0.0003 0.0012 0.0006 0.0007
Calculated PM1g.2.5 Emissions Thru Array, Ibs./hour 0.0023 0.0109 0.0036 0.0056
Fabric Filter Results
Fabric Filter Inlet, Total Particulate Concentration, Ibs./hr 3.2497 3.9991 32.1562 13.1350
Fabric Filter Outlet, Total Particulate Concentration, Ibs./hr 0.0214 0.0139 0.0211 0.0188
Fabric Filter Inlet, PM, Particulate Concentration, Ibs./hr 1.0090 1.0351 11.8126 4.6189
Fabric Filter Outlet, PM,, Particulate Concentration, Ibs./hr 0.0214 0.0042 0.0211 0.0156
Fabric Filter Inlet, PM, 5 Particulate Concentration, Ibs./hr 0.1247 0.0989 1.7750 0.6662
Fabric Filter Outlet, PM, 5 Particulate Concentration, Ibs./hr 0.00005 0.0014 0.00703 0.0028
Fabric Filter Inlet, PMy,., 5 Particulate Concentration, Ibs./hr 0.8843 0.9362 10.0376 3.9527
Fabric Filter Outlet, PM;,., 5 Particulate Concentration, Ibs./hr 0.0214 0.0028 0.0141 0.0128
Particulate Size Ratios based on Fabric Filter Inlet Data
Total / PM;o for TEOM Total Calculation 3.22 3.86 2.72 3.27
PM, 5 / PM;o for TEOM PM, 5 Calculation 0.12 0.10 0.15 0.12
PMyg.25PM1g Ratio for TEOM PMio.o5 Calculation 0.88 0.90 0.85 0.88
Emission Factor Results
Average Plant Production Levels During Tests, Tons/Hour 8.58 3.00 6.91 6.16
Total Particulate Emission Factor, Ibs./ton 0.00347 0.02011 0.00468 0.00942
Total PM;q Emission Factor, Ibs./ton 0.00280 0.00538 0.00362 0.00393
Total PMyg., 5 Emission Factor, Ibs./ton 0.00276 0.00452 0.00253 0.00327
Total PM, 5 Emission Factor, Ibs./ton 0.00003 0.00086 0.00109 0.00066
Collection Efficiencies
Fabric Filter Total Efficiency 99.3% 99.7% 99.9% 99.6%
Truck Hood PMy, Efficiency 99.7% 98.8% 99.9% 99.5%
System Collection Efficiency 97.6% 98.4% 99.8% 98.6%




Table 17.4. Wake Forest RMCC Central Mix Emissions Data

Test Results Run#1 Run # 2 Run#3 Averages
12/10/03 12/11/03 12/11/03
Method 5 D-Sampling Array Results
Average Array PM, Particulate Concentration, ug/m® 18.8 16.4 57.9 31.0
Measured PM,y Emissions Thru Array, Ibs./hour 0.0009 0.0020 0.0067 0.0032
Calculated Total Emissions Thru Array, Ibs./hour 0.0029 0.0053 0.0178 0.0087
Calculated PM, s Emissions Thru Array, Ibs./hour 0.0003 0.0003 0.0010 0.0005
Calculated PMyg., s Emissions Thru Array, Ibs./hour 0.0006 0.0018 0.0057 0.0027
Fabric Filter Results
Fabric Filter Inlet, Total Particulate Concentration, Ibs./hr 0.6950 1.5389 1.3322 1.1887
Fabric Filter Outlet, Total Particulate Concentration, Ibs./hr 0.0270 0.0198 0.0262 0.0243
Fabric Filter Inlet, PM;, Particulate Concentration, Ibs./hr 0.2094 0.5922 0.4987 0.4334
Fabric Filter Outlet, PM,, Particulate Concentration, Ibs./hr 0.0270 0.0128 0.0148 0.0182
Fabric Filter Inlet, PM, 5 Particulate Concentration, Ibs./hr 0.0617 0.0799 0.0729 0.0715
Fabric Filter Outlet, PM, 5 Particulate Concentration, Ibs./hr 0.0170 0.0000 0.0103 0.0091
Fabric Filter Inlet, PM,., 5 Particulate Concentration, Ibs./hr 0.1477 0.5123 0.4258 0.3619
Fabric Filter Outlet, PM;4., 5 Particulate Concentration, Ibs./hr | 0.0099 0.0128 0.0046 0.0091
Particulate Size Ratios based on Fabric Filter Inlet Data
Total / PM;o for TEOM Total Calculation 3.32 2.60 2.67 2.86
PM, 5 / PM;o for TEOM PM, 5 Calculation 0.29 0.13 0.15 0.19
PMyg.05PM1g Ratio for TEOM PMyg.05 Calculation 0.71 0.87 0.85 0.81
Emission Factor Results
Average Plant Production Levels During Tests, Tons/Hour 6.82 8.88 7.18 7.63
Total Particulate Emission Factor, Ibs./ton 0.00431 0.00232 0.00612 0.00425
Total PM;q Emission Factor, Ibs./ton 0.00401 0.00134 0.00299 0.00278
Total PM;q., 5 Emission Factor, Ibs./ton 0.00153 0.00130 0.00142 0.00142
Total PM, s Emission Factor, Ibs./ton 0.00249 0.00003 0.00157 0.00136
Collection Efficiencies
Fabric Filter Total Efficiency 96.1% 98.7% 98.0% 97.6%
Truck Hood PMy, Efficiency 99.6% 99.7% 98.7% 99.3%
System Collection Efficiency 86.7% 97.5% 95.7% 93.3%




Table 17.5. S.T. Wooten Central Mix Emissions Data

Test Results Run#1 Run # 2 Run#3 Averages
3/2/04 3/2/04 3/2/04

Method 5 D-Sampling Array Results
Average Array PMy, Particulate Concentration, ug/m’ 80.86 426.70 402.62 303.4
Measured PM,o Emissions Thru Array, Ibs./hour 0.0261 0.1616 0.0501 0.0792
Calculated Total Emissions Thru Array, Ibs./hour 0.1088 0.9414 0.1119 0.3874
Calculated PM, s Emissions Thru Array, Ibs./hour 0.0023 0.0136 0.0029 0.0063
Calculated PM1g.2.5 Emissions Thru Array, Ibs./hour 0.0238 0.1480 0.0471 0.0730
Fabric Filter Results
Fabric Filter Inlet, Total Particulate Concentration, Ibs./hr 13.46 14.82 12.74 13.67
Fabric Filter Outlet, Total Particulate Concentration, Ibs./hr 0.047 0.049 0.274 0.123
Fabric Filter Inlet, PM;, Particulate Concentration, Ibs./hr 3.22 2.54 5.7 3.82
Fabric Filter Outlet, PM,, Particulate Concentration, Ibs./hr 0.011 0.008 0.122 0.047
Fabric Filter Inlet, PM, 5 Particulate Concentration, Ibs./hr 0.28 0.21 0.33 0.28
Fabric Filter Outlet, PM, 5 Particulate Concentration, Ibs./hr 0.00098 0.00070 0.0071 0.00294
Fabric Filter Inlet, PM;q., 5 Particulate Concentration, Ibs./hr 2.94 2.33 5.36 3.55

Fabric Filter Outlet, PMy,.2 5 Particulate Concentration, Ibs./hr | 0.0103 0.0076 0.1152 0.0444

Particulate Size Ratios based on Fabric Filter Inlet Data

Total / PM,o for TEOM Total Calculation 4.17 5.83 2.24 4.08
PM, s/ PM,, for TEOM PM, s Calculation 0.09 0.08 0.06 0.08
PM1q.,5PMy, Ratio for TEOM PMy,,5 Calculation 0.91 0.92 0.94 0.92
Emission Factor Results

Average Plant Production Levels During Tests, Tons/Hour 7.90 13.10 15.27 12.09
Total Particulate Emission Factor, Ibs./ton 0.01972 0.07560 0.02526 0.04020
Total PM;q Emission Factor, Ibs./ton 0.00470 0.01240 0.01127 0.00945
Total PM;q.,5 Emission Factor, Ibs./ton 0.00428 0.01131 0.01061 0.00873
Total PM, s Emission Factor, Ibs./ton 0.00042 0.00109 0.00065 0.00072
Collection Efficiencies

Fabric Filter Total Efficiency 99.6% 99.7% 97.9% 99.0%
Truck Hood PMy, Efficiency 99.2% 94.0% 99.1% 97.5%

System Collection Efficiency 98.8% 93.3% 97.0% 96.4%




Table 17.6. Chandler Concrete, Troutville Truck Mix Emissions Data

Test Results Run#1 Run # 2 Run#3 Averages
12/8/03 12/8/03 12/9/03
Method 5 D-Sampling Array Results
Average Array PM, Particulate Concentration, ug/m® 983.4 495.3 1511.2 996.6
Measured PM,y Emissions Thru Array, Ibs./hour 0.0786 0.0991 0.0886 0.0887
Calculated Total Emissions Thru Array, Ibs./hour 0.1623 0.2099 0.2410 0.2044
Calculated PM, s Emissions Thru Array, Ibs./hour 0.0163 0.0098 0.0108 0.0123
Calculated PM1g.5 Emissions Thru Array, Ibs./hour 0.0622 0.0893 0.0777 0.0764
Fabric Filter Results
Fabric Filter Inlet, Total Particulate Concentration, Ibs./hr 2.52 1.80 5.62 3.32
Fabric Filter Outlet, Total Particulate Concentration, Ibs./hr 0.065 0.064 0.150 0.093
Fabric Filter Inlet, PM;, Particulate Concentration, Ibs./hr 1.221 0.851 2.066 1.380
Fabric Filter Outlet, PM,, Particulate Concentration, Ibs./hr 0.031 0.030 0.055 0.039
Fabric Filter Inlet, PM, 5 Particulate Concentration, Ibs./hr 0.254 0.084 0.252 0.197
Fabric Filter Outlet, PM, 5 Particulate Concentration, Ibs./hr 0.007 0.003 0.007 0.005
Fabric Filter Inlet, PM;q., 5 Particulate Concentration, Ibs./hr 0.967 0.767 1.814 1.183
Fabric Filter Outlet, PM 1., 5 Particulate Concentration,
Ibs./hr 0.025 0.027 0.048 0.033
Particulate Size Ratios based on Fabric Filter Inlet Data
Total / PM;o for TEOM Total Calculation 2.07 2.12 2.72 2.30
PM, 5 / PM,, for TEOM PM, 5 Calculation 0.21 0.10 0.12 0.14
PMyg.05PM1g Ratio for TEOM PMg.o5 Calculation 0.79 0.90 0.88 0.86
Emission Factor Results
Average Plant Production Levels During Tests, Tons/Hour 6.19 4.12 7.75 6.02
Total Particulate Emission Factor, Ibs./ton 0.03673 0.06647 0.05045 0.05122
Total PM;q Emission Factor, Ibs./ton 0.01771 0.03133 0.01853 0.02252
Total PM;q.,5 Emission Factor, Ibs./ton 0.01395 0.02823 0.01623 0.01947
Total PM, s Emission Factor, Ibs./ton 0.00377 0.00311 0.00230 0.00306
Collection Efficiencies
Fabric Filter Total Efficiency 97.4% 96.5% 97.3% 97%
Truck Hood PMy, Efficiency 94.0% 89.6% 95.9% 93.1%
System Collection Efficiency 91.0% 84.8% 93.0% 89.6%




Table 17.7. Concrete Supply, Rock Hill Truck Mix Emissions Data

Test Results Run#1 Run # 2 Run#3 | Averages
5/12/04 5/12/04 5/13/04

Method 5 D-Sampling Array Results
Average Array PM, Particulate Concentration, ug/m® 351.0 854.6 527.0 577.5
Measured PM,y Emissions Thru Array, Ibs./hour 0.0170 0.0585 0.0378 0.0378
Calculated Total Emissions Thru Array, Ibs./hour 0.0885 0.2154 0.2897 0.1979
Calculated PM, s Emissions Thru Array, Ibs./hour 0.0025 0.0049 0.0026 0.0034
Calculated PM1g.2.5 Emissions Thru Array, Ibs./hour 0.0145 0.0536 0.0351 0.0344
Fabric Filter Results
Fabric Filter Inlet, Total Particulate Concentration, Ibs./hr 15.992 24.505 43.483 27.99
Fabric Filter Outlet, Total Particulate Concentration, Ibs./hr 0.070 0.132 0.192 0.131
Fabric Filter Inlet, PM;, Particulate Concentration, Ibs./hr 3.071 6.654 5.668 5.131
Fabric Filter Outlet, PM1, Particulate Concentration, Ibs./hr 0.013 0.036 0.025 0.025
Fabric Filter Inlet, PM, 5 Particulate Concentration, Ibs./hr 0.456 0.561 0.393 0.470
Fabric Filter Outlet, PM, 5 Particulate Concentration, Ibs./hr 0.002 0.003 0.002 0.002
Fabric Filter Inlet, PM;q., 5 Particulate Concentration, Ibs./hr 2.615 6.093 5.275 4.6609
Fabric Filter Outlet, PM1q., 5 Particulate Concentration, Ibs./hr | 0.011 0.033 0.023 0.023
Particulate Size Ratios based on Fabric Filter Inlet Data
Total / PM,o for TEOM Total Calculation 5.21 3.68 7.67 5.52
PM,5 / PM;, for TEOM PM, 5 Calculation 0.15 0.08 0.07 0.10
PMy5.25PM;y Ratio for TEOM PM;q.,5 Calculation 0.85 0.92 0.93 0.90
Emission Factor Results
Average Plant Production Levels During Tests, Tons/Hour 20.24 21.73 13.91 18.63
Total Particulate Emission Factor, Ibs./ton 0.00783 0.01599 0.03538 0.01973
Total PM; Emission Factor, Ibs./ton 0.00148 0.00435 0.00461 0.00348
Total PM;q., 5 Emission Factor, Ibs./ton 0.00126 0.00399 0.00427 0.00317
Total PM, 5 Emission Factor, Ibs./ton 0.00022 0.00036 0.00034 0.00031
Collection Efficiencies
Fabric Filter Total Efficiency 99.6% 99.5% 99.6% 99.5%
Truck Hood PMy, Efficiency 99.4% 99.1% 99.3% 99.3%
System Collection Efficiency 99.0% 98.6% 98.9% 98.8%




Table 17.8. RMC Carolina Materials Central Mix Emissions Data

Test Results Run#1 Run#2 Run#3 Averages
5/19/04 5/19/04 5/20/04

Method 5 D-Sampling Array Results
Average Array PMy, Particulate Concentration, ug/m’ 309.2 223.7 193.3 242.1
Measured PM;o Emissions Thru Array, Ibs./hour 0.1013 0.0456 0.0132 0.0534
Calculated Total Emissions Thru Array, Ibs./hour 0.3972 0.1761 0.0601 0.2111
Calculated PM, s Emissions Thru Array, Ibs./hour 0.0072 0.0083 0.0013 0.0056
Calculated PM1g.2.5 Emissions Thru Array, Ibs./hour 0.0942 0.0373 0.0119 0.0478
Fabric Filter Results
Fabric Filter Inlet, Total Particulate Concentration, Ibs./hr 7.580 5.823 10.254 7.886
Fabric Filter Outlet, Total Particulate Concentration, Ibs./hr 0.0056 0.0064 0.0058 0.0060
Fabric Filter Inlet, PM, Particulate Concentration, Ibs./hr 1.934 1.508 2.245 1.896
Fabric Filter Outlet, PMy, Particulate Concentration, Ibs./hr 0.0014 0.0017 0.0013 0.0015
Fabric Filter Inlet, PM, 5 Particulate Concentration, Ibs./hr 0.137 0.274 0.219 0.2098
Fabric Filter Outlet, PM, 5 Particulate Concentration, Ibs./hr 0.0001 0.0003 0.0001 0.0002
Fabric Filter Inlet, PM;,., 5 Particulate Concentration, Ibs./hr 1.797 1.235 2.027 1.6860
Fabric Filter Outlet, PM,q., 5 Particulate Concentration, Ibs./hr | 0.001 0.001 0.001 0.001
Particulate Size Ratios based on Fabric Filter Inlet Data
Total / PM;o for TEOM Total Calculation 3.92 3.86 4,57 4,12
PM, s / PM;, for TEOM PM, s Calculation 0.07 0.18 0.10 0.12
PMyg.25PM1g Ratio for TEOM PMio.o5 Calculation 0.93 0.82 0.90 0.88
Emission Factor Results
Average Plant Production Levels During Tests, Tons/Hour 13.01 8.15 16.82 12.66
Total Particulate Emission Factor, Ibs./ton 0.03097 0.02240 0.00392 0.01909
Total PM;q Emission Factor, Ibs./ton 0.00790 0.00581 0.00086 0.00485
Total PM;q., 5 Emission Factor, Ibs./ton 0.00733 0.00475 0.00078 0.00429
Total PM, s Emission Factor, Ibs./ton 0.000561 | 0.0010555 | 0.0000835 | 0.00057
Collection Efficiencies
Fabric Filter Total Efficiency 99.9% 99.9% 99.9% 99.9%
Truck Hood PM,, Efficiency 95.0% 97.1% 99.4% 97.2%
System Collection Efficiency 94.7% 96.9% 99.4% 97.0%




The total amount of concrete processed by the concrete mixing trucks during each test run was
recorded in units of yards. The five plants tested recorded the amount of each raw material used
for each order. The mix composition information and processing rate information are
summarized for each test run in Tables 17.9 through 17.14. All of the processes operated in a
normal manner during the test program.

Table 17.9. Wake Forest, RMCC Truck Mix Production Data
Parameters Truck Mix | Truck Mix | Truck Mix | Averages
Run#1 Run # 2 Run#3
Test Date 12/8/03 12/8/03 12/9/03 N/A
Run Start Time 9:01 12:14 7:53 N/A
Run Stop Time 11:12 14:14 10:03 N/A
Number of Truck Loads 11 6 7 8
Sand, Ibs. 104,440 30,280 80,360 71,693
Stone 67 Size, Ibs. 118,840 25,480 72,440 72,253
Stone 78 Size, Ibs. 14,480 9,960 20,680 15,040
Cement, Ibs. 28,170 9,540 21,480 19,730
Flyash, Ibs. 9,350 2,460 7,180 6,330
Liquid Air, Ibs. 26.06 4.56 19.50 16.71
Water Reducer, Ibs. 11.81 16.94 37.25 22.00
Retarder, Ibs. 0 0 0 0
High Range Water Reducer, Ibs. 0 3.44 0 1.15
Calcium Accelerator, Ibs. 175 0 71.88 82.29
Non-Chloride Accelerator, Ibs. 210 0 0 70
Water, Ibs. 9,552 1,872 5,552 5,658.7
Total Process Weight, Ibs. 285,255 79,617 207,821 | 190,897.7
Total Process Weight, tons 142.6 39.8 103.9 95.4
Total Process Weight, yards 75 23 54 50.7
Tons / Yard 1.91 1.77 1.92 1.87




Table 17.10. Wake Forest, RMCC Central Mix Production Data

Parameters Run#1 Run# 2 Run#3 | Averages
Test Date 12/10/03 12/11/03 12/11/03 N/A
Run Start Time 8:22 7:31 12:21 N/A
Run Stop Time 13:24 9:37 15:35 N/A
Number of Truck Loads 5 7 7 6.3
Sand, Ibs. 66,560 96,560 88,640 83,920
Stone 67 Size, Ibs. 88,240 124,120 113,240 108,533
Stone 78 Size, Ibs. 0 0 0 0
Cement, Ibs. 22,230 29,680 26,320 26,076.7
Flyash, Ibs. 4,770 7,430 6,970 6,390
Liquid Air, Ibs. 14.44 21.88 21.5 19.27
Water Reducer, Ibs. 34.81 11.88 45.31 30.67
Retarder, Ibs. 0 0 0 0
High Range Water Reducer, 0 0 0 0
Ibs.
Calcium Accelerator, Ib 65.63 66.25 17.50 49.79
Non-Chloride Accelerator, Ibs. 0 280 0 93.3
Water, Ibs. 3,160 6,564 3,888 4,537.3
Total Process Weight, Ibs 185,075 264,734 239,142 296,317
Total Process Weight, tons 92.5 132.4 119.6 114.8
Total Process Weight, yards 49 69 64 60.7
Tons / Yard 1.89 1.92 1.87 1.89




Table 17.11. S.T. Wooten Concrete Central Mix Production Data

Parameters Run#1 Run # 2 Run#3 | Averages
Test Date 3/2/104 3/2/04 3/2/04 N/A
Run Start Time 9:10 11:12 13:04 N/A
Run Stop Time 10:10 12:12 14:05 N/A
Number of Truck Loads 5 5 6 5.3
Sand, Ibs. 41,380 68,780 79,100 63,090
Stone 57 Size, Ibs. 53,620 88,800 101,880 81,433
Cement, Ibs. 12,540 19,310 23,800 18,550
Flyash, Ibs. 3,460 6,580 7,190 5,743
Liquid Air, Ibs. 5.43 6.18 9.06 6.90
Polyheed, Ibs. 52.5 157.25 153.5 121.1
Water, Ibs. 2,804 6,192 6,885 5,294
Total Process Weight, Ibs 113,862 189,815 219,018 174,238
Total Process Weight, tons 56.94 94.91 109.51 87.12
Total Process Weight, yards 29.500 50.000 57.50 45.67
Tons / Yard 1.98 1.90 1.90 1.93




Table 17.12. Chandler Concrete Truck Mix Production Data

Parameters Run#1 Run # 2 Run#3 | Averages
Test Date 3/17/04 3/17/04 3/18/04 N/A
Run Start Time 7:17 9:17 12:40 N/A
Run Stop Time 8:34 13:21 14:50 N/A
Number of Truck Loads 4 4 4 4
Stone 57, Ibs. 43,180 28,700 56,960 42,946.7
Limestone, Ibs. 33,040 17,220 28,260 26,173.3
Type 1-2 Cement, Ibs. 12,245 6,690 11,915 10,283.3
Castle 5,100 6,620 19,120 10,280.0
Flyash, Ibs. 1,220 1,495 4,105 2,273.3
Liquid Air, Ibs. 1.75 2.25 3.00 2.33
Water Reducer, Ibs. 12.81 14.50 38.38 21.90
Polarset, 1bs. 69 0 0 23.0
Water, Ibs. 5315.95 2,995.96 6,993.36 5,101.8
Total Process Weight, Ibs. 100,185 63,738 127,395 97,105.7
Total Process Weight, tons 50.092 31.869 63.697 48.6
Total Process Weight, yards 24.5 14.50 32.0 23.7
Tons / Yard 2.03 2.16 1.99 2.1




Table 17.13. Concrete Supply Truck Mix Production Data

Parameters Run#1 Run # 2 Run#3 | Averages
Test Date 5/12/04 5/12/04 5/13/04 N/A
Run Start Time 7:50 10:07 9:06 N/A
Run Stop Time 8:50 11:06 10:10 N/A
Number of Truck Loads 8 9 5 7.3
Sand, Ibs. 95,731 80,700 51,080 75,837
Stone, Ibs. 130,660 107,130 66,750 101,513
Type 1-2 Cement, Ibs. 38,490 33,525 21,380 31,131
Flyash, Ibs. 1,785 9,160 5,910 5,618
Water, Ibs. 11,082.16 9,897.17 6,225.37 9,068.23
Water Reducer, Ibs. 58.5 55.31 6.5 40.1
Liquid Air, Ibs. 3.81 13.88 10.06 9.25
M.S. Sand, Ibs. 5,970 26,150 17,740 16,620
Retarder, Ibs. 42.81 29.13 46.56 39.29
Adva, Ibs. 53.13 0 0 17.71
Delvo, Ibs 75.06 0 0 25.02
Total Process Weight, Ibs. 283,951 266,660 169,148 239,919
Total Process Weight, tons 141.976 133.330 84.574 119.96
Total Process Weight, yards 71.250 67.20 43.00 60.48
Tons / Yard 1.99 1.99 1.97 1.98




Table 17.14. RMC Carolina Materials Central Mix Production Data

Parameters Run#1 Run # 2 Run#3 | Averages
Test Date 5/19/04 5/19/04 5/20/04 N/A
Run Start Time 8:10 10:08 8:52 N/A
Run Stop Time 9:09 11:11 9:52 N/A
Number of Truck Loads 5 4 8 5.7
Sand, Ibs. 65,120 39,700 81,320 62,046
Stone, Ibs. 78,860 51,840 100,700 77,133
Type 1-2 Cement, Ibs. 20,860 13,100 27,280 20,413
Flyash, Ibs. 4,990 3,190 6,580 4,920
Water, Ibs. 66,092.4 40,256.28 | 61,763.04 | 56,037.24
Water Reducer, Ibs. 64.69 34.94 67.31 55.65
Liquid Air, Ibs. 0 3.06 18.25 7.10
Retarder, Ibs. 0 0 6.5 2.2
Total Process Weight, Ibs. 235,987 148,124 277,735 220,614
Total Process Weight, tons 117.994 74.052 138.868 110.307
Total Process Weight, yards 45.0 29.0 58.0 44
Tons / Yard 2.62 2.55 2.42 2.51

The raw materials for both the truck and central mix processes come from the same sources and,
therefore, were sampled only once at the Wake Forest, RMCC plant. The raw material size
distribution, moisture levels, and silt contents are summarized in Table 3-7.



Table 17.15. Raw Material Particle Size Distribution, Moisture Levels and Silt Contents

Time | % i £ S| & & B s = ©

Raw Dateof | Sampl |S s E|EgE|(EcL|Esg| Eg 0\25—55%@/ -2

Material Test e (_2:5& O=g 058 058 058 S8x7 °'§

Taken | X L H®H(E S| € I

RMCC, Wake Forest Plants (Truck Mix and Central Mix)

Sand | 12/8/03 | 13:00 | 0.0 0.0 | 41.06 | 56.61 | 1.56 0.77 12.87°
Stone | 12/8/03 | 13:00 | 0.0 | 33.59 | 64.93 | 0.77 0.34 0.38 1.44

Cement | 12/8/03 | 14:00 | 0.0 0.0 0.0 |79.96 | 10.01 10.03 0.27
Flyash | 12/9/03 | 08:07 | 0.0 0.0 0.0 414 | 11.13 84.73 0.21

S.T. Wooten, Raleigh Plant

Cement | 3/2/04 | 11:52 | 0.0 0.0 0.0 37.7 12.5 49.8 0.30
Flyash | 3/2/04 | 13:.06 | 0.0 0.0 031 | 1.78 10.3 87.6 0.09
Sand 3/2/04 | 9:11 0.0 0.0 193 | 79.1 0.7 0.8 6.3
Stone 3/2/04 | 11:18 | 0.0 18.8 | 78.9 1.1 0.4 0.8 1.1

Chandler Concrete, Troutville Plant

Cement | 3/16/04 | 13:15 | 0.0 0.0 0.0 73.5 21.94 4.56 0.39
Flyash | 3/16/04 | 13:22 | 0.0 0.0 37.2 | 3.18 9.63 86.81 0.16
Sand | 3/16/04 | 10:57 | 0.0 0.0 5.80 | 92.57 1.43 0.2 8.01
Stone | 3/16/04 | 12:24 | 0.0 9.92 | 89.05 | 0.35 0.18 0.50 2.07

Concrete Supply, Rock Hill Plant

Cement | 5/11/04 | 13:15 | 0.0 0.0 0.09 | 80.68 | 18.12 1.11 0.31
Flyash | 5/11/04 | 14:38 | 0.0 0.0 | 0.189 | 3.89 12.28 83.64 0.07
Sand | 5/11/04 | 15:21 | 0.0 0.0 | 24.96 | 72.59 1.96 0.48 3.43
Stone | 5/11/04 | 16:33 | 0.0 | 18.87 | 80.41 | 0.17 0.11 0.44 0.46

RMC Carolina Materials, Raleigh Plant

Cement | 5/18/04 | 15:13 | 0.0 0.0 0.70 | 91.74 5.26 2.30 1.07
Flyash | 5/18/04 | 16:13 | 0.0 0.0 0.24 | 4.07 26.87 68.82 0.19
Sand | 5/18/04 | 12:45 | 0.0 0.0 | 23.89 | 73.25 2.25 0.62 7.70
Stone | 5/18/04 | 17:08 | 0.0 | 22.05 | 76.94 | 0.39 0.19 0.42 0.86

Wind Speed and Direction

Meteorological data were monitored on a continuous basis on the downwind side of the process
being tested. During the first test run at the RMCC plant, it was determined that the wind speed
and direction were erratic due to constant truck traffic moving from the loading areas to the
wash-off area and the topography of the surrounding plant area. Earth berms and trees surround
the plant and form a bowl shaped depression around the plant. The topography causes swirling
wind conditions, especially during truck movement in and out of the loading areas. For this
reason, the data were erratic and could not be used to evaluate wind direction. Air Control
Techniques, P.C. visually observed wind direction to confirm that fugitive emissions were
passing through the array. The rapid response of the TEOM monitor to the fugitive emissions

® The sand moisture content of 12.87% is higher than levels in some parts of the U.S. This sand moisture value has

been confirmed for this facility.




during each truck and central mixer loading operation also provided direct confirmation that the
wind direction was in the appropriate direction during the test program. Table 17.16 summarizes
the average wind speeds during both the truck and central mix tests for the five plants tested.

Table 17.16. Wind Speed Averages
Test Run | Average Wind Speed, MPH
RMCC Wake Forest
Truck Mix Run # 1 1.1
Truck Mix Run # 2 1.4
Truck Mix Run # 3 1!
Average 1.2
RMCC Wake Forest
Central Mix Run # 1 1!
Central Mix Run # 2 2.7
Central Mix Run # 3 2.5
Average 2.1
S.T. Wooten, Raleigh
Central Mix Run # 1 7.0
Central Mix Run # 2 8.2
Central Mix Run # 3 2.7
Average 6.0
Chandler Concrete?
Truck Mix Run # 1 1.7
Truck Mix Run # 2 4.3
Truck Mix Run # 3 1.3
Average 2.4
Concrete Supply
Truck Mix Run # 1 1.1
Truck Mix Run # 2 1.5
Truck Mix Run # 3 1.6
Average 14
RMC Carolina Materials
Central Mix Run# 1 7.1
Central Mix Run # 2 4.4
Central Mix Run # 3 1.5
Average 4.3

1. One mph was used as a default value during tests in which
the meteorological monitoring station was blocked by
trucks being loaded.

2. Wind speed potentially biased low due to wind blocking
effect of truck on meteorological monitoring station.
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5. FINAL EMISSION FACTORS

5.1 Truck Mix and Central Mix Loading Particulate Matter Emission Factors
Emission factor data (run-by-run) applicable to controlled truck mix and central mix loading

operations are summarized in Tables 18.1 and 18.2. The emission factor data for uncontrolled

conditions are summarized in Tables 18.3 and 18.4.

The emission factor data for the six plants summarized in reference 6 are rated A because the
fugitive emission rates were measured directly using EPA reference methods. The emission

factor data for the plant summarized in reference 1 and the two plants summarized in reference 2
are rated B because the fugitive emission rates from the loading operations were estimated based
on qualitative visible emission observations.

Table 18.1. Central Mix Loading Operation (Controlled) Emission Factor Data
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6 | RMCC 1 027 | 0.21 0.21 6.82 1 0.0043 | 0.0041 0.00259 | A
6 | RMCC 2 027 | 0.21 0.21 8.88 2.7 0.0023 | 0.0013 0.00003 | A
6 | RMCC 3 027 | 0.21 0.21 7.18 2.5 0.0030 | 0.0030 0.00157 | A
Test Average | 0.27 | 0.21 0.21 7.63 2.1 | 0.0032 | 0.0028 0.00140
6 | S.T.Wooten 1 0.30 | 0.09 0.09 7.90 1.0 0.0197 | 0.0047 0.00042 | A
6 | S.T.Wooten 2 0.30 | 0.09 0.09 13.10 8.2 0.0756 | 0.0124 0.00109 | A
6 | S.T.Wooten 3 0.30 | 0.09 0.09 15.27 2.7 0.0253 | 0.0114 0.00066 | A
Test Average | 0.3 0.09 0.09 12.09 4.0 | 0.0402 | 0.0095 0.00072
6 | Carolina Mat’l 1 1.07 | 0.19 0.19 13.01 7.1 0.0310 | 0.0079 0.00056 | A
6 | Carolina Mat’l 2 1.07 | 0.19 0.19 8.15 4.4 0.0224 | 0.0058 0.00106 | A
6 | Carolina Mat’l 3 1.07 | 0.19 0.19 16.80 15 0.0039 | 0.0039 0.00008 | A
Test Average | 1.07 | 0.19 0.19 12.65 43 | 0.0191 | 0.0059 0.00057
Cheney
1 | Enterprises 10 | 013 | 0.06 0.13 15.09 ND | 0.0081 | 0.0057 ND B
Cheney
1 | Enterprises 11 0.13 0.06 0.13 15.61 ND 0.0391 | 0.0101 ND B
Cheney
1 | Enterprises 12 0.13 0.06 0.13 15.72 ND 0.0048 | 0.0002 ND B
Cheney
1 | Enterprises 13 | 013 | 0.06 0.13 14.01 ND | 0.0020 | 0.0014 ND B
Cheney
1 | Enterprises 17 | 013 | 0.06 0.13 22.43 ND | 0.0019 | 0.0015 ND B
Test Average | 0.13 | 0.06 0.13 16.572 0.0116 | 0.0038




Table 18.2. Truck Mix Loading Operation (Controlled) Emission Factor Data
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6 | RMCC 1 0.27 0.21 0.21 8.58 1.0 | 0.0035 | 0.0028 3.50E-09 A
6 | RMCC 2 0.27 0.21 0.21 3.00 1.4 | 0.0201 | 0.0054 8.63E-04 A
6 | RMCC 3 0.27 0.21 0.21 6.91 1.0 | 0.0047 | 0.0036 1.09E-03 A
Test Average | 0.27 0.21 0.21 6.16 1.13 | 0.0094 | 0.0039 | 6.63E-04
6 | Chandler 1 0.39 0.16 0.16 6.19 1.7 | 0.0367 | 0.0177 3.77E-03 A
6 | Chandler 2 0.39 0.16 0.16 4.12 4.3 | 0.0665 | 0.0313 3.11E-03 A
6 | Chandler 3 0.39 0.16 0.16 7.75 1.3 | 0.0504 | 0.0185 2.30E-03 A
Test Average | 0.39 0.16 0.16 6.02 2.43 | 0.0512 | 0.0225 | 3.06E-03
6 | Concrete Supply 1 0.31 0.07 0.07 20.24 1.1 | 0.0078 | 0.0015 2.22E-04 A
6 | Concrete Supply 2 0.31 0.07 0.07 21.73 15 | 0.0160 | 0.0044 3.64E-04 A
6 | Concrete Supply 3 0.31 0.07 0.07 13.61 1.6 | 0.0354 | 0.0046 3.38E-04 A
Test Average | 0.31 0.07 0.07 18.53 1.40 | 0.0197 | 0.0035 | 3.08E-04
2 | CRMC 1 0.03 NA 0.03 16.86 N.D. | 0.0985 | 0.0308 N.D. B
2 | CRMC 2 0.03 NA 0.03 20.27 N.D. | 0.1349 | 0.0333 N.D. B
2 | CRMC 3 0.03 NA 0.03 18.61 N.D. | 0.1096 | 0.0275 N.D. B
2 | CRMC 4 0.03 NA 0.03 16.92 N.D. | 0.0849 | 0.0180 N.D. B
2 | CRMC 5 0.03 NA 0.03 11.83 N.D. | 0.0856 | 0.0233 N.D. B
2 | CRMC 6 0.03 NA 0.03 N.D. N.D. | 0.9854 | 0.2067 N.D. B
2 | CRMC 7 0.03 NA 0.03 29.00 N.D. | 0.0305 | 0.0289 N.D. B
2 | CRMC 8 0.03 NA 0.03 26.30 N.D. | 0.0072 | 0.0055 N.D. B
2 | CRMC 9 0.03 NA 0.03 18.61 N.D. | 0.0120 | 0.0070 N.D. B
2 | CRMC 10 | 0.03 NA 0.03 16.55 N.D. | 0.0084 | 0.0053 N.D. B
Test Average | 0.03 0.03 19.44 0.1557 | 0.0386
1 | Chaney 2 0.13 0.06 0.06 14.60 N.D. | 0.0721 | 0.0540 N.D. B
1 | Chaney 4 0.13 NA 0.13 13.92 N.D. | 0.0396 | 0.0285 N.D. B
1 | Chaney 9 0.13 NA 0.13 19.56 N.D. | 0.0261 | 0.0116 N.D. B
1 | Chaney 14 | 0.13 0.06 0.06 14.70 N.D. 0.0980 N.D. B
1 | Chaney 15 | 0.13 0.06 0.06 17.88 N.D. | 0.6304 | 0.0706 N.D. B
1 | Chaney 16 | 0.13 NA 0.13 11.01 N.D. | 0.5054 | 0.1144 N.D. B
Test Average | 0.13 0.06 0.095 15.28 0.2547 | 0.0629




Table 18.3. Central Mix Loading Operation (Uncontrolled) Emission Factor Data
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6 | RMCC 1 027 | 0.21 0.21 6.82 1 0.102 | 0.031 0.009 | A
6 | RMCC 2 027 | 0.21 0.21 8.88 2.7 0.174 | 0.067 0.009 | A
6 | RMCC 3 027 | 0.21 0.21 7.18 2.5 0.165 | 0.062 0.009 | A
Test Average | 0.27 0.21 0.21 7.63 2.1 0.147 0.053 0.009
6 | S.T.Wooten 1 0.30 | 0.09 0.09 7.90 1.0 1718 | 0.411 0.0357 | A
6 | S.T.Wooten 2 0.30 | 0.09 0.09 13.10 8.2 1.203 | 0.206 0017 | A
6 | S.T.Wooten 3 0.30 | 0.09 0.09 15.27 2.7 0.841 | 0.376 0022 | A
Test Average | 0.3 0.09 0.09 12.09 4.0 1.254 0.331 0.0249
6 | Carolina Mat’l 1 1.07 0.19 0.19 13.01 7.1 0.0613 | 0.156 0011 | A
6 | Carolina Mat’l 2 1.07 0.19 0.19 8.15 4.4 0.736 | 0.191 0035 | A
6 | Carolina Mat’l 3 1.07 0.19 0.19 16.80 1.5 0.613 | 0.134 00131 | A
Test Average | 1.07 0.19 0.19 12.65 4.3 0.4701 0.160 0.0197
Cheney
1 | Enterprises 10 | 013 | 0.06 0.13 15.09 ND | 0.0794 | 0.0564 ND B
Cheney
1 | Enterprises 11 | 013 | 0.06 0.13 15.61 ND 0.242 | 0.0622 ND B
Cheney
1 | Enterprises 12 | 013 | 0.06 0.13 15.72 ND | 0.4568 0.01 ND B
Cheney
1 | Enterprises 13 0.13 0.06 0.13 14.01 ND 0.166 0.123 ND B
Cheney
1 | Enterprises 17 0.13 0.06 0.13 22.43 ND 0.17 0.137 ND B
Test Average | 0.13 | 0.06 0.13 16.572 0.223 0.078




Table 18.4. Truck Mix Loading Operation (Uncontrolled) Emission Factor Data
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6 | RMCC 1 0.27 0.21 0.21 8.58 1.0 0.356 | 0.11 1.36E-02 | A
6 | RMCC 2 0.27 0.21 0.21 3.00 14 1324 | 0.343 | 3.28E-02 | A
6 | RMCC 3 0.27 0.21 0.21 6.91 1.0 4.654 1.71 257E-01 | A

Test Average | 0.27 0.21 0.21 6.16 113 | 21113 | 0.7210 | 1.01E-01
6 | Chandler 1 0.39 0.16 0.16 6.19 1.7 0.433 0.21 4.40E-02 | A
6 | Chandler 2 0.39 0.16 0.16 4.12 4.3 0.488 | 0.231 | 2.28E-02 | A
6 | Chandler 3 0.39 0.16 0.16 7.75 1.3 0.756 | 0.278 | 3.39E-02 | A

Test Average | 0.39 0.16 0.16 6.02 2.43 | 0.5590 | 0.2397 | 3.36E-02
6 | Concrete Supply 1 0.31 0.07 0.07 20.24 1.1 0.795 | 0.153 | 2.70E-02 | A
6 | Concrete Supply 2 0.31 0.07 0.07 21.73 15 1.1378 | 0.309 | 2.60E-02 | A
6 | Concrete Supply 3 0.31 0.07 0.07 13.61 1.6 3.215 | 0.4191 | 290E-02 | A

Test Average | 0.31 0.07 0.07 18.53 1.40 | 1.7159 | 0.2937 | 2.73E-02
2 | CRMC 1 0.03 NA 0.03 16.86 N.D. | 0.500 0.1256 N.D. B
2 | CRMC 2 0.03 NA 0.03 20.27 N.D. | 0.822 0.1680 N.D. B
2 | CRMC 3 0.03 NA 0.03 18.61 N.D. | 0.650 0.1460 N.D. B
2 | CRMC 4 0.03 NA 0.03 16.92 N.D. | 0.474 0.0894 N.D. B
2 | CRMC 5 0.03 NA 0.03 11.83 N.D. | 0.496 0.1215 N.D. B
2 | CRMC 6 0.03 NA 0.03 N.D. N.D. | 2.128 0.4406 N.D. B
2 | CRMC 7 0.03 NA 0.03 29.00 N.D. | 0.098 0.0960 N.D. B
2 | CRMC 8 0.03 NA 0.03 26.30 N.D. | 0.009 0.0070 N.D. B
2 | CRMC 9 0.03 NA 0.03 18.61 N.D. | 0.018 0.0090 N.D. B
2 | CRMC 10 | 0.03 NA 0.03 16.55 N.D. | 0.015 0.0076 N.D. B

Test Average | 0.03 0.03 19.44 0.5210 | 0.1211
1 | Chaney 2 0.13 0.06 0.06 14.60 N.D. | 0.2564 | 0.1922 N.D. B
1 | Chaney 4 0.13 NA 0.13 13.92 N.D. | 0.1872 0.135 N.D. B
1 | Chaney 9 0.13 NA 0.13 19.56 N.D. | 0.1178 | 0.0522 N.D. B
1 | Chaney 14 | 0.13 0.06 0.06 14.70 N.D. 0.2224 N.D. B
1 | Chaney 15 | 0.13 0.06 0.06 17.88 N.D. | 1.7494 | 0.1956 N.D. B
1 | Chaney 16 | 0.13 NA 0.13 11.01 N.D. | 1.2026 | 0.2718 N.D. B

Test Average | 0.13 0.06 0.095 15.28 0.7027 | 0.1782

The emission factors for the truck mix and central mix loading operations have been compiled in
two different formats: (1) a general factor that is based strictly on cement and cement supplement
loading rates, and (2) predictive equations that take into account site specific information. The

latter approach is preferred whenever the site specific information is available.




5.1.1 General Emission Factors

The general emission factors have been compiled based on the test average values summarized in
Tables 18.1 through 18.4.

Previously, EPA has determined that Run 14 conducted at the truck mix loading operation at
Chaney Enterprises (Reference 1) was an outlier. This was confirmed during this update to the
data tables. Several additional high and low outliers were identified in references 1 and 2 for the
truck mix operations. However, the removal of these outliers had essentially no impact on the
final emission factor test results. Accordingly, all of the test average values shown in Tables
18.1 through 18.2 have been used without any adjustments to correct for outliers with the
exception or Reference 1, Run 14. The general emission factors for total particulate matter,
PM10, and PM2.5 are summarized in Tables 18.5 and 18.6.

The results of the controlled truck mix loading data analyses (Table 18.5) yield an arithmetic
emission factor value of 0.0263 pounds PM;, per ton of cement and cement supplement loaded.
The 90% confidence interval for this data set of is 0.0078 pounds PM;o/ton of cement and
cement supplement (minimum) and 0.0477 pounds PMe/ton of cement and cement supplement
(maximum). The standard deviation for the data set of five test averages is 0.0251 pounds
PMjo/ton of cement and cement supplement loaded.

The results of the controlled central mix loading data analyses (Table 18.6) yield an arithmetic
emission factor value of 0.00522 pounds PMjo per ton of cement and cement supplement loaded.
The 90% confidence interval for this data set is 0.00279 pounds PMjc/ton of cement and cement
supplement loaded and 0.00764 pounds PMjo/ton of cement and cement supplement loaded. The
standard deviation for the data set of five test averages is 0.00295 pounds PM3y/ton of cement
and cement supplement loaded.

Table 18.5. General Emission Factors, Loading Operations

Type of Analyte | Emissions, pounds per ton of cement and cement supplement loaded
Loading Average Standard Minimum of | Maximum of
Operation Deviation 90% 90%
Confidence Confidence
Interval Interval
PM 0.0981 0.1049 0.0210 0.1753
Truck Mix PM10 0.0263 0.0251 0.0078 0.0477
PM2.5 0.0013 0.0015 0.0 0.0028
PM 0.0184 0.0159 0.0053 0.0315
Central Mix | PM10 0.0055 0.0030 0.0030 0.0079
PM2.5 0.0009 0.0004 0.0005 0.0013

Similar analyses were conducted for the uncontrolled emission factor data. With respect to the
Reference 6 data, the uncontrolled emissions were calculated as the total of the fugitive
emissions plus the inlet mass flow rate to the fabric filter. The results of the analyses of the
uncontrolled emission factor data are provided in Table 18.6.




Table 18.6. General Emission Factors, Loading Operations, Uncontrolled

Type of Analyte | Emissions, pounds per ton of cement and cement supplement loaded
Loading Average Standard Minimum of | Maximum of
Operation Deviation 90% 90%
Confidence Confidence
Interval Interval
PM 1.122 0.739 0.578 1.665
Truck Mix PM10 0.311 0.238 0.135 0.486
PM2.5 0.054 0.041 0.015 0.009
PM 0.524 0.506 0.107 0.940
Central Mix PM10 0.156 0.126 0.052 0.259
PM2.5 0.018 0.008 0.001 0.026

5.1.2 Site Specific Equations

In the previous edition of Section 11.12 and in Section 5.1.1 of this document, the truck mix and
central mix loading emission factors for particulate matter have been expressed on the basis of
pounds of emission per ton of cement and cement supplement loaded. An examination of the
test data supporting these emission factors indicated there was a high level of variability and that
the production rate (tons of cement and cement supplement) alone did not serve as an adequate
predictor of emissions. For example, in Figure 5.1, the reference 1 and 2 PM;, controlled
emissions data applicable to truck mix operations are illustrated along with the emission factor
values that would be calculated based on the AP42 factor of 0.051 pounds per ton of cement and
cement supplement. Similar data are shown in Figure 5-2, for reference 1 PM;q controlled
emissions data applicable to central mix loading operations. In the case of Figure 5-2, the data
should fall on the emission factor line having a slope of 0.0038 pounds PM, per ton of cement
and cement supplement.

The lack of a strong relationship between the measured emission rate in pounds per hour and the
production rate in tons of cement and supplement per hour is also apparent in the truck mix data
provided in reference 6 (Figure 5-3). The emission factor data in references 1, 2, and 6 for truck
mix and central mix loading operations indicates that there are variables in addition to production
rate that affect particulate matter emissions.
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Figure 5.1. Truck Mix Emission Factor Data, EPA AP42 Section 11.12 References 1 and 2
(Note: Data should be on a line with a slope of 0.051 Ibs PM;o/ton of cement.)
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(Note: Data should be a line with a slope of 0.0038 lbs PMjc/ton of cement.)
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Figure 5.3. Truck Mix Emission Factor Data, Reference 6

(Note: Data should be on a line with a slope of 0.051 Ibs PM;o/ton of cement.)
An examination of all of the emission factor data now available in references 6 (six separate
plants, A-rated tests) indicates that emission factors based on equation 5-1 are more appropriate
than emissions based solely on production rate. Equation 5-1 takes into account the moisture
content of the cement and cement supplement (minimum value) and the wind speed. Both of
these additional parameters are logically related to fugitive particulate matter emissions.
Equation 5-1 is conceptually similar to a variety of emission factor equations presented in AP42
Section 13.2 due to the inclusion of material moisture content and wind speed.

E- ka b} (5-1)
E = Emission factor in Ibs./ton of cement and cement supplement
k = Particle size multiplier (dimensionless)
U = Wind speed, meters per second (m/s) or miles per hour (mph)
M = Minimum moisture (% by weight) of cement and cement

supplement

a,b Exponents
X Constant

The parameters for Equation 5-1 are summarized in Table 18.7. These parameters provide the
best fit of the measured emission factor data for controlled particulate matter emissions. The
PM10-25 emissions factors are calculated by subtracting the PM, s values from the PM, values.



Table 18.7. Emission Factor Predictive Equation Parameters

Parameter Parameter Truck Mix Central Mix
Category Operations Operations
Particle size Total PM 1.30 1.30
multiplier (k) PMyq 0.35 0.35
PM; 5 0.05 0.05
Exponents (a,b) a 2 0.3
b 0.2 0.8
Total 0.00230 0.00296
Constant PMy, 0.00371 0.00274
PM; 5 0.00294 0.00218

The relationship between the PM10 (controlled) emission factor calculated using Equation 5-1
and the measured PM10 (controlled) emission factors are shown in Figures 5-4 and 5-5. This
figures present only the A-rated data from the six tests described in reference 6. Wind speed data

were unavailable in the B-rated data from references 1 and 2.
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Figure 5.4. PMyo Emissions from Central Mix Loading Operations
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Figure 5.5. PM3o Emissions from Truck Mix Loading Operations

Using Equation 5-1, it is possible to tailor emission factors to site specific conditions. Itis also
possible to plant operators to take steps to minimize particulate matter emissions by slightly
increasing the moisture levels in the cement and cement supplement materials and by reducing
the wind speed in the areas immediately adjacent to the loading operations.

Equation 1 and the Table 18.7 equation parameters are based on the six plants tests described in
reference 6. There was no wind speed data available for references 1 and 2. However, if a wind
speed of approximately 3 mph is assumed for references 1 and 2, the emission factor data are
generally comparable to those in Figures 5.3 and 5.4.

5.2 Truck Mix and Central Mix Loading Metals Emission Factors

Metals emissions from truck and central mix loading operations are summarized in Tables 18.8
and 18.9. These are based on data provided in reference 6 (six plants, A-rated metals data),
reference 1 (two plants, C rated metals data), and reference 2 (one plant, B rated metals data).

There is considerable variability in the metals content of cement and cement supplement. These
are the dominant sources of particulate matter and metals emissions from truck mix and central
mix loading operations. As an alternative to the emission factors presented in Tables 18.5 and
18.6, sources can estimate metals emissions based on the total PM emission factor and site
specific analyses of the metals contents of the cement and cement supplement. For example, the
arsenic emissions can be expressed by Equation 5-2 as a function of the total particulate matter.



Metal.. = PMEF(aC n st Equation 5-2
C +S
Where:
Metalge= Metal Emissions, Lbs. As per Ton of Cement and Cement
Supplement
PMge = Controlled Particulate Matter Emission Factor

Lbs. per Ton of Cement and Cement Supplement
ppm of Metal in Cement
Quantity of Cement Used, Lbs. per hour
ppm of Metal in Cement Supplement
Quantity of Cement Supplement Used, Lbs. per hour

nwo O



Table 18.8. Truck Mix Loading Metals Emission Factors

Emission Factors

Pounds per Final
Metal Reference | Number of Data Pounds per | 1000 pounds Emission
Emission Number Test Runs Rating cubic yard of Cement
of Concrete | and Cement Fac_t or
Rating
Supplement
Uncontrolled
Arsenic 1 1 C 2.37E-7 3.94E-7
2 4 B 1.37E-6 2.65E-6
6a 3 A 1.07E-5 2.09E-5
6b 3 A 5.82E-7 1.10E-6
6c 3 A 3.29E-6 5.42E-6
Average 3.24E-6 6.09E-6 D
Beryllium 1 1 C 2.15E-8 3.6E-8
2 4 B 1.06E-7 2.07E-7
Average 6.38E-8 1.22E-7
Cadmium 1 1 C 1.19E-8 1.99E-8
2 4 B 7.77E-9 1.43E-8
Average 9.84E-9 1.77E-8
Chromium 1 1 C 4.20E-6 7.03E-6
2 4 B 2.27E-6 4.39E-6
Average 3.24E-6 5.71E-6
Lead 1 1 C 3.29E-7 5.51E-7
2 4 B 1.59E-6 3.07E-6
Average 9.60E-7 1.81E-6
Manganese 1 1 C 2.76E-5 4.61E-5
2 4 B 7.82E-6 1.50E-5
Average 1.77E-5 3.06E-5
Mercury 1
1
Nickel 1 1 C 3.28E-6 5.49E-6
2 4 B 3.35E-6 6.48E-6
Average 3.32E-6 5.99E-6
Phosphorus 1 1 1.15E-5 1.92E-5
Selenium 2 3 6.75E-7 1.31E-6




Table 18.8. Truck Mix Loading Metals Emission Factors (Continued)

Emission Factors
Pounds per Final
Metal Reference | Number of Data Pounds per | 1000 pounds Emission
Emission Number Test Runs Rating cubic yard of Cement
of Concrete | and Cement Fac_tor
Rating
Supplement
Controlled
Arsenic 1 1 C 7.69E-8 1.29E-7
2 4 B 5.30E-7 1.03E-6
6a 3 A 8.58E-08 1.67E-7
6b 3 A 6.05E-08 1.14E-7
6c 3 A 3.95E-08 6.50E-8
Average 1.59E-7 3.01E-7 D
Beryllium 1 1 C 6.88E-9 1.15E-8
2 4 B 4.70E-8 9.21E-8
Average 2.69E-8 5.18E-8 E
Cadmium 1 1 C 3.80E-9 6.36E-9
2 4 B 1.46E-9 2.70E-9
Average 2.63E-9 4.53E-9 E
Chromium 1 1 C 1.36E-6 2.27E-6
2 4 B 9.36E-7 1.82E-6
Average 1.15E-6 2.05E-6 E
Lead 1 1 C 1.10E-7 1.84E-7
2 4 B 6.94E-7 1.35E-6
Average 4.02E-7 7.67E-7 E
Manganese 1 1 C 8.86E-6 1.48E-5
2 4 B 3.21E-6 6.03E-6
Average 5.99E-6 1.04E-5 E
Mercury 1
1
Nickel 1 1 C 1.07E-6 1.778E-6
2 4 B 1.53E-6 2.99E-6
Average 1.30E-6 2.39E-6 E
Phosphorus 1 1 3.68E-6 6.16E-6
Selenium 2 3 2.97E-8 5.64E-8 E




Table 18.9. Central Mix Loading Metals Emission Factors

Emission Factors

Pounds per Final
Metal Reference Number of Data Pounds per | 1000 pounds Emission
Emission Number Test Runs Rating cubic yard of Cement
of Concrete | and Cement Fac_t or
Rating
Supplement
Uncontrolled
Arsenic 1 1 C 7.54E-8 1.16E-7
6d 3 A 6.16E-7 1.15E-6
6e 3 A 5.81E-6 1.10E-5
o6f 3 A 2.60E-6 4.48E-6
Average 2.28E-6 4.19E-6 D
Beryllium 1 1
Cadmium 1 1 C 3.84E-9 5.92-9 E
Chromium 1 1 C 4.60E-7 7.11E-7 E
Lead 1 1 C 1.24E-7 1.91E-7 E
Manganese 1 1 C 1.98E-5 3.06E-5 E
Mercury 1
Nickel 1 1 C 1.06E-6 1.64E-6 E
Phosphorus 1 1 C 6.52E-6 1.01E-5 E
Selenium 2 3
Controlled
Arsenic 1 1 C 6.05E-9 9.35E-9
6d 3 A 1.91E-08 3.57E-8
6e 3 A 2.15E-07 4.07E-7
6f 3 A 8.06E-08 1.39E-7
Average | 8.02E-08 1.48E-07 D
Beryllium 1 1
Cadmium 1 1 C 2.30E-10 3.55E-10 E
Chromium 1 1 C 4.11E-8 6.34E-8 E
Lead 1 1 C 1.19E-8 1.83E-8 E
Manganese 1 1 C 1.23E-6 1.89E-6 E
Mercury 1 1
Nickel 1 1 C 8.01E-8 1.24E-7 E
Phosphorus 1 1 C 3.91E-7 6.04E-7 E
Selenium 1 1

Note: Reference 6, Plant d - RMCC Wake Forest; Plant e, S.T. Wooten Raleigh, and Plant f,

RMC Carolina, Raleigh




5.3 Emission Factor Values

(Note: Table numbers need to be updated.)

The emission factors for cement silo filling, cement supplement silo filling, transfer of
aggregate and sand to elevated bins, and weight hoppers are summarized in Tables 5-4 through
5-7.

The two main issues in rating the final emission factors were the number of facilities tested
and the ratings of the test data sets. An emission factor as low as a C generally requires that a
reasonable number of facilities be tested and that the test data ratings for each of these facilities
be an A or B (see Section 3.1). The emission factor ratings for these sources are based on no
more than four facilities, none are rated above D.

Unless noted otherwise, the following criteria were used to rate the final emission factors in
Tables 5-4 through 5-7.

Rating D

1. At least two facilities were tested.
2. One of the test data sets is rated A or all of the test data sets are rated B.

Rating E
1. Fails to meet the above criteria for Rating D
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5.4 CEMENT SILO FILLING EMISSION FACTORS

EMISSION TYPE REFERENCE NUMBER OF  DATA EMISSION FACTOR FINAL
NUMBER  TESTRUNS  RATING per 1000 Ib EMISSION
CEMENT LOADED = FACTORS
(1b) | RATING
PM-10 I | c 0.23672 E
CONTROLLED 1 _ 1 ; & _ 6.00E-005
PM-10 2 . 3 | A _ 2.79E-004 |
AVERAGE 1.70E-004
PM ' | ! 8 0.36297
CONTROLLED I | % 1.10E-004
PM 2 3 A 3.68E-004
3 | & 3.10E-004
4 | 3 D 1.20E-003
AVERAGE 4.97E-004 D
METALS - UNCONTROLLED
ARSENIC | I ' 1 & 8.38E-007 E
BERYLLIUM I 1 C 8.97E-009 E
'CADMIUM 1 1 c L17E-007 E
'CHROMIUM 1 1 c 1.26E-007 E
'LEAD I | c 3.68E-007 E
MANGANESE I [ c 1.01E-004 E
MERCURY I B =S = 7 2
NICKEL 1 ! C 8.83E-006 E
PHOSPHORUS 1 [ C 5.88E-005 E
SELENIUM 1 = = = =
METALS - CONTROLLED
ARSENIC 1 | I i C _ 2.12E-009 E
2 = = o
BERYLLIUM I g " - _
2 I B 2.43E-010 E
CADMIUM I i = &
2 == = o
CHROMIUM | . 1 ' [l 1.87E-008
2 . I . B . 1.02E-008
| AVERAGE | _ | 1.45E-008 E
LEAD _ I _ I _ e | 6.16E-009
. 2 | B 4.75E-009
AVERAGE | 5.46E-009 E
MANGANFESE | I | I ] C ; 4.96E-008
2 _ 1 _ B . 6.78E-008
| AVERAGE | 5.87E-008 E
MERCURY ' I _ = _ = _ -
1 2 == s =
NICKEL 1 : I : C _ 2.25E-008
2 _ I B 1.93E-008
| AVERAGE | 2.09E-008 E
PHOSPHORUS I s _ w | =
2 My N o~
SELENIUM _ I _ B = &
2 T = 2N

Final Emission Factors
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5.5 CEMENT SUPPLEMENT SILO FILLING EMISSION FACTORS

EMISSION TYPE REFERENCE NUMBER OF DATA EMISSION FACTOR FINAL

NUMBER TEST RUNS  RATING Ib per 1000 Ib EMISSION
CEMENT FACTORS
SUPPLEMENT RATING
LOADED
PM-10 I 2 B 0.64611  E
PM 1 2 C 1.56773 E
CONTROLLED 2 3 A 2.43E-003 E
PM-10
CONTROLLED 2 3 | A 7.92E-003
PM 4 3 D 1.01E-003
AVERAGE 4.47E-003 D
CONTROLLED 2 1 g 5.02E-007 E
ARSENIC
CONTROLLED 2 1 [ @ 4.52E-008 E
BERYLLIUM
CONTROLLED 2 1 C 9.92E-009 E
CADMIUM
CONTROLLED 2 1 C 6.10E-007 E
CHROMIUM
CONTROLLED 2 I | ¢ 2.60E-007 E
LEAD _
CONTROLLED 2 1 C 1.28E-007 E
MANGANESE
CONTROLLED 2 - - s -
MERCURY
CONTROLLED 2| 1 & 1.14E-006  E
NICKEL
CONTROLLED 2 ! C 1.77E-006 E
PHOSPHORUS
CONTROLLED 2 | & 3.62E-008 E
SELENIUM

Final Emission Factors



5.6 EMISSION FACTORS FOR AGGREGATE & SAND TRANSFER TO ELEVATED BINS

EMISSION REFERENCE NUMBER OF DATA EMISSION FACTORS FINAL

TYPE NUMBER SAMPLES  RATING = per Mg perton  EMISSION
transferred transferred  FACTOR
RATING
(kg) (1b)
A PM-10 1 2 A
G 2 _ 1 A
G 1&2 1.68E-003  3.27E-003 D
R
E
G
A PM ' 1 2 A
T ' 2 | | A
E 1&2 . 354E-003 6.92E-003 D
PM-10 | 3 A
2 | 2 A |
S| 1&2 5.05E-004 9.86E-004 D
A
N
D PM 1 2 A
2 | 2 A
1&2 1.07E-003  2.08E-003 D

Final Emission Factors
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5.7 WEIGH HOPPER LOADING EMISSION FACTORS

English Unit Emission Factors FINAL
PM-10 PM - RATING
0.00375  Ib/yd’ 0.00794  Ib/yd® D
0.00228  Ib/ton 0.00482  Ib/ton D
Metric Unit Emission Factors - FINAL
PM-10 PM RATING
0.00117 kp/Mg 0.00247 kgMg D

The emission factors were developed from the Aggregate and Sand Transfer to
Elevated Bins Emission Factors as follows:

This formula was used to compute the Ib of emissions per yd® of concrete,
E = (AEF)(AYD3) + (SEF)(SYD3)

This formula was used to compute the b of emissions per ton of aggregate and sand.
E = (AEF)(ATON) + (SEF)(STON)

This formula was used to compute the kg of emissions per Mg of aggregate and sand.
E =(AEF)(AMG) + (SEF)(SMG)

E =  Emission Factors (Ib/ton, Ib/yd*, & kg / Mg) |
AEF = Aggregate Transfer Emission Factor for PM-10 | AEF = 3.27E-003  Ib/ton
SEF = Sand Transfer Emission Factor for PM-10 | SEF = 9.86E-004  Ib/ton
AEF = Aggregate Transfer Emission Factor for PM | AEF = 6.92E-003  Ib/ton
SEF = Sand Transfer Emission Factor for PM | SEF = 2.08E-003 Ib/ton
AEF = Aggregate Transfer Emission Factor for PM-10 = AEF = 1.68E-003 kg/Mg
SEF = Sand Transfer Emission Factor for PM-10 | SEF = 5.05E-004 kg/Mg
AEF =  Aggregate Transfer Emission Factor for PM AEF = 3.54E-003 kg/Mg
SEF = Sand Transfer Emission Factor for PM | SEF = 1.07E-003 kg/Mg
AYD3 =  Aggregate per Yd' of Concrete (see Appendix C)  AYD3 = 1,865 b
SYD3 = Sand per Yd* of Concrete (see Appendix C) | S¥YD3 = 1,428 b
ATON =  Aggregate per Ton of Aggregate and Sand . ATON = 1,133 Ib
STON = Sand per Ton of Aggregate and Sand ~ STON = 867 b
AMG = Aggregate per Mg of Aggregate and Sand AMG = 566 kg
SMG = Sand per Mg of Aggregate and Sand SMG = 434 kg

ATON + [ATON * (SYD3 / AYD3)] = Ton of Aggregate and Sand (TAS)
ATON=TAS /(1+SYD3/AYD3)
STON = [ATON * (SYD3/ AYD3)]

AMG and SMG are calculated in the same manner.

Final Emission Factors
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5.8 PLANT WIDE EMISSION FACTORS

Truck Mix
Uncontrolled Controlled
PM PM-10 PM PM-10 FINAL
(Iblyd?) (Ib/yd™ (Ib/yd*) (Ib/ydy  RATING
Aggregate delivery to ground storage 0.0064 0.0031  0.0064  0.0031
Sand delivery to ground storage 0.0015 0.0007 ~ 0.0015  0.0007
Aggregate transfer to conveyor 0.0064 0.0031  0.0064  0.0031
Sand transfer to conveyor | 0.0015  0.0007 ~ 0.0015  0.0007
Apggregate transfer to elevated storage | 0.0064 ~ 0.0031  0.0064  0.0031
Sand transfer to elevated storage | 0.0015  0.0007  0.0015  0.0007
Cement delivery to Silo (Controlled) | 0.0002  0.0001 00002  0.0001
Cement Supplement delivery to Silo (Controlled) 0.0003 0.0002 0.0003  0.0002
Weigh Hopper Loading 0.0079 00038  0.0079  0.0038
Truck Mix Loading 01725 0.0422 0.0579 0.(_}]43_
Total . 0.2048 | 0‘05’6 L : 0°0902E_—0'029?_{ E
Central Mix
Uncontrolled Controlled
PM PM-10 PM PM-10 FINAL
(biyd®)  (Iblyd)  (biyd) | (Ibiyd®) | RATING
Aggregate delivery to ground storage | 0.0064  0.0031 00064 0.0031
~ Sand delivery to ground storage | 0.0015  0.0007  0.0015  0.0007
Aggregate transfer to conveyor | 0.0064 0.0031 ~ 0.0064  0.0031
Sand transfer to conveyor 0.0015  0.0007  0.0015  0.0007
Aggregate transfer to elevated storage 0.0064 0.0031 0.0064  0.0031
Sand transfer to elevated storage . 00015 00007 00015  0.0007
Cement delivery to Silo (Controlled) . 0.0002 0.0001 0.0002 00001
Cement Supplement delivery to Silo (Controlled) ~~ 0.0003 ~ 0.0002  0.0003  0.0002
. Weigh Hopper Loading .| 0.0079  0.0038 0.0079  0.0038
Central Mix Loading | | 0.0628 0.0219 |
Total 0.0951]  0.0373]  0.0355 E

Based on truck and central mix emission factors of 1b/1,000 1b of cement and cement supplement
presented in section 5.2 and 5.3, emission factors of 1b/1,000 Ib material transfered from sections 5.4
through 5.7 and the following average composition of concrete as presented in Table 16.1.

Course Aggregate 1865 pounds
Sand 1428 pounds
Cement 491 pounds
Pozolan Material 73 pounds
Water 20 gallons

Final Emission Factors 6



5.9 Notes for the Final Emission Factors

# The emission factors based on total cement and cement supplements (natural pozolans,
NewCem™ or fly ash) are used to compute the final emission factors for truck mix loading and
central mix loading. Most facilities should have an accurate record of the weight of these
materials used to manufacture concrete. Emission factors based upon the weight of fine
material in the batches may be a more reliable metric. However, this information would be
more difficult to obtain for existing plants and to predict for new plants. Most of the emission
from concrete batching come from the “fines” that are used to make the concrete. Over 95% of
the “fines” are composed of the dry cement and cement supplement. The remaining “fines” are
contained in the course aggregate and sand and are partially bound to the larger material by
surface moisture. Therefore, emission factors based upon the mass of cement and cement
supplement may be useful for a broad range of facilities including those that specialize in a
product composed of raw materials significantly different than typical concrete. As shown in
Table 16.2 batch formulation summary statistics derived from reference 1 and 2 information
indicates that over 90% of the batches contained between 9 and 18 weight percent cement and
cement supplement. Batch formulations outside this range may be used at facilities that have a
specialized product line but would constitute a minor portion of the typical concrete batch
plants product line.

Since information on the amount of concrete produced may be more readily available than for
the amounts of cement and cement supplements, the emission factor based on concrete will
also be presented in the AP-42 section.

The emission factors based on cement are not used because they do not account for the
relationship between the amount of cement supplement used and the amount of emissions
released. This issue is significant since cement supplements are used in sizable quantities and
are often “finer” than cement. The emission factors based on total dry materials used are not
used because they do not accommodate formulations that may be sued at some specialized but
large facilities.

® The controlled cement silo filling emission factors derived from test runs that included
emissions from the loading of transit-mix trucks are not used because of their apparent tack of
precision and accuracy. Consequently, only “Run 7” is used from Reference 1, since it was the
only Reference 1 test run that captured emission solely from the cement silo filling process.

° The controlled cement supplement silo filling emission factors derived from test runs that
included emissions from the loading of transit-mix trucks are not used because of their
apparent lack of precision and accuracy. Consequently, none of the emission factors from
Reference 1 are used to develop these emission factors.

? These emission factors are based on the Aggregate and Sand Transfer Emission Factors
equations in AP-42 section 13.2.4 (1/95) using average amounts of aggregate and sand used per



yd® of concrete at References 1 and 2. These emission factors are rated D, since only two test
references were used for estimating material moisture content and a wind speed of 10 mph.

¢ The calculated plant wide emission factors are rated E, since they are used in conjunction with
the average composition of concrete from only two facilities.



Appendix A

Technical Notes for Reference 1 Tables

Tables 1.2,1.3,2.2,2.3,3.2,3.3,42,4.3,5.3,54,6.3,6.4

1.

Each of the estimated emission amounts due solely to silo fillings can be reproduced in the
following stepwise manner. First, divide the total amount of “fines” (cement, NewCem™,
and silt from sand and coarse aggregate) used during the particular silo filling and truck mix
loading test run by one thousand. Next, multiply the resulting number by the average truck
mix loading emission factor for the same type emission based on fines. Third, subtract this
result from the total amount of emission from the particular silo filling and truck mix loading
test. The result of this calculation is an estimate of the emissions form the silo filling.

The amount of cement or NewCem™ loaded during each of the silo loading test runs was
approximated by analyzing information from Appendix B.2 and the Process Notes Section of
the test report. Reproduction of each of these values can be accomplished stepwise as
follows. First, compute the rate at which any relevant silo filling (a filling that occurred in
part or whole during the test run of interest) was occurring by dividing the amount of material
loaded by the time required for the loading to be accomplished. Next, multiply this rate buy
the amount of time in which both the silo filling and emission testing were occurring
simultaneously (this computation relies on the assumption that the loading rates were
constant throughout the loading process). Repeat this procedure for each of the other relevant
silo fillings that occurred during the test run of interest. Finally, sum the results together to
determine the total amount of cement or NewCem™ loaded during the test run.

Tables 2.1 -2.3,41-4.3.6.1-6.4

1.

Each of the emission rates at the dust collector’s outlet was estimated by averaging all of the outlet
rates for the same emission type. The outlet rates were averaged because the individual outlet runs
listed in the test report occurred over the course of several inlet runs. The outlet runs lasted longer
than the inlet runs, since longer sampling times were required to collect measurable amounts of
emissions from the outlet.

Tables 2.2,2.3,4.2,43,5.4,5.5,6.1-6.5

1. The designation “—* was substituted for every value in the tables that was less than or equal to zero.
Tables 3.1, 4.1
1. The following statistical method indicated that the emission rate for PM during test run 14 was an

extreme value relative to the other central batch loading emission rates for PM. In this statistical
method a value r is computed for a given number of observations as follows:



If r is greater than the critical value that is associated with the given number of observations, then the
extreme value is outside the 99 percentile. Specific critical values for certain numbers of
observations are given in the following table:*

Number of Observations, n Critical Value
=01
.988
.889
.780
.698
.637

~Nojob~w

Tables 3.1-35,41-45,5.1-55,6.1-6.5

The metal emission factors were based on the test report’s “Case 2” emission rates. In “Case 2,”
the captured and/or the background metal concentrations from which the metal emissions rates
were derived were designated to be zero when actual concentrations were below detection limits.

1. The metal emission rates at the inlet of the dust collector were given for several test runs at a time in
the test report. As a result, the group of test runs used to develop the individual emission factors are
listed above the names of the metals. Accordingly, the estimated capture efficiencies were developed
by averaging the capture efficiencies of the listed runs.

Tables 3.5,4.5,5.5,6.5

1. The average metal emission factors were developed only from the emission factors with explicit
numerical values

Reference for Appendix A
1. Dixon, Wilfrid J. and Massey, Frank J., Jr., Introduction to Statistical Analysis, Second Edition,
McGraw-Hill Book Company, Inc., New York, NY, 1957.



Appendix B

Technical Notes for Reference 2 Tables

Tables 7, 8, 9, 10

1. The Estimated Capture Efficiency values were taken from the test report’s capture efficiency averages
weighted by the amounts and fly ash loaded.

Tables 8, 10, 14.1, 14.2

1. The outlet emission rates given the test report were for emissions coming from both the plant being
examined (the Eerie Plant) and another adjacent plant (the Johnson Plant). Consequently, it was
necessary to approximate the outlet emission rates due solely to the Eerie Plant during the inlet runs.

These approximations relied on the assumption that the ration of the Outlet Emission Rate of the
Eerie Plant (OERE) to the outlet emission rate of both plants (OERBP) was about the same as the
ration of the actual air flow rate of the Eerie Plant (AFRE) to the actual air flow rate of both plants
(AFRBP). The formula that shows how this assumption was used to approximate the outlet emission
rate due to the Eerie Plant is as follows:

However, the AFRE was measured for each inlet run, whereas the OERBP and AFRBP were
measured for each outlet run. Therefore, the OERBP and AFRBP are not known for any given
measurement of the AFRE, since each of the test report’s outlet runs typically occurred over the
course of several inlet runs. Consequently, the OERBP and the AFRBP during a particular inlet run
were approximated by the OERBP and AFRBP that were measured for the outlet run that included
emissions from the particular inlet run respectively.

On the other hand, the metal inlet rates were typically given for several inlet runs at a time. Thus,
when calculating the OERE for a particular metal inlet rate, the AFRE is simply the sum of the
AFRE’s that were measured for the individual inlet runs over which the metal inlet rate was measured.
However, the group of inlet runs over which a metal inlet rate were measured does not usually
correspond to any group of inlet runs over which an outlet run was preformed. Therefore, both the
OERBP and AFRBP are not necessarily known for any particular metal inlet rate. Consequently, the
OERBP and AFRBO that were used to determine the OERE for a particular metal emission rate were
approximated by the average of all of the OERBP’s for the same type of metal emission and the
average of all of the AFRBP’s respectively.

Table 11

1. Since the three silo emission test runs were performed on three separate days, it was assumed that a
given test run collected the emissions resulting from all of the silo loadings that occurred on the day
of the test run. Consequently, the “cement loaded” amount associated with each test run was assumed
to be the same as the total amount of cement delivered on the particular day of the test run. The total
amount of cement delivered on a given day was determined by summing together the amounts of
cement delivered as indicated on the bills of sale for the given day. The bills of sale for each day
were found in the Process Notes Section of the test report.



Table 12

1. The amount of fly ash loaded for each run was assumed to be the same for each run, since only one
fly ash loaded amount was found in the Process Notes Section of the test report.

Tables 13.1 -13.3,14.1 - 14.3

1. The metal emission factors were based on the test report’s “Case 2” emission rates. In “Case 2,” the
captured and/or the background metal concentrations from which the metal emission rates were
derived were designated to be zero when the actual concentrations were below the detection limits.

2. The designation “- -“ was substituted for every value in the tables that was less than or equal to zero

3. Each group of metal emission rates at the inlet were measured for several test runs at a time in the test
report. As a result, the test runs over which a given group of metal emission rates were measured are
listed above the group. Accordingly, the estimated capture efficiency associated with a particular
group of metal inlet rates was developed by a straight average of the capture efficiencies of the test
runs listed above the group.

Tables 13.3, 14.3

1. The average emission factors were developed from only those emission factors in the table with
explicit numerical values.
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