EPA-450/2-77-0074

Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

STANDARDS SUPPORT AND
ENVIRONMENTAL IMPACT STATEMENT
VOLUME 1: PROPOSED STANDARDS
OF PERFORMANCE FOR LIME
'MANUFACTURING PLANTS

Emission Standards and Engineering Division

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Air and Waste Management
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711

April 1977



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



This report has been reviewed by the Emission Standards and Engineering
Division, Office of Air Quality Planning and Standards, Office of Air and
Waste Management, Environmental Protection Agency, and approved for publica-
tion. Mention of company or product names does not constitute endorsement
by EPA. Copies are available free of charge to Federal employees, current
contractors and grantees, and non-profit organizations--as supplies permit--
from the Air Pollution Technical Information Center, Environmental Protection
Agency, Research Triangle Park, North Carolina 277115 or may be obtained,

for a fee, from the National Technical Information Service, 5285 Port Royal
Road, Springfield, Virginia 22161. - e

ii




i ‘ Draft

Standards Support and
Environmental Impact Statement

Lime Manufacturing Plants
Type of Action: Administrative
. Prepared by

Don R. Goodwin

Director, Emission Standards and Engineering Division
Environmental Protection Agency

Research Triangle Park, North Carolina 27711

Approved by

Assistant Administrator

Office of Air and Waste Management
Environmental Protection Agency
401 M Street, S.W.

Washington, D. C. 20460

Additional copies mav be obtained at:
Public Information Center (PM-215)

Environmental Protection Agency
Washington, D. C. 20460

jii

5.//41/772

(Date)



iv




" TABLE OF CONTENTS |
LIST OF FIGURES. « + « « o v v o v v e v mn e e en s s Cvidd
LIST OF TABLES » » v o o v'e e e e e e e ee e e ee e e X

CHAPTER 1. SUMMARY. « o o v v v v v e vve e emna e e 1e]
1.1 PROPOSED STANDARDS .:. P Y
1.2 ENVIRONMENTAL IMPACT ...... L
1.3 INFLATION TMPACT « v v v o v e e e v e o Caee 1B
1.4 CAPACITY AND COST iNbACT O 1-6

CHAPTER 2. INTRODUCTION .. -, C e e e e ;f. . 2-1
2.1 AUTHORITY FOR THE STANDARDS e e e gf, L 2-1
2.2 SELECTION OF CATEGORIES OF STATIONARY SOURCES. . . . . lf. . 2-4
2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE. :i} . 2-6
2.4 CONSIDERATION OF COSTS . . . . .'. S S 2]
2.5 CONSIDERATION OF ENVIRONMENTAL IMPACTS e S 2410
2.6 IMPACT ON EXISTING SOURCES . .};?. S AN 21
2.7 REVISION OF STANDARDS OF PERFORMANCEf.:. e e e e ;:. . 2-12

REFERENCES FOR CHAPTER 2 « « « « v v o v v v v v aee e v v o oo o 2012
CHAPTER 3. THE LIME INDUSTRY. . v + v v v v v v a v o v oo o oo o 31
3.1 GENERAL. . . . . ;\.E, e e e 3-1
3.2 PROCESSES AND THEIREMISSIONS.  « 4 v v s v v s oo o oo . 33
REFERENCES FOR CHAPTER 3+ « « « v o o v n v oe e e e e nnn s 317
CHAPTER 4. EMISSION CONTROL TECHNOLOGY. =
4.1 CALCINATION EMISSION CONTROL TECHNOLOGY. o . . . « . « . v . 4-1

4.2 HYDRATION EMISSION CONTROL TECHNOLOGY. . « & « & » o « .+« . 4-12
4.3 FUGITIVE EMISSION CONTROL TECHNOLOGY . . . o « & o+ . . . . 4-14




4.4
REFERENCES FOR CHAPTER 4. « ¢ v v ¢ v v v v m v v e o v e v e

TABLE OF CONTENTS (continued)

STATE REGULATIONS + = & « o v v v o e e e v v e e e e

CHAPTER 5. MODIFICATION AND RECONSTRUCTION OF ROTARY LIME KILNS

5.1

AND LIME HYDRATORS. . . . . . . v e e e e e e e e e
CONVERSION FROM NATURAL GAS OR FUEL OIL TO COAL FIRING. .

5.2 ADDING A STONE PREHEATER TO AN EXISTING KILN. . . . . . . .

5.3
5.4

ADDING INTERNALS TO AN EXISTING KILN. . « . « ¢« ¢ ¢ « o 4 &
DEBOTTLENECKING . . . . . ot e e e e e e e e e e e e

CHAPTER 6. ENVIRONMENTAL IMPACTS . . . . . « . « . o . e e

6.1
6.2

IMPACTS OF CONTROL TECHNOLOGY FOR ROTARY LIME KILNS . . .
IMPACTS OF CONTROL TECHNOLOGY FOR LIME HYDRATORS. . . . .

REFERENCES FOR CHAPTER 6. . . . . . . R I I I
CHAPTER 7. COSTS AND ECONOMIC IMPACTS. . « & + v v ¢ v & v & + & &

7.1
7.2
7.3
7.4

REFERENCES FOR CHAPTER 7. . . . . et e e e e e

INDUSTRY ECONOMIC PROFILE . . . & v ¢ ¢ ¢ v v v o o « « o &
COST ANALYSIS OF ALTERNATIVE EMISSION CONTROL SYSTEMS . .
OTHER COST CONSIDERATIONS . . e r e b e e e e e e e e s
ECONOMIC IMPACT OF ALTERNATIVE EMISSION CdNTROL SYSTEMS .

CHAPTER 8. RATIONALE FOR THE PROPOSED STANDARDS. . . . « « ¢ « . .

8.1
8.2
8,3

8.4
8.5
8.6
8.7

SELECTION OF THE SOURCE FOR CONTROL . . . . o « o v o o 4
SELECTION OF POLLUTANTS AND AFFECTED FACILITIES . . . . . .

SELECTION OF THE BEST SYSTEM OF EMISSION REDUCTION
CONSIDERING COSTS . « & & o ¢ o v v o o ¢ o s o o o s o & &

SELECTION OF THE FORMAT OF THE PROPOSED STANDARDS . . . . .
SELECTION OF THE EMISSION LIMITS. . . + ¢ ¢ ¢ v o v o + & &
VISIBLE EMISSIONS LIMITS. 4 & & ¢ 4 v 4 v o v o 0 o v o &
MODIFICATION AND RECONSTRUCTION CONSIDERATIONS. . . . . . .

vi

Page

. 4-15
. 4-16

5-1

. 5=3

5-3
5-4
5-4
6-1.

. 6-1
. 6-24

6-29
7-1
7-1

. 7-22
. 7-37
. 7-38

7-54




TABLE OF CONTENTS (continued)

Page
8.8 SELECTION OF MONITORING REQUIREMENTS.....seeeeneen. 8-24
8.9 SELECTION OF PERFORMANCE TEST METHODS............-. 8-27
REFERENCES FOR CHAPTER B.vve v veeeeneaensnensnsnsnensnenensnsns 8-28

APPENDIX A, EVOLUTION OF THE PROPOSED STANDARDS........ess s .Ac]
APPENDIX B. INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS. . .. .. B-1
APPENDIX C. EMISSION SOURCE TEST DATA.......... R |

' APPENDIX D. EMISSION MEASUREMENT........... e R

APPENDIX E. IMPACT CALCULATIONS.....ervsenesvnnncenness i ESD
ABSTRACT AND TECHNICAL REPORT DATA......vvveeessssssnurnuneses F-1

vii



Figure 3~1
Figure 4-1

Figure 4-2

Figure 4-3

Figure 7-1

LIST OF FIGURES
- Page
Flowsheet for Modern Lime Calcination and Hydratiqn. . .3-4

Part1cu1ate Emissions from Rotary Lime Kiln o
Fac111t1es ' . . . . . - ¢ =« & & e @ . LI ) s & . 04"4

Su]fur'Dioxide Emissions from Rotary Lime Kiln
FaC'i.l'it"ES..........-...-.-.-....4"5_

Particulate Emissions from Lime Hydration Facilities . .4-13

Trends in the Major Uses of Lime . . . . . . e e .. . .7-10

viii




Table

Table

Table
Table
Table
Table

Table
Table
Table
Table

Table

Table
Table
Tabhle

Table
Table

Table
Table

1-1-

1-2

3-1
3-2
3-3
6-1

6-3
6-4

6-5

6-7
6-8
6-9

6-11

6-12
6-13

LIST OF TABLES

Page
SUMMARY. .OF PROPOSED STANDARDS AND MONITORING
REQUIREMENTS. . o « & o ¢ o o o o o o o 0 v s v o+ . . 1-2
MATRIX OF THE ENVIRONMENTAL AND ECONOMIC IMPACTS OF
ALTERNATIVE STANDARDS FOR THE LIME KILN AND THE
HYDRATOR. + & « o o o = o = o s o o s o o o o « o = .. 144
EMPLOYMENT IN THE LIME INDUSTRY IN RECENT YEARS . . . . 3-2
UNCONTROLLED MODEL LIME PLANT . . + « « o ¢ ¢ v o v o 3-10
TYPICAL LIME HYDRATE PLANT. . . - « « & = ¢ o o - .+ . 3-15
ALTERNATIVE EMISSION CONTROL SYSTEMS FOR ROTARY LIME
KILNS ............ L] « ®* = * & & a + @ 6-2

CONVERSION FACTORS FOR MODEL KILN AND MODEL HYDRATOR. . 6-3
ROTARY KILN PACTORS . + . « ¢ ¢ v ¢ o o+ o & R N

REDUCTION OF PARTICULATE AND SO, EMISSIONS OF FOUR
CONTROL SYSTEMS COMPARED TO STA%E REGULATIONS FOR

ROTARY LIME KILNS IN THE UNITED STATES, 1987. . . . . . 6-8
EMISSIONS FROM MODEL  KILN BURNING 3 PERCENT SULFUR :
COAL. . = & = ® [} # + ® & ® + ®B ¥ @® s+ & = & & - 6-12
AIR QUALITY IMPACT - MODEL 500 TPD ROTARY LIME

KILN " s & + @ e e ® = 8 = & % % + = + » s+ e & & 4 0 6-]3
SOLID WASTE IMPACT ON MODEL  ROTARY KILN . . . . . . . 6-15
1987 ELECTRICAL ENERGY IMPACT . . - &« « ¢ = o o v - « = 6-19
ELECTRICAL AND TOTAL ENERGY USE FOR MODEL  ROTARY

KILN. & 6 & o o o v s o o s s = o o s s o o e e e e 6-20
ENVIRONMENTAL IMPACT OF DELAYED OR NO STANDARDS FOR

ROTARY LIME KILNS . . & v o ¢ v ¢ o o o o o o o v o o 6-23
1987 REDUCTION OF PARTICULATE EMISSIONS FOR LIME

HYDRATORS IN THE UNITED STATES. . . o « ¢ « o « o =« o 6-25
PARTICULATE EMISSIONS FROM A MODEL ~ LIME HYDRATOR. . . 6-26
AIR QUALITY IMPACT - MODEL 17 TPH LIME HYDRATOR . . . 6-27

ix



LIST OF TABLES (CONTINUED)
Page

- Table 6-14 ENVIRONMENTAL IMPACT OF DELAYED OR NO STANDARDS FOR
’ LIME HYDRATORS. . . , . . . . . . . . ... .. - .. . 6-28

Table 7-1 ?UMBE? AND CHARACTERISTICS OF LIME PLANTS, BY REGION s
_ 974), ..., L., L T .

Table 7-2  HISTORICAL CONCENTRATION’RATIOS IN THE LIME INDUSTRY. . 7*5

Table 7-3 LIME PRODUCTION COSTS AS A PERCENT OF VALUE OF , g
‘ SHIPMENTS FOR S1C3274 ESTABLISHMENTS. . . . . . . . . . 7-8

Table 7-4  PLANT AND EQUIPMENT EXPENDITURES ' IN THE LIME INDUSTRY . 7-9

Table 7-5  HISTORICAL LIME PRODUCTION, CONSUMPTION, AND 1

| REPRESENTATIVE PRICES . . . . . . . .. N Y
Table 7-6  PROJECTED NEW KILN AND HYDRATOR CONSTRUCTION. . . . R
Table 7-7  MODEL PLANT CHARACTERISTICS . . . . . . e T8

. Table 7-8  SUMMARY OF COSTS FOR VARIOUS CONTROL DEVICES ON L
ROTARY KILNS. . . o v v v o v v o s e s e s e o 27
Table 7-9  ENGINEERING PARAMETERS FOR ESTIMATING OPERATING
COSTS . « v o v v e e e e . 7229
Table 7-10 SUMMARY OF ALTERNATIVE EMISSION CONTROL SYSTEMS . . . . 7-30
Table 7-11 INCREMENTAL CONTROL COSTS FOR ALTERNATIVE EMISSION
B CONTROL SYSTEMS - NEW SOURCES . . . . ... ... L. 1-3
- Table 7-12  INCREMENTAL CONTROL COSTS FOR ALTERNATIVE EMISSION
N - CONTROL SYSTEMS - MODIFIED SOURCES. . . .. ... .. 7-34
Table 7-13 PROFITABILITY IMPACT ANALYSIS FOR ALTERNATIVE
CONTROL SYSTEMS ON 500 TPD PLANT - NEW SOURCES . . : . 7-41
Table 7-14  INCREASE IN CAPITAL REQUIREMENTS FOR EACH = -
‘ ALTERNATIVE EMISSION CONTROL SYSTEM - NEW SOURCES. . . 7-44

Table 7-15 PROFITABILITY IMPACT ANALYSIS FOR ALTERNATIVE _ :
' CONTROL SYSTEMS ON 500 TPD PLANT - MODIFIED SOURCES. . 7-46

Table 7-16 INCREASE IN CAPITAL REQUIREMENTS FOR EACH‘ALTERNATIV o
EMISSION CONTROL SYSTEM -~ MODIFIED SOURCES . . . . . . _?-49

Table 7-17 SUMMARY OF 1974 FUEL USE ANALYSIS FOR S1C3274. . . . .. 7-51
- Table 8-1 ~ SUMMARY OF VISIBLE EMISSIONS DATA. . . , . ., ... . . 8-21

[

o



1. SUMMARY

1.1 PRO@OSED STANDARDS |

| Standards of performance for new and modified rotary lime kilns and
hydrators at lime manufacturing plants are being proposed under the authority
of section 111 of the_C]ean Air Act. The standards require the control of
particulate emissions from the specified affected facilities. These
facilities account for virtually all of the particulate emissions at 1ime
plants. A summary of the proposed standards and monitoring requirements is
presented in Table 1-1. Preceding the act of proposal has been the |
Administrator's determination that emissions from 1ime p1ants contribute
to the endangerment of public health or welfare. .In accordance with section
117 of the Act, proposal of the standards was preceded by consultation with

' _appropriate advisory committees, independent experts, industry representatives,

and Federal departments and agencies.

The proposed standards for the rotary lime kiln 1imit emissions to
0.15 kilogram of particulate matter per megagram of Timestone feed (0.3 1b/
ton) and 10 percent opacity. These standards are based on the results of
EPA source tests at six 1ime plants. The data are summarized in Appendix C.
The owner or operator of the affected facility will be required to con-
tinuously monitor the opacity of the emission plume. When a wet scrubber
is used for control, the opacity monitoring requirement is waived, and the
pressure drop and liquid supply pressuke of the scrubber must be monitored
instead.

The proposed standards for the Time hydrator limits the emissions to

0.075 kilogram of particulate matter per megagram of 1ime feed (0.15 1b/ton).

1-1
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No opacity standard is being proposed for the hydrator. The proposed parti-
culate standard is based on the results of EPA source tests on two hydrator
facilities. The data are summarized in Appendix C. The proposed standards also
require that the pressure drop and the liquid supply pressure of the scrubber

used to control the emissions must be. monitored.

1.2 ENVIRONMENTAL IMPACT

The ‘beneficial and adverse environmental impacts associated with the
proposed standards and with the various emission control alternatives that
were considered in selecting the standards are presented in this section.
The impacts are discussed in detail in Chapter 6, Environmental Impact, and
in Chapter 7, Economic Impact. A cross reference between the EPA guidé]ines
for the preparation of Environmental Impact Statements and this documeht
is fncluded in Appendix B. -

Table 1-2 is a matrix summarizing the environmental, economic, and
inflationary impacts that have been considered. Although the quantified
values presented are somewhat subjective, the table presents the type and
re1atfve magnitude of the impacts.

For the Time kiln, alternative C is the baseline system upon which
the impacts associated with the other alternatives are measured. Alternatives ﬁ
A-1, A-2, B-1, and B-2 are combinations of the various contfo1 levels
for particulate matter and SO, that have been considered. Alternative A
represents the use of a dry control system, such as a baghouse or an ESP,f
to control particulate emissions from the lime kiln. A-1 requires high
efficiency control and A-2 requires medium efficiency control. Alternative B
represents the use of a scrubber to control both particulate matter and
S0, from the kiin. Both B-1 and B-2 require.contrOI of S0, emissions to
a concentration of 100 parfs per mii]ion. B-1 requires high efficiency

particu1ate control and B-2 requires medium efficiency particulate control.
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The impacts on air quality are beneficially large for alternatives A-1 and
B-1. Significant negative impacts on water, energy demand, and solid waste
occur under alternatives B-1 and B-2. There are no known noise or radiation

impacts associated with any of the alternatives considered for the lime kiln.

For the hydrator unit, there were only two alternatives considered:
alternative I, the proposed standard, and alternative II the baseline system.
Siqnificant reduction in particulate emissions occur under alternative I,
~ with only negligible 1mpacts on enerqgy demand, No 1ncrementa1 impacts on
water or solid waste are anticipated. There are no known noise or rad1at1on

{mpacts associated with either the alternatives considered for the hydrator.

1.3 INFLATION IMPACT

The costs associated with the proposed standards for new and modified
facilities at lime plants have been judged not to be of such magnitude to
require an analysis of the inflationary impact. Screening criteria have
been developed by EPA to be used in the impact analysis. These criteria
have been outlined in an Agency publication and include:

(1) National annualized cost of compliance.

(2) Total added production cost in relation to sales price.

(3) Net national energy consumption increase.

(4) Added demands or decreased supplies of selected mater1a1s
Should any of the guideline values listed under these criteria be exceeded,

a full inflationary impact assessment would be required.

1-5
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1.4 CAPACITY AND COST IMPACT

The proposed standards will impact an estimated 6.8 teragrams (7.5 x 106
tons) of lime manufacturing capacity through 1982. 1t is projected that the
equivalent of 10 new and modified rotary Time kilns and 1 new lime hydrator
will be affected per year through 1982. The industry-wide investment costs
for control of particulate emissions from these facilities through 1982
are projected to be approximately $3.18 million. The fifth-year incremental
annualized costs, including depreciation and interest, are estimated at
approximately $4.97 million. | |

The Environmental Protection Agency has determ1ned that this document
does not contain a major proposal requiring preparat1on of an Economic

Impact Analysis under Executive Orders 11821 and 11949 and OMB Circular A-107.




2. INTRODUCTION

Standards of performance under section 111 of the Clean Air Act are proposed
following a detailed investigation of air poliution control methods available
to the affected industry and the jmpact of their costs on the industry. This
document summarizes the information obtained from such a study of the 1lime
manufacturing industry. Its purpose is to explain in detail the background and
basis of the proposed standards and to facilitate analysis of the proposed
standards by interested persons, including those who may not be familiar with
the many technical aspects of the industry. To obtain additional copies of.

this document or the Federal Register notice of proposed standards, write to

Public Information Center (PM-215), the Environmental Protection Agency,
Washington, D. C. 20460 (specify Standards Support and Environmental Impact
Statement, Volume 1: Proposed Standards of Performance for Lime Manufacturing
Plants.)
l2.1 AUTHORITY FOR THE STANDARDS

standards of performénce for new stationary sources are developed under
section 111 of the Clean Air Act (42 U.S.C. 1857c-6), as amended in 1970. Sec-
tion 111 requires the establishment of standards of performance fbr new stationary
sources of air pollution which ", . may contribute significantly to air
pollution which causes or contributes to the endangerment of public health
or welfare." The Act requires that standards of performance for such sources

reflect ". . . the degree of emission limitation achievable through the application

2-1
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of the best system of emission reduction which (taking into account the cost

of achieving such reduction) the Administrator determines has been adequately
demonstrated." The standards apply only to stationary sources, the construction
or modiffcation of which commenceswefter regu]atiohs are proposed by pub]ication

in the Federal Register,

Section 111 preecribes three steps to follow in establishing standards of
performance. |
1. The Administrator must identify those categories of stationary sources
for which standards of performance wil] ultimately be promu]gated by“

1isting them in the Federal Register.

2. The_regu]ations applicable to a category so listed must be proposed

by publication in the Federal Register within 120 days of its listing.

This proposal provides interested persons an opportunity for comment.
3. W1fhin 90 days after the proposal, the Administrator must promulgate
standards with any a1teratione he deems appropriate.

Standards of nerformance, by themselves, do not quarantee nrotection of
health or welfare; that is, thay are not designed to achieve any snecific
air quality levels. Rather, they are designed to reflect best demonstrated
technology (taking into account costs) for the affected sources. The overriding
purpose of the collective body of standards is to maintain existing air quality
and to prevent new nollution problems from developing,

Previous legal challenaes to standards of performance have resulted in
several court decision31’2 of importance in develoning future standards. 1In
those cases, the nrincipal issues were whether EPA: (1) made reasoned decisions
and fu]jy explained the basis of the standards, (2) made available to interested
parties the information on which the standards were based, and (3) adequately

- considered significant comments from interested parties,
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Among other things, the court decisions established: (1) that preparation of
environmental impact statements is not necessary for.standards developed under
section 111 of the Clean Air Act because, under that section, EPA must consider
any counter-productive environmental effects of a standard in determining what
system of control is nbest:" (2) in considering costs it is not necessary to
provide a cost-benefit analysis; (3) EPA is not required to justify standards
that require different levels of control in different industries unless such’
different standards may be unfairly discriminatory; and (4) it is sufficient
for EPA to show that a standard can be achieved rather than that it has been
achieved by existing sources.

Promuigation of standards of performance does not prevent State or local
agencies from adopting more stringent emission Timitations for the same sources.
On the contrary, section 116 of the Act (42 USC 1857-D-1) makes clear that States
énd other'po1itica1 subdivisions may enact more restrictive standards.

._Fﬁrfhehmdre, fpf'heé§i1y.bQ11ﬁfed areas;:more'stringent standards may be required
': under séﬁtion'110 of the Act (42 USC 1857c-5) in ordef to attain or maintain

| national ambient air QUa1ity standards brescribed under section 109 (42 USC 1857¢-4).
Finally, section 116 makes clear that a State may not adopt or enforcé 1e§s

stringent new source standards than those adonted by EPA under sectien 111.
Although standards of nerformance are normally structured in terms of

numerical emission 1imits where feasib1e,l/ alternative approaches

are sometimes necessary. In some cases physical measurement of emissions from

]

—/"'Standards of performance,' . . . refers to the degree of emission control
which can be achieved through process changes, operation changes, direct emission
control, or other methods. The Secretary [Administrator] should not make a
technical judgment as to how the standard should be implemented. He should
determine the achievable limits and let the owner or operator determine the most
economical technique to apply." Senate Report 91-1196.

2-3
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- @ new source may be impractical or exorbitantly expensive. For example,
‘ emiésions bf.hydrocarbohs from storage vessels for petroleum Jiquids are
_greatEStqdhﬁingftank_fi111nq. The nature of the emissions (high
concentrations for short periods during filling and Tow concentrations for
Tonger periods during storaqe) and the confiquration of storaqe tanks make
direct emission measurement 1mpract1ca1 Therefore a more practical
anproach to standards of performance for storage vessels has been equipment
snec1ficat1on _ _
2.2 SELECTION OF CATEGORIES OF STATIONARY SOURCES
Section 111 directs the:Administrator to publish and from time to time revise
a list of eategories of saurces for which standards of performance .are to_be
proposed. A éategory is to be selected ". . . if [the Administrator] determines
it may contribute significantly to air pollution whidh causes or contributes to
the endangerment. of public health or welfare."
Since passage of the Clean Air Amendments of 1970, considerable attention
‘has been given to the development of a system for assigning priorities to various
'_source categories.  In brief, the approaéh that has evolved is as follows. Specific
areas of 1nterest are identified by considering the hroad strategy of the Agency
for implementing. the Clean Air Act, Often, these "areas" are actually poliutants
wh1ch_are-nr1mar11v-emitted by stationary sources. Source ‘categories which emit
these pollutants are then evaluated and ranked by a process 1nv01v1nq such
- factors as (1) the level of emission control (if any) already required by
State_regu]at1ons, (2) estimated Tevels of control that might result from
standards 6f performance for the source category; (3) projections of growth

and replacement of existing facilities for. the source category; and (4) the
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estimated incremental amount of air pollution that could be orevented, in a pre-
selected future year, by standards of performance for the source Category.' An
estimate is then made of the time required to develop a standard. In some
cases, it may not be feasible to develop a stahdard_inmediate1y for a source
category with a high pfiority. This might occur because a program of research
and development is needed to develop control techniques or because techniques
for sampling and measuring emissions may require refinement. The schedule of
activities must also consider differences in the time required to complete the
necessary investigation for different source categorieé. Substantially more

time may be necessary, for example, if a number of pollutants must be investigated

in a single source category. Ffurther, even late in the develonment ﬁrocess the
schedule for completion of a standard may change. For examp1e,'inabi1itv to
obtain emission data from well-controlled sources in time to pursue the development

process in a systematic fashion mav force a change in schedulina.

Selection of the source category-1eéds to another major decision: determination
of the types of facilities within fhe source categdry to which the standard will
app1y. A sdurce category often has several facilities that cause air p611ution.l
Emissions from some of these facilities may be insignificant or very'exbensivé .
tO‘cdntro]. An investigation of economics may show that, within the costs that
an owner could reasonably afford, air pollution control is better served by applying
standards to the more severe pollution problems. For this reason, (or perhans
because there may be no adequately demonstrated system for controlling emissions
from certain facilities), standards often do not apoly to all sources within |
a category. For similar reasons, the standards may not app1y to 511 aif
pollutants emitted by such sources. Consequently, although a source category
may be selected to be covered by a standard of performance, not all pollutants

or faci1ities within that source category may be covered by the standards.
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2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE

Congress mandated that sources regulated under section 111 of the Clean
Air Act be required to utilize the best system of air po11utfon control °
(considering'costs)‘that‘has been adequately demonstrated at the time of their

design and construction. In so doing, Congress sought to:

—r
.

Maintain existing high-quality air,

2. Prevent new air pollution problems, and

3. Ensure uniform national standards for new facilities.

Standards of performance, therefore, must (1) realistically reflect
best demonstrated control practice; (2) adequately consider the cost of
such control; (3) be app]icab]e to existing sources that are modified as well
as new installations; and (4) meet these conditions for all variations of
operating conditions being considered anywhere in the country.

The objective of a program for development of standards is to identify
the best system of emission reduction which "has been'adequate1y demonstrated
(cohsidering cost)." The 1egis]ativé history of section 111 and the court |
decisions referred to earlier make clear that the Administrator's Jjudgment
of wat is'adequate1y demonstrated is not Timited to systems that are in
actual routine use. Consequently, the search may include a technical assess-

ment of control systems which have been adequately demonstrated but for which

"there is Timited operational experienée. In most cases, determination ‘of

the "degree of emission Timitation achievable" is based on results of tests

of emissfons from existing sources. This has required worldwide investigation
and measurement of emissions from control systems. Other countries with heavily
populated, industrialized areas have sometimes developed more effective systems

of control than those used in the United States.
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Since the bast demonstrated systems of emission reduction may not be in
widespread use, the data base upon which standards. are developed may be
somewhat limited. Test data on existing well-controlled sources are
Jobvious, starting points in developing. emission limits for new sources.
However, since the control of existing sources generg]ly represents retrofit
technology or was originally designed to meet:an‘existing:Statg ont1oca1 regulation,
new sources may be able to meet more_stringent_emission standards. Accordingly,
other information must be considered and judgment is necessari]y‘jnvolyed in
setting proposed standards. | |
Since passage of the Clean Air Amendments of 1970 a process, for the deve1opment
- of a standard has evolved. In general, it fq11ows\the guidelines below.
- 1. Emissions from existing well-controlled sources are mgasured.‘
2. Data on emissions from such sources are assessed with cqnsideration
of such factors as: (a) the representativeness of the source tested
- (feedstock, operation, size, age, etc.); (b) the age and maintenance of
the control equipment tested (and possib1e dggradation_in the efficiency
of control of similar new equipment even with good maintenance_procedures);
(c) the design uncertainties for the type of control equipment‘being
considered; and (d) the degree of uncertainty that new sources will be

able to achieve similar levels of contro]

3. Dur1ng deve1opment of the standards, 1nformdt1on from p11ot and
prototype 1nsta11at1ons qguarantees by vendors of control equ1pment,
contracted (but not yet constrycted) prOJects, foreign techho]ogy, and
published Titerature are considered, especia11y for sources nhgre
"emerg1ng" technology appears s1gn1f1cant | “ |

4. Where possible, standards are deve10Ded wh1ch perm1t the use Of

more than one control techn1que or licensed process.
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5. Where possible, standards are developed to encourage (or at least permit)
“the use of process modifications or new processes as a method of contro]
rather than "add-on" systems of air pollution control

6. MWhere possible, standards are developed to permit use of éystems ganable_of

controlling more than one po]]ufant (for example, a scrubber can t

remove both gaﬁeous and particulate matter emissions, whereas an

electrostatic precipitator is specific to particulate matter).

7. Where aporopriate, standards for visible emissions are developed in
conjunction with concentration/mass emission standards. The opacity
standard is established at a level which will require proper operation
and maintenance of the emission control system installed to.meet the
concentration/mass standard on a day-to-day basis, but not require the
installation of a control system more efficient or expensive than that
required by the concentration/mass standard. In some cases, however,
it is not possible to develop concentration/mass standards, such as with
fugitive sources of emissions., In these cases, only opacity standards
may be developed to Timit emissions.

2.4 CONSIDERATION OF COSTS

Section 111 of the Clean Air Act requires that cost be considered in developing
standards of performance. This requires an assessment of the_possib1e economic
effects of implementing various levels of control technology in new nlants within
a given industry. The first step in this analysis requires the generation of
estimates of installed capital costs and annual opnerating costs for various
demonstrated control systems, each control system alternative having a different
overall control capability. The final step in the analysis is to determine the

economic impact of the various control alternatives upon a new plant in the industry.
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The fundamental question to be addressed is whether or not a new plant would be
constructed if a certain level of control costs would be incurred. Other issues
that are analyzed are the effects of control costs upon product prices and product
supp1iés, and producer profitability.

The economic impact upon an industry of a proﬁosed standard is usually
addressed both in absolute terms and by comparison with the control co§%s that
would be incurred as a result of compliance with typical existing State contrel
regulations. This incremental approach is taken since a new plant would be
required to comply with State regulations in the absence of a Federal standard of
performance. This approach requires a detailed analysis of the impact upon the
industry resulting from the cost differential that exists between a standard

of performance and the typical State standard.

The costs for control of air pollutants are not the only costs considered.
Total environmental costs for rontrol of water pollutants as well as air pollutants
are aha]yzed wherever possible.

A thorough study of the profitability and price-setting mechanisms of the

industry is essential to the analysis so that an accurate estimate of potential
adverse economic impacts can be made. It is also essential to know the capital
requirements placed on plants inthe absence of Federal standards of performance

so that the additional capital requirements necessitated by these standards can

be placed in the proper perspective. Finally, it is necessary to recognize any
constraints on capital availability within an industry as this factor also influences
the ability of new plants to generate the capital required for installation of

the additional control equipment needed to meet the standards of performance.



2.5 CONSIDERATION OF ENVIRONMENTAL IMPACTS L
Section 102(2)(c)'of”the'Nationa1 Environmental Policy Act (NEPA) of 1969
(PL ‘91-79n) reauires Federal agencies to prenare detailed environmental ‘statements
on proposals for Tegislation and other major Federal actions significantly
affecting the qualitv of the human environment. The objective of NEPA is to
build into the decision-making nrocess of Federal aqencies a careful consideration
of all environmental asnects of'nfonosed_actions.‘
" As mentioned earlier, in a number of leqal challenges to standards of

performance for various industries, the Federal Courts of Aoneals have held
that environmental impact statements need not be nrepared bv the Agencv for
proposed actions under section 111 of the Clean Air Acti Essentially, the Federal
Courts of Anneals héve-détefmined'that "...the bhest system of emission reduction,"
", ..require(s) the Administrator to take into account counter-productive environ-"
mental éffects of a ‘nroposed standard, as well as economic costs to -the industrv..."
On this basis, therefore, the Courts "...established a narrow exemption from
NEPA' for EPA determinations under section 111,12

"In ‘addition to these judicial determinations, the Energy Sunply and
Environmental Coordination. Act (ESECA) of 1974 (PL-93-319) specifically = -
exempted pronosed actions under the Clean Air Act from NEPA reauirements. .
According to section 7{c)(1), "No action ‘taken under the Clean Air Act
shall be deemed.a major Federal-action significantlv affecting the quality.
< 0f thehuman: environment within the meaning of the National Environmental | o
Policy: Act of 1969.".

The Agency has.concluded, however, that the Dreparatidn of-environmehta1
imnact statements could have beneficial effects on certain requ]afory actions,

. Consequently, while not legally reauired to do so by section 102(2)(c) of NEPA, .
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environmental impact statements will be prenared for various regulatorv actions,
including standards of nerformance developned under section 111 of the Clean
Air Act. This voluntary preparation of environmental impact statements, however,
in no wav legally subjects the Agency to NEPA requirements.

To implement this policy, therefore, a separate section is included in
this document which is devoted solely to an analysis of the potential environ-
mental impacts associated with the pronosed standards. Both adverse and beneficial
impacts in such areas as air and water pollution, increased solid waste disposal,
and increased energy consumption are identified and discussed.
2.6 IMPACT ON EXISTING SOURCES |

Standards of nerformance mav affect an existing source in either of two
wavs. Section 111 of the Act défines a new source as "any stationary
source, the construction or modification of which is commenced after the
regulations are proposed." Consequently, if an existing source is modified
after oronosal of the standards, with a subsequent increase in air nollution,
it is subject to standards of performance. [Amendments to the general provisions

of Subnart A of 40 CFR Part 60 to clarifv the meaning of the term modification

were promulgated in the Federal Register on December 16, 1975 (40 FR 584.6).]

Secondly, promulgation of a standard of performance requires States to

establish standards of performance for existing sources in the same industry

under section 111(d) of the Act if the standard for new sources limits emissions

of a pollutant for which air quality criteria have not been issued under section 108
or which has not been listed as a hazardous pollutant under section 112, If a

State does not act, EPA must establish such standards. [General provisions
outlining procedures for control of existing sources under section 111(d) have

been promulgated on November 17, 1975 as Subpart B of 40 CFR Part 60 (40 FR 53340).]



2.7 REVISION OF STANDARDS OF PERFORMANCE
Congress was aware that the level of air pollution control achievable bv any

industry may improve with technological advanbes. Accordinglv, section 111 of the
Act provides that the Administrator may revise such standards from time to time.

Although standards proposed and promulgated by EPA under section 111 are désigned
to require installation of the ". . . best system of emission reduction . . . (taking
into account the cost). . ." thé standards will be reviewed periodica11y. Revisions
will be proposed and promulgated as necessary to assure'that the standards continue
‘to reflect the best systems that become available in the future. Such revisions
will not be retroactive but will apply to stationary sources constructed or
modified after proposal of the revised standards.

| - REFERENCES FOR CHAPTER 2

1. Port;and Cement Association vs. Rucke1shaus; 486 F. 2nd 375 (D;C.-Cir."
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CHAPTER 3.- THE LIME INDUSTRY

3.1 GENERAL

In the United States, the annual production of limestone ranks second
to sand and gravel 1n'tonnage of all commoditiés, and in physicé1 volume
exéeeds such 1arge.tonnage méferia]s as petroleum, coal, and ifon ore, Since
'1ime‘exists in varyfng amounts in nearly every cduntry, annual world production
is virtually. incalculable but hés been variously estimated at 2-2.5 bi11ibn

1

tons in the 1960's.' Lime is the world's leading reagent for use in the

treatment of both water and air pollution, and is fhe second 1argest_bésic
chemical in commercial use,? -’ | | | |
Deposits of ]imeéfone exist in every staté in the U.S. and usua11y'afe
found in very large amounts, It 1s.estiﬁated that 15-20 percent of fhe |
physical surface of the U.S. is underlayed with_11hestone._ It'shou]d‘be
noted that even though these deposits are extenﬁiQe, they are fréquént1y 
so overburdened that quarrying or mining is not economical. Because product
quality is of high concern, only a small proportion of the total 1imestone
production is of a grade suitable to meet the requirements demanded by industrial
processes. The lower-grade limestones are generally suitable for use in the
agricultural and building fields where the chemical composition is not a limiting
factor in their use. The total production capacity of United States 1ime plants
is about 22 million tons per year (1975), produced in 179 lime plants in over
- 40 states. From the past trends in lime usage and anticipated increase in

the uses of 1ime, an annual growth rate of 5 percent is expected over the next
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ten.years.' Most of the production (80 percent) and anticipated growth in
prodqction_wi11 occur in Time plants that have over 100,000 tons per year
production capacities.
There is one known 1ime plant in the U.S. where Time is derived from
the ca]cination of oyster shells obtained from coastal waters. The dredging
of'qyster shells is_concéntraﬁed'in the Texas-Louisiana gulf area where no
11mestone_deppsits.of-conseduence are found within 200 miles of the coast.
The four traditional major uses of lime are in agriculture, construction,
chemical and metallurgical processes, and refractory applications. In 1974,
chemicé] and metallurgical processes accounted for 81 percent of all lime
consumption; construction uses for 10 percent; refractory application for
8 percent; and agricultural uses for only one percent.3
| : The 1ime industry has steadily become more capital intensive, producing
more 1ime with less labor per unit of output. Table 3-1 shows the employment
in the mines and plants of the lime industry in recent years.
Table 3.7 EMPLOYMENT IN THE LIME_INDUSTRY IN
RECENT YEARSS .
Year 1970 1971 1972 1973 1974 (est.)
" Employment 8,100 6,777 7,000 7,300 7,500

~ Although not a major employer, the 1lime industry is economically
essential because many other basic industrial processes rely on the use
of 1ime. Curtailment of future growth or the inability to supply changing
1ime markets would have a large multiplier effect on U.S. employment.
Howéver, these developments appear unlikely as large capital productive

~ companies enter the picture as captive or commercial producers of 1ime.
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3.2 PROCESSES AND THEIR EMISSTONS

(;Ihe basic processes in production of lime are (1) quarrying the 1iméstone
raw material, (2) preparing the limestone for kilns by crushing and sizing,
(3) calcining the limestone, and (4) processing the quicklime further by
hydration:\ The quérrying, crushing and sizing of 1imestone is being considered
in another document. The processes covered in the proposed standards are the
calcination and hydration of the lime product. These are shown schematically
in Figure 3-1. For the purposes of this document, "limestone" 1is considered
to mean both calcitic and dolomitic limestone. The pertinent emissions are
particulates from the kiln and hydrator and sulfur dioxide from the ca1cining
process in the kilns. '

3.2.1 Calcination and Its Emissions

Limestone is subjected to temperatures of about 1100°C (2000°F) td break
it down' chemically to produce guicklime and release COp. The reaction can be
shown as follows:

CaCO3 > Ca0 + C0p

Calcining at this temperature produces a soft, porous, highly reactive 1ime.
Heating beyond this stage can result in lumps of inert, semi-vitrified material.
This unreactive material is known as over-burned or dead-burned 1ime and 1is
often used in the manufacture of refractory materials. If the raw material
is not calcined sufficiently, Tumps of calcium carbonate are left in the
finished product. This is known as "underburned" lime.

In the United States, calcination is done in a variety of kilns including
the Tong rotary kiln, the short rotary kiln with external stone preheater, the
vertical or shaft kiln, the rotary hearth or Calcimatic kiln, and the fluidized

bed kiln. Each type has its own advantages but the U.S. lime industry apparently
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favors rotary kilns, Almost 90 percent of the U.S. 1ime production is processed

in rotary kiln system5.47 Virtually a1l kilns built in 1974-1975 were rotary

kilns and this trend is expected to continue in the future.5 One factor that

makes the rotary kiln attractive for processing Time in the future is that it

is the only kitn that can presently use coal and still maintain product qua'lity.6
As natural gas and oil have become more expensive or unavailable, many )

plants using rotary kilns have modified their kilns to use coal.) It is

“expected that the supply of low sulfur coal will not be able to'meet the increased

demand, and inevitebly many plants will be forced to use high sulfur content

coal. It is estimated that by 1986, 50 percent of the 1ime plant new capacity

will have high sulfur coal as the only fuel available.
3.2.1.1 Rotary Kiln -
The operation of long and short rotary kilns is basically jdentical.

These kilns are a furnace made of hggyx_g}ge1_p1atg 1ined with refractory brick.

——
R

They are fired by one'or combination of any of three available fuels: natural
‘gas, pulverized coal, or 6i15/ The largest kiln now in eperation in the U.S.
has a production capacity of’a1most 1000 tons of lime per day. Kilns vary in
¢ize, ranging from about 2 to almost 5 meters in diameter and from 18 to 137
meters in length.

The kilns are installed at a 3-5° inclination on four or six foundation
piers and revolve on trunnions at 30-50 sec/revolution. Limestone is fed
into the elevated end of the kiln and is discharged as quicklime at the Tower
end into the cooling system. No more than 10 percent of the kiln is filled with
limestone or 1ime as it moves slowly through the long cylindrical furnace in
a gentle tumbling motion. Usually cooling air is induced into the discharge

~ end of the product cooler and into the kiln as secondary combustion air<i~The
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combustioh,gases flow countercurrently to the flow of the stone to the charging
- _end, where they are used to preheat the kiln feed.\ In the long rotary kiln,
theLexhuast‘gas temperature ranges between 593 and 7§O?C. In the externa]_
Timestone preheater in the short rotary kiln, the exhaust gas temperatures
range between 926 and 1148°C, | ‘

Rotary kilns can handle a range of stone feed sizes between 1/4 inch and
2 1/2 inches. When the feed size range is narrow and the minimum size is
abpvef1/2 inch, a high degree of mixing in the bed during calcination
produces a very uniform lime. A wide range of lime qualities can beiproduced
from unréactive or dead-burned Time to highly active Times with CaC03 content
between 0.2 and 0.8 percent.6 Low sulfur lime, less than 0.035 percent sulfur,
used by_the steel industry can easily be produced in rotary kilns.

Cooling equipment used with rotary kilns is generally of two types,
either.satellite coolers for finer materials or contact-type coolers for
-coarse ]ime, Satellite coolers have less heat recovery but less maintenance
and operating costs. Contact coolers have considerably more heat fecovery

but higher operating costs and appreciable head room requirements. Rotany

_.--—"""

coo1ers ‘and grate Le type coolers are secondary choices in the 11me industry. 7
- The major heat losses in a rotary kiTn System are the heat in the 11me

e

d1scharged from the cooler, the rad1at1on 1055 from the kiTn 1tse1f, including
_the preheater, cooler, and other accessories, and the heat in the exit gas. 4
The heat that Js_used for calcination is transferred in three ways. The major
heat transfer in a rotary kiln is by gas radiation from the hot -flame and
combustion gases. A much éma11er amount of heat transfer results from brick
radiation. ‘The third and minor portion of heat transfer is due to convection

when the hot gas stream comes in direct contact with the charge in the kiln.?




There is not much that can be done to increase radiation heat transfer,
but heat transfer by convection can be greatly increased by additional m'ixing.9
This mixing can be increased by dams, internal recuperators, trefoils and
lifters. Some of the increased convection heat transfer is offset by slight
reduction in the radiation heat transfer.4

The -addition of internal mechanical mixing devices insures against

horizontal stratification when the charge has a wide range_of sizes. In
Jong rotary kilns without internal mixing devices, the center of the charge
in the kiin receives relatively little heat. This is because the fine
particles insulate the charge from the brick 1ining and the larger partic]és
rol1 over the top of the charge and receive most of the flame radiation.g"
Thus, a kidney-shaped core of unreacted limestone can be left in a medium-
sized feed. This problem can be solved by installing internal mixers,
reducing the loading to the kiln, or feeding a smaller size limestone.?
If a kiln is to be run at full capacity with wide-sized feed, internal mixers
must be added. However, the benefits of adding these devices will be offset
to some extent by increased maintenance costs, higher dust loads in the exit
gas, and larger amounts of fines in the product.

Fuel consumption o? long rotary kilns generally averages 7.0 to 8.0 x
106 Btu per ton of 1ime produced while electric power consumption ranges from
24 to 32 kw hr per ton of lime produced. These calculations depend upon the type
of firing and dust collection systems used. It should be added that heat
transfer in rotary kilns is largely by radiation. Because long kilns have |
high surface radiation losses as well as exit gas losses, reducing the kiln
length and replacing radiation heat transfer with direct gas contact and

convection heat transfer results in lower exit gas temperatures as well as
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lower. fuel consumptidns.' Efficient short kilns with preheater systems operate
between 5.0 and 6.0 x 10° Bty per tOn of lime; however, energy figures are
soméWhatﬂhigher than for long rotary kilns: 32-t6 36'kw hr per ton of Time
depending on the firing system used.® Space requiréments'for preheater systems
are apphoximatély 60 to 70 percent Tess than.for ]ong'kt1ns.'_Pneheater kiln
systems‘are“particu1ar1y efficient when equfpped with COntact-type coolers.,
The use of preheater systems is limited to feed materials which do not decrepitate
- or degrade during calcination,® |

" The capac1ty of the short rotary kiln is high, s1m11ar to that of the Tong
rotary k11n but the s1ze will presumab]y remain sma]ler because of preheater
- désigns. |
 Acceptable feed sizes for short kilns with praheatat‘s are more 1imited
* than for long rotary kilns. Usua11y“thé'mtnimumiis.3/8 of an inch-ahd the
'makimum‘is 13/4 inches. ANl ava11ab1e fuels and comb1nations can be used in
a short kiln and- ‘the quality of the product is comparabTe to that of 1ong
rotary kiln limes. Mixing and bed motion in the calcination zone occurs to
~the same degree as in long rotahy kilns but the material is exposed to the
bed motion for a much shorter time. Feed is motionless on the grate-type
"“préheaters'and‘on]y\in very slow and gentle motion in the shaft-type'pheheater.
Therefore, matéria] degradation and dust production is reduced in preheater
systems |

Dust co]1ect1on in preheater systems is further reduced by lower gas

”"quant1t1es being handled, which result from Tower- fuel consumption and Tower
-ex1t gas- temperatures. The_preheaters_a]so act as dust filters. This is
part]cu1ar]y_true of shaft_type.preheaters_because of their generally higher

bed'.6
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'3.2.1.1.% Mode1 plant - A plant producing‘SOO fons of Iime pér day'Was_CHosen
to be the madel p¥ant for the industry;"Table‘SQZ shows the characteriSﬁics.
of this plant. Defining a model plant is necessary in order to detérmine 

the various impacts of:the control options discussed'iniChaptef 6. The
expected growth in the lime industry is -discussed in terms of the number of
additiona1“afTeCtéd model plants per year. The effect the control options
w111-have on the energy uéage and émiséions of the lime industfy may be then
quantified. |

3.2.1.1.2 Other cons1derations - There can be s1gn1f1cant sulfur d1ox1de (502)

emissions from rotary lime kilns, Sulfur is found in most 11mestqne_and_in
a1T fuels used in the industry except for natural gas. Dufing_fueI combustion
and calcination, most of this sulfur is converted to SO,. Some of the 502
will react with the lime product or with the lime dust and soméawill\be,emitted
"with the kiln off-gas as SO,. .The¢ahount_of S0, that feacts with tﬁe_Ifmé -
product or Time dust will depend on the chemicaj;composition of the stone,
the temperature in the kiln, the amount of excess 6xygen_in thé kiln and . -
the amount and particle size of the dust 1ns1de ‘the kiln. 4
‘The sulfur in the limestone feed does not normal]y contr1bute to a substant1a1
portion of the total SO emissions from a rotary kiln. - Most of the limestone
sulfur remains in the lime product. The major concern with respect t_o-SO2
emissions from rotary Kilns isnthe_su1fur-content of the fuel. When natural
gas is fired, there are negligible SOz-emissioné. When coal or 0il with
sulfur content less than 1.Q_percent is used, up to 100.ki]ogram§.(220 pounds)
of S0, may be_produced-hut only about 10 percent of the-sulfur jn the fuel
is vented to the atmosphere as S0,. - When high sulfur, content:coal,is;bqrned,

qa_Sma]1er percentage of the S0, is removed before the gdses are exhausted -
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Table 3-2. UNCONTROLLED MODEL LIME PLANT2

Feed 1,000 tons stone/day
Product 500 tons 1ime/daxl
Heat requfred 6.5 x 10° Btu/ton ffme
Yearly operation 330 déys per year

Coa1 heat content _ 12,500 Btu/1b coal

Coal usage | 130 ﬁons coal/day
Electric Power usage 32 kw hr/ton Time
Dust load to cyclonic separator 7,100 pounds/hr-

Dust load from cyclonic separator 2,130 pounds/hr

Potential SOp from coal

1.0% coal - 200 1b/hr
3.0% coal : 650 ib/nr
NOy emissions 60 1b/hr
CO emissions 20 1b/hr
Gas flow to control 48,000 SCFM (13.7% H,0)

41,000 DSCFM (8.2% 02)
Gas flow to control device per ton lime. 138,000 SCF (13.7% H20)
119,000 DSCF (8.2% 02)

AAssumes "uncontrolled" plant to use cyclonic separators except for systems

which use a baghouse., .
bAssume an average dusting rate as percentage of Time produced of 17%.



and the S0, emissions can become significant. It is estimated that the
uncontrolled emission of SO would be as high as 38 kg/hr (84 1b/hr) for the
model 500 tons of Iime/day plant when it is using 3.5 percent sulfur coal
(see EPA test‘date, Appendix C, Table C-2).

There ‘are also carbon monoxide (CO) and nitrogen oxide (NOy) emissions
from rotary ki1ns; These emissions are shown for the model plant in Teble 3-2.
The preéence of oxygen and CO in the exhaust is not theoretically possible |
but it occure due to fhe incomplete mixing of the gases in the kiln. The
concehtration‘of CO in the off-gas can vary widely, from 15 to 580vparts'
per million in the EPA tests, depending mainly on the amount of exceés oxygen
in the k%1n; Most 1ime kiln operators will try to keep both the oxygen and
CO Tevels in the kiln off-gas below 0.5 percent dufing normal operations.4
The formation of NOy also depends upon the excess oxygen in the kiln, but
it is the operating temperatures which determine the level of NO,. Operating
temperatures are normally fixed depending upon the type of product that
is being made.. NOy emissions also vary widely, from 38 to 363 parts per million
in the EPA tests. (See Appendix C.)
3.2.1.2 Other.Ki1ns -

3.2.1.2.1 Vertical kiln/{/et one time, the vertical kiln, or shaft kiln,

was fhe most widely used 1nthe United States.) Although may vertical kilns
remain in operation in the U.S., the total capacity of the vertical kiln

has fallen well behind that of the rotary kiln./ This kiln deSign is basically
an upright heavy steel cylinder lined with refré&tory materiai} “Kiln dimensions
may vary from about 3 to 8 meters in diameter and from about 11 to 31 meters

in height with an average size of 3.7 by 16 meters.

In principle, most modern vertical kilns are divided into four largely

jmaginary zones that are often indistinguishable from each other, The
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proportioning and contouring of these zones constitute the "art" of vertical-
kiln design. These zones from top to bottom are: |

‘1. Storage. This is located at the top of the kiln and acts as a
storage hdpper or silo to receive the kiln feed.

2. Preheating. In this zone waste or recirculated exhaust gases .
preheat the stone preparatory to calcination in the zone below.

3. Calcining. This is the calcination chamber where at least 95 percent
of lime burning occurs. The lower portion of this zone is oftEngca11ed the
finishing zone where calcination is completed.

4, Cooling. Cool air enters this zone from the base of the kiln or
discharge point and by natural or forced draft or by suction passes Counfer-
current to the Time descending down the kiln. The air cQo1s the lime but
recoups much 6f the heat as secondary combustion air for the calcining.zone
above, The cooled 1ime is discharged onto conveyors below fhe kiln.

Many variations of the shaft-type.ki1n”have beén'designed and are
operating. Most of the more sophisticated and higher capacity ki1ns'have
been developed in Europe because of the appreciably-higher'fue1‘cbsts.

primary advantage of vertical kilns over rotary ki]ns.is the higher
average fuel efficiency. The primary disadvantages of the vertical ki]n'aré:
(1) its relatively low production rate as compéred to the rotary or rotary
hearth kiln and (2) the inability to burn solid fuel (coal) wfthout degradation
in the quality of the lime. Of the fourteen'known Time kiln insta11ation$ built
in the U.S. since 1969, none were vertical kilns.B

3.2,1.2.2 Rdtary hearth kiln - The rotary hearth kiln, or Calcimatic kiln,

is a circular-shaped kiln with a slowly revolving donut-shaped hearth. The

circular refractory hearth is supported on two concentric tiers of rql1ers
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that'can'be operated at various speeds of 35-200 min/revolution. Thé remainder
of the kiln is stationary. The hearth is divided into zones, and through
instfﬁménféﬁion'precise temperatures can be maintained at these different
z0mes. yggE_i§_§gﬂﬂlﬂﬂ1juLﬁylLiple_n§Lunal gas_or oi] burners, and the
limestone is fed from a preheater chamber onto the hearth. |

" The hearth will accomodate a rather wide range of stone sizes, including
relatively broad graduations, such as 1/4 to 4 inches. The stone is distributed
in an even bed of one-to-six inch depth.

The finished lime is scraped off about 350° around the cifé1e from the
point where the feed limestone is spread onto the hearth. The heated gases
from the caleination zone of the kiln are passed through the feed 1imestone
for preheat purposes, similar to the procedure in the vertical kiln., In
some cases, the cooling of the Time product is done in an indirect
heat exchanger where the burner combustion air is preheated, thus adding
to the fuel economy.

The rotary hearth kiln combines the advantages of the rotary kiln
and the vertical kiln in EEEE.E_EEEE_EE99993199~£ate can be achieved with
10& dust emissions. Here again, however, the kiln cannot be operated with
solid fuel, |

3.2.1.2.3 Fluidized bed kiln - Fluidized bed kiln systems have found 1imited

app1icétion in the lime industry because of their narrow feed size requirements.
This patented kiln utilizes a very fine particulate kiln feed of No. 8 to

No. 65 mesh that is fiuidized or air-floated by controlled air and combustion
gases as it descends through preheating and calcining zones. The finely
divided Iihestone is brought into direct contact with hot combustion air

in a turbulent zone, usually above a perforated grate. The stone is physically
tossed and bounced about by the turbulent air and quantities of dust are

carried out of the reaction zone by the combustion air.
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3.2.1.2.4 Kiln emissions comparison - A comparison of the four types of kilns
in terms of uncontro]]ed particulate emiséions reveals the f1uidi2ed'béd kiln
EQ;haye_theihighestmunéontralledfdustmvutputwmthis;is due'primariTyto the
'Very small feed size combined with the high air flow through tge kitn. Y The
Tong rdtéry kiln is second to the fluidized bed kiln in uncoﬁf%o]]éd parti-
culate emiséions. This ¢ attributed to the small feed size.and dustfng
‘caused by rolling of the feed through the kf1n. Short rotafy kiTn with
external preheater and the rotary hearth or “Ca1¢imaticf'ki1h rank th{fd

in dust production, primarily because of their 1af§éf feed size combined
With the fact that the limestone remains in a stationary position during
'ca1cining. QIZ: vertical kiln has the Towest dust emissibn'during'operatibn.
This is attributed to the large Tump-sized feed and the slow movement of
the feed material through the ki1n.8“>

3.2.2 Hydration and Its Emissions

Although most 1ime produced is sold as 1ime, a small amount (10 percent
in-1974) is converted into slaked Time or.hydrated Time.| The reaction can

be shown as follows:

Ca0 + Hp0 - Ca(OH)2
In most hydration plants water is added to the Time in a pug mill premixer
where theré is thorough blending of the lime and water. The Time-water mix
then goes to the agitated hydrator where most of the chemical reaction takes
place. The reaction is exothermic and the heat of réaétion converts part
of the water in the mix to steam. A fan maintaihs a slight negativé bressure
‘in-the hydrator and the steam is diséhafged to the atmosphere aiéng with any

air that enters the hydrator through the charging port. \ Hydrator emissions

are normally controlled by, the use of either water sprays tn the hydrator

stack or by wet scrubbers. | The resulting slurry or milk of lime is usually

[
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returned to the premixer as part of the slaking water., Virtually all hydrators
have this equipment integrally installed.2 Occasionally a rate retardent is
added to the mixture in order to control the heat of the reaction. The
amount of water added is critical. If too much water is added, it will

be impossible, or require costly drying, to produce the desired dry form.

If too Tittle water is added, incomplete hydration will cause a Towering of
product quality. If the hydration is done properly, the resulting product
should be in the form of a fluffy, micron-sized, dry, white powder.

| A plant that hydrates 14 tons of lime per hour and produces 17 tons per

hour of hydrate was chosen to be typical for the hydrate process. Table 3-3
_presenfs a listing of the characteristics of this plant, which is used as

a base for assessing the impacts due to each control option discussed in

Chapter 6.
Table 3-3. TYPICAL LIME HYDRATE PLANT
Feed 14 tons of lime per hour
Yearly operation 4700 hours per year
Product : 17 tons of hydrate per hour
Gas flow to scrubber 6,000 ACFM (85% H,0 + 175°F)
700 DSCFM
Gas flow from scrubber 10,000 ACFM (47% Ho0 + 175°F)
| 4,400 DSCFM
Dust load to scrubber 1,200 pounds/hr

3.2.3 Fugitive Emissions

The uncontrol™d fugitive particualte matter emitted from transfer points,
screens, and loading operations in lime plants have not been qualified, and

are thought to vary widely depending on individual plant practice. 1In an old
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pIant there can be as many as 30 of these miscellaneous sources. A new,
'we11 des1gned p1ant wou]d probab]y have fewer than 15. “The amount'ef
epart1cu1ate in the uncontro11ed em1351ons is est1mated at about 5 pounds
per ton of 1ime. | Based on this estimate, fug1t1ve em1ss1ons gay account_

for as much as 10 percent of the tota1 part1cu1ate em1531ons at typ1ca1

‘11me p1ants
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CHAPTER 4. EMISSION CONTROL TECHNOLOGY

The various devices that are used to control emissions from the calcination

and hydration processes at 1ime manufacturing plants are described in this

chapter. The presentation discusses the types of devices presently in service
in the industry, and the levels of emission reduction attainable by each. The
levels of emission reduction are derived from EPA tests, other tests performed

by state and local agencies, industry tests, and vendor guarantees.

4.1 CALCINATION EMISSION CONTROL TECHNOLOGY

Four types of emission control are used to contro] particulate matter
frommrotary lime kilns. These devices are:

1. Baghouse

2. Electrostatic Precipitator (ESP)

3. Venturi scrubber

4. Gravel Bed Filter _
A1l of these control devices can be designed to attain very high cof]ection
efficiencies. There are advantages and disadvantages associated with the
use of each device.

The rotary kiln off-gas to these devices is the same as the one described

in Chapter 3. Table 3-2 gives the parameters of this off-gas stream for the

model plant.
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4.1.1 Baghouse

IWhen baghouses are used for controliing dust emissions from rotary kilns,
tubetype, glass fiber bags with graphite and silicone finﬁshes are specified,
Some form of gas cooling is required since these bags cannot withstand temperatures
above 288°C (550°F) and the kiln exhaust temperature is generally in excess of
538°C (1000°F). This cooling can be achieved by (1) evaporative water sprays,

(2) indirect radiation convection heat exchange, (3) ambient air dilution, -

(4) external stone preheater, or (5) a combination of these. The fabric filter
bags are typically 5 to 12 inches in diameter, 10 to 30 feet long, and weigh
14 to 18 oz. per square yard., Generally a baghouse has from 4 to 12 individual
compartments containing 200 to 600 bags each.

The bags are used as a filter media to remove the dust from the gas stream.
As the duét-1adén gas is forced through the fabric, the dust collects on the
fabric, forming a cake which also helps in the filtration, Fabric filter
effectiveness is primarily a function of kiln exhaust particle size digtribution,
fabric type, fabric age, and maintenance history. Pressure drops of around
5 inches water column (IWC) are typical for fabric filters used in the lime
industry. At some preset time interval, one of the compartments is taken off
“1ine and a reverse gas flow is forced through the fabric, releasing the cake.
The cake of duét falls into a hopper where it is sent by pneumat{q or sbrew
conveyor to eventual disposal. |

WHen one compartment is off-line for cleaning, the total avai1ab1e filtration
afea is reduced, Therefore, filter units are designed on the basis of air-to-
cloth ratios (cubic feet per minute of air per square foot of cloth) for the

total unit with one compartment off-1ine for c1eéning. Air-to-cloth ratios

1

for lime kiln exhaust are nominally 2.2/1 whén one compartment is off-line.
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Properly designed and operated baghouses will have a bag life of from 22 to
34 months.?2

Baghouses have the primary advantage of offering the highest average parti-
culate collection efficiency for lime kiln exhaust gas treatment. They are also
tolerant of process upsets that lead to short-term heavy loadings. The dry
waste dust can potentially be used for a variety of purposes as described in
Chapter 6. The main disadvantages of the fabric filter collector are (1) large
physical size space requirement, (2) high capital cost, and (3) high maintenance
cost,

Of the Time plants tested by the EPA, the plants controlled by baghouses
- averaged the lowest particulate emission rates. (See Appendix C, Table c-1.)
In tests performed at two separate 1ime plants, the average emissions were
0.041 and 0.111 kilogram of particulate per megagram of feed (0.082 and 0.222
1b/ton). The particulate concentrations for the two plants were 0.01 and 0.05 grams
per dry standard cubic meter. At the low concentrations found in the EPA
tests, there are normally no visible emissions; the only visible emissions recorded
were those seen for a few seconds when a compartment went back on line after
cleaning. The visible emission readings taken during the particulate testing are
also summarized in Appendix C. The maximum six-minute average opacity that was
observed during the particulate testing normalized to a 3.0 meter stack
diameter was 7.0 percent; over 95 percent of the six-minute averages were
zero and all of the readings were less than 10 percent. In a non-EPA test of
three other baghouses, an average emission of 0.13 kilogram of particulate
per megagram of limestone feed (0.27 1b/t) was found. 3

The SO» emissions from rotary lime kilns controlled by baghouses are shown
in Figure 4-2 and in Appendix C. These data indicate a wide range of S0, removal
efficiencies, which ranged from 82 to 93 percent removai. There appears to be a "

relationship between the SO removal efficiency and the percent sulfur in the coal.
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better the percent S0, removal.

4.1.2 Electrostatic Precipitator

- An electrostatic precipitator (ESP) is a device that utilizes electric
forces to Separate suspended particles from gases. Two basic criteria must

be met before an ESP can be utilized: (1) the suspended particle myst be

from the gas stream at the desired efficiency. _
Precipitators for Time kiln application are of the dry, horizontal flow

type construction common to many other applications, Since they are constructed

of carbon steel, the kiin 9as must be cooled to an acceptable temperature by

a methdd similar to those described for the baghouse. Evapofativé cooling

is preferred because it results in a lower final gas flow and the moistﬁre

added improves the dust precipitabiIity.4 'Precipitabi]ity is a function of

flyash, calcium sulfate, etc.),
The kiln gas enters the precipitator and flows through Passages created

by ‘paralie] rows of grounded collecting plates, Discharge electrode wires,

they lose theip charge and fal] by gravity into hoppers, Programmed rapping.

of the electrodes is alsp_required to keép the collector plates and discharge

electrodes clean.
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For an ESP to function optimally, the gas should be evenly distributed

- across the collectors. These plates should have the maximum voltage and
power possible without sparking. The two main factors influencing the
efficiency of a precipitator are the gas velocity and treatment time. Thus,
higher efficiencies are attained in any process by increasing the precipitator
size. Although virtually any desired efficiency can be obtained, normally
precipitators operate in the range of 90 to 99 percent particulate remova1.1

The primary advantages of the electrostatic precipitator are apparent in
the cases where "dry" collector systems are required. In these instances,

- electrostatic precipitators require amounts of space similar to that required
by a baghouse, although the operating costs are found to be lower. The
resulting waste is a dry dust which may be disposed of in a variety of ways
as described in Chapter 6. The major disadvantages of this collector are
its high capital cost and its relatively low collecting efficiency on submicron
particles. A high level of maintenance skill is needed to keep an ESP in
operation at design conditions. In addition, a potential fire hazard exists
during start-up periods if flammable dusts or fuels accumulate in the dischérge
zone of the precipitator. '

‘The results of EPA particulate emission testing at two lime plants utilizing
e1ectrostatic precipitators are presented in Figure 4-1. The particulate
emissions in three tests of these two plants ranged from 0.015 to 0.082 g/dscm
(0.0068 to 0.036 gr/dscf). The emissions from plant C averaged 0.068 kg/Mg
of stone feed (0.135 1b/ton). The emissions from plant D averaged 0.133 and
0.141 kg/Mg of stone feed (0.266 and 0.282 1b/ton) in two separate emission
tests. Neither of.the plants tested by EPA used coal for fuel; one burned
natural gas and the other operated on a mixture of 0il1 and natural gés. A
third plant, not tested by EPA, that operates on coal and 20-30 percent natural

gas also has 99-plus percent collection efficiency.

4-7




This plant uses an atomized water spray to cool the kiln gases and to assist
the dust precipitabi1ity. The dust-laden gases then enter a three-chamber
ESP where the dust is removed.5

There are more visible emissions from an ESP than a baghouse, but an
ESP should be capab]e of achieving below 10 percent opacity if it is operating
normally. During the EPA particulate source tests, visible emission readings
were taken which are summarized in Appendix C. The maximum normalized Gﬁminute
average opacity observed during the tests was 10.1 percent. Over 56 percent
of the 6-minute averages were zero, and over 99 percent of the averages were
less than 10,

The S0, emissions from a rotary Time kiln controlled by an electrostatic
precipitator are shown in Figure C-2. Since one of the kilns tested was
burning natural gas during the test, no S0, was found in the exhaust stream
from the ESP. The second kiln was burning a mixture of natural gas and oil.
Only 12 percent of the sulfur in the fuel oil was found in the exit gas from
the ESP.

4.1.3 Wet Scrubbers

The most common high pressure drop scrubber used for controlling emissions
from rotary lime kilns is the venturi scrubber. This scrubber consists of two
tapered sections which form a throat in the air passage. The contaminated gas
stream is accelerated through the venturi-shaped throat section, reaching
velocities of 150 to 400 feet per second.® Water is introduced just ahead of
the venturi throat by means of an overflow or through nozzles or slots, and
is atomized into fine droplets by the action of the high velocity gas stream.
The dust particles in the gas stream collide with and are captured by tﬁe small
liquid droplets. Downstream of the venturi, the droplets cda]esce 50 that some

comparatively simple form of water-gas separation device, such as a cyclone
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separator, may bé used for collection.” Gas-water contact in the venturi is so
thorough that evén'the'submicron particles are removed. The efficiency of par-
ticulate removal is a direct function of the energy input, measured by the
préssure drop across the venturi throat. Throat pressure drop can range from

. 8 tb 40 inches of water column (IWC), depending upon: the particle size and

the degree of cleaning required., For high removal efficiency of particulate

" matter in emissions from rotary kilns, it is estimated that a pressure drop

of about 22 TWC is'necessary. This number was derived from extrapolation of
known data and expert opinion.

The primary advantages of the venturi scrubber are its small space require-
ment and its Tow capital cost. However, the venturi scrubber also has several
disaanntages. “Although Tow pressure drop scrubbers use less energy than
high pressure drop scrubbers, even a low efficiency scrubber with a 9 IWC
pressure drop.requireS'more energy than any of the other high efficiency
control devices discussed in this chapter. Scrubbers require ponds for
separatién of the collected particulate from the scrubbing water, which is’
then reused. These ponds must be Tocated so that they do not receive excessive
rainwater run-off, which could cause overflow into Tocal navigable waters.
"“Such an overflow is prohibited by Federal regulation unless it occurs as a
result of a 25-year rainfall occurring over a 24-hour period. In such a
case only an amount of water equal to the rainfall excess can be legally
: discharged.8 Some' plants would not have suitable land area aVai]ab1e for
these settling ponds, in which case the plants could use slurry settling tanks
to dewater the slurry product requiring minimal land area for water treatment
and solids disposal.’ |

" There are few high pressure drop scrubbers (22 IWC) in use on U.S. rotary

lime kilns.  In a non-EPA test of a lime kiln operating at 100 percent of
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capacity, particulate emissions averaged 0.134 kg/Mg of stone (0.267 1b/ton).
‘The scrubber used to control emissions from this kiln was designed for 22 IWC
but was operating at only 17 IWC during testing.10 The results of EPA particu-
lTate emission tests on one kiln scrubber operating at 15 INC are shown in
Figure 4-1. The emissions ranged from 0.048 to 0.72 g/dscm (0.021 to 0.32
gr/dscf) and averaged 0.062 ¢/dscm (0.0274 gr/dscf). The average process
weight'emission rate was 0.216 kg of particulate per megagram of Timestone feed
(0.431 1b/ton). Few visible emission readings were taken during the particu]éte
tests on this kiln because the large steam plume made all possib]é readfngs
suspect. There did appear to be some visible emissions, but they could not
be quantified.

In two other tests, one on the same scrubber at a lower (11-12 IWC)

1 and another on a similar scrubber with a 15 IWC pressure

pressure drop
drop, 12 average process weight particulate emission rates of 0.232 and 0.163
kg/Mg of stone feed (0.463 and 0.326 1b/ton), respectively, were found.
Venturi scrubbers give excellent control of S02 emissions whenmépried
to lime kilns. EPA tests on three separate kilns show efficiencies of 50,
removal in excess of 98 percent. (See Appendix C, Table C-2,) On a rotary
kiln burning 1.86 percent sulfur coal, the inlet S0, concentration averaged
162 ppm while the outlet cbncentration was near zero (Dynascience continuous
monitor used). On a Time kiln burning high sulfur coal (3.53 perbent sulfur),
the inlet loading was 265 kg/hr (585 1b/hr) of S0, while the outlet was
1.3 kg/hr (2.9 1b/hr), a reduction in excess of 99 percent. On a dead-burned
dolomite kiln burning high sulfur coal (2.96 percent sulfur), the emission

reduction due to the scrubber was measured as 160 to 3.5 kg/hr (350 to 7.8 1b/hr),

a reduction of about 98 percent.




Lime's1urry scrubbers can also be used in series following baghouses or

ESP's to control the 502 emissions from rotary lime kilns. These scrubbers.
have different designs than scrubbers designed for particulate control. The
pressure drop required would be less and the residence time would be greater.
Although no combination device of this sort‘is now in operation on any U.S.
lime kiln, it is not uncommon in the utility industry. It fs estimated that
_such a combination would give S0, and particulate control with less energy
use than a high energy (22 IWC) scrubber alone. The combination device
would, however, have a capital cost almost double that of a single device

used alone.

4.1.4 Gravel Bed Filter
Grave1.bed filters have only recently been applied to U.S. rotary lime
kiln emissions although they have been widely used in Europe. Gravel bed
" filters clean exhaust gases in three steps. First the gas enters the filter
and loses velocity so the large chips can settle out. The medium sized

particles are removed by cyclonic separation. Finally the smallest particles are

removed by agglomeration as they pass through a filter medium of crushed stone.
The cleaned gas is then Vented to the atmosphere. Usually six to fourteen filters
are used in parallel, In some cases each of these filters is placed in series with f

a second filter for greater economy and space salving.]3

Accumulated dust is removed by isolating one of the gravel beds and reversing
the air flow through it. After a shorf time lag the gravel bed is raked by a
‘mechanical stirring device. The dust laden cleaning air then goes to a cyclone
and a settling chamber where its velocity is reduced and most of the dust settles
out. The cleaning air is then sent to the other gravel beds for filtering. The

cleaned gravel bed is then put back on Tine and another filter is c]eaned.]4




There are several advantages to using the gravel bed filter for lime
kiln off-gas. There is no need to change or repair the filter media, no
need for water, and the maintenance costs are small with Tittle down time.
The waste dust is dry and sa1eab1e assum1nq a market can be estab11shed
The major d1sadvantage assoc1ated w1th the gravel bed filter is the h1gh
operat1on costs due to the pressure drop which can be as high as 10 IWC. 11

No EPA tests were performed on gravel bed filters. Seven source tests
on a plant using 8 gravel bed filters showed a particulate process weight
emission rate that ranged from 0.243 to 0.5 kg/Mg of stone feed (0.487 to 1.00
1b/ton). 14 In a second source test on a plant using 20 gravel bed filters
to control e 725 megagram (800 tons) of lime per day preheater kiln, an average
part1cu1ate process weight emission of 0.14 kg/Mg of 11mestone feed (0. 28 1b/ton)
was found ~In this test there was a1so a 93 percent removal of SO, through the

system with an average emission of 17 parts per million of 502.11

4.2 HYDRATION EMISSION CONTROL TECHNOLOGY |

As stated in Chapter 3, uncontrolled hydration emtéstoné consist of
particles of hydrated Time in a very moist 99°C (210°F) gas stream. There
are no gaseous pollutants present. Hydration emissions have-been'shown to
be'most effective1y controlled by wet scrubbers, but a baghouse has been
used in at least one case. In order to use a baghouse, however, the exhaust
gas must be superheated in order to avoid condensation of the near saturated
gas stream. Therefore, wet scrubbers are the only system of emission reduction
considered for this facility.

The most common type of scrubber used on 1lime hydrators is the wetted
fan type with centrifugal separation Water is Sprayed into the center of

the draft fan and is thus forced to mix w1th ‘the gas stream. More water is
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sprayed into the duct carrying this gas-water mixture just after the fan.
The dust-laden slurry water is then removed from the cleaned gas stream by
centrifugal separation. The water-saturated gas is then vented to the atmosphere.
The slurry water is returned to the hydrator pre-mixer as part of the slaking
water, This utilization of the scrubber effluent eliminates the settling -
ponds and waste sludge disposal problems usually associated with particulate
scrubbers., |

The results of two EPA source tests and of one p1ant source test on lime
hydrators are presented in Figure 4-3 and summarized in Append1x . The
average particulate process weight emission rates measured were 0.042 and 0.059
kg/Mg of lime feed (0.084 and 0.117 Tb/ton) for the EPA tests and 0.034 kg/Mg
of Time feed (0.068 1b/ton) for the p1ant test. The average concentrat1ons
were 0.066 and 0.423 g/dscm (0.029 and 0.186 gr/dscf) for the EPA tests and
0.055 ‘g/dscm (0.024 gr/dscf) for the plant test. A large‘steam pTume made‘
visible emissioh‘readings'very difficult; however, one hour of observation

was made and no visible emissions were noted.

4.3 FUGITIVE EMISSION CONTROL TECHNOLOGY

Many potential sources of fugitive particulate emissions exist at a lime
plant. They include transfer points, screens, and loading operations. Proper
design and layout of the lime plant, such as minimizing the height and number
of drop points and using enclosed elevators and screens will greatly reduce
emissions. To further control the fdgitive emissions, hoods can be p]aeed
over the exit sources. The dust-lader. gases are then ducted to a control
device, usually a baghouse, where the particulates are removed. Since the
gas is at ambient temperature, no special bag fabric is needed although poly-
propylene appears to be best suited for this application. The dust from the
product handling operations can then be briquetted and returned to the system

or sold as dust for water treatment.15
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With adequate pickup velocity through a hood visible emissions from a
fugitive emission point should be very low. If the elevators and screens are
- enc]osed_and vented to a control device they should also have very low visible
emissions. Little data or information is available, however, which identifies
to what extent the use of hoods or various other types of enclosures would
reduce visible emissions. Consequently, the performance of these emission

control techniques cannot be quantified.

4.4 STATE REGULATIONS

In most States, new lime plants are subject to (1) general process weight
regulations des1gned to 1imit particulate emissions from any source and
(2) regulations designed to 1imit SO, emissions from all fuel-burning sources
and based on the Btu content of the fuel combusted expressed in millions of
Btu's per hour. For the 907 megagram (1000 ton) per day limestone feed model
kiln, the avérage State requlation will allow 0.5 kilogram of pafticu1ate |
matter per megagram of stone feed (1.0 1b/t) and 3.1 kilograms of SO, emissions
per megagram of limestone feed (6.2 ]b/t).]ﬁ The average State regulation
for control of emissions from the typical hydrator is 0.5 kilogram of parti-

culate per megagram of lime feed (1.0 b/t).17
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5. MODIFICATION AND RECONSTRUCTION OF ROTARY LIME KILNS
AND LIME HYDRATORS

The proposed standards apply to all affected facilities constructed or
modified after the date of proposal of the proposed standards. Provisions

applying to modification and reconstruction were originally published in the

Federal Register on Deggmber 23, 1971. Clarifying amendments were proposed

in the Federal Register on October 15, 1974 (39 FR 36946), and final regulations
were promulgated in the Federal Register on December 16, 1975 (40 FR 58416).

Modification is defined as "any physical change in, or change in the
method of operation of, any existing fagi]ity which increases the amount of
any air pollutant (to which a standard applies) emitted into the atmosphere.
by that facility or which results in the emission of any air pollutant (to
which a standard applies) into the atmosphere not previously emitted."
Reconstruction occurs when components of an existing facility are replaced to
such an extent that:

(1) The fixed capital cost of the new component exceeds 50 percent
of the fixed capital cost that would be required to construct a comparable
entirely new facility, and

(2) It is technologically and economically feasible to meet the
applicable standards.

In the case of reconstruction, the reconstructed facility is covered by the
standard whether or not an increase in emission occurs.

There are certain circumstances under which an increase in emissions

does not result in a modification. If a capital expenditure, that is less
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than the most recent annual asset guideline repair allowable published by
the:InternaI Revenue Service (Publication 534), is made to increase capacity
at an exi;ting faciTity and also results in an increase in.emissions to the
atmosphere of a regulated pollutant, a modification is not considﬁred to have
_.occﬁrred. However, all potential modifications have to be reported even
if it can be proven that there was no increase in emissions to the atmosphere.
Other cases under which an increase in emissions does not constitute a modifi-
cation occur when the increase is caused by an increase in capacity throughput
or a'change in the type of fuel being used when these changes do not involve
a change in the original design of the facility. Additionally, if an increase
in emissions has occurred which could be considered a modification, the
amount of increased emissions, in kg per hour, may be traded off by reducing
emissions of the same pollutant from another facility within the same plant
as long as it can be shown that the total emissions of that pollutant from
the p1aht has not:increased. This is referred to as the "bubble concept". |
" The purpose of this chapter is to identify some of the potential modifi-
cations and reconstructions of affected facilities, and any exemptions or
special allowances covering changes in existing facilities that should be
coﬁsidered. Exemptions from the regulations may be based on avaiTabi]ity
of technology and economic considerations;
| The following physical and operational changes of rotary Time kilns were
‘considered: |
(1) Conversion from natural gas or fuel oil to coal firihg;
(2) Adding 2 imestone preheater to an existing kiln;
| (3)'Adding internal baffling to an.existing kiln to increase mixing;
(ﬁ);Expanding thecapacfty of the production 1imiting component of the
faci]fty (debott]eneckihg).
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There are no anticipated modifications for lime hydrators. If, however,
a process modification does occur that would potentially increase emissions
to the atmosphere, the increase in emissions could be controlled by either
increasing the pressure drop across the water scrubber or by adding additional

scrubbing water and maintaining the same pressure drop across the water scrubber.

5.1 CONVERSION FROM NATURAL GAS OR FUEL OIL TO COAL FIRING

An existing rotary lime kiln that burns natural gas or fuel oil may be
converted to burn coal. If the kiln was not originally designed to burn the
alternative fuel, the conversion will constitute a modification if there is
an increase in emissions to the atmosphere. Fuel conversion would cause an
increase in particulate emissions from the kiln and therefore is a potential
modification., Whether or not there would be any increase in emissions to

the atmosphere would depend on the type of control device used. A baghouse

has proven to be rather insensitive to small changes in the inlet loading.

In tests conducted at the Ideal Company Devil's Slide Cement Plant on a baghouse
controlling a rotary cement kiln, there was no increase in emissions when the

kiln was converted from fuel oil to coal firing. The effect of fuel conversion

on collection efficiency When an ESP is used to control particulate emissions

is not known. If there was an increase in emissions from a scrubber following

fuel conversion, either increasing the pressure drop or the amount of scrubbing
water will reduce the particulate emissions to the atmosphere to the pre-conversion

level.

5.2 ADDING A STONE PREHEATER TO AN EXISTING KILN
An existing rotary lime kiln may retrofit a stone preheater in order to
cool the exhaust gases before they enter the control device. Tﬁe addition of
a preheater will also reduce the energy consumption per ton of lime and increase

the production rate. The stone bed in the preheater will act as a dust precleaner
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so that there W111 be no 1ncrease in dust Ioading to the contr01 dev1ce Even
though the product1on 1ncreases, the air flow to the control deV1ce will not

‘1ncrease because of the lTowered fuel consumpt1on Therefore, 1t appears that
"when a stone preheater is added to an existing k11n there W111 be no increase

in particu]ate em1ss1ons from the contro] device to the atmosphere

5.3 'ADDING INTERNALS'TO AN EXISTING KILN
The add1t1on of 1nterna1 baff]ing to an ex1st1ng k11n is another way

-‘a-to reduce the energy consumpt1on per ton of lime. Dams, 1nterna1 heat recuperators,

'3‘trefo1ls and lifters are used to increase mix1ng of the kiln charge so that
__the heat_w111 be more readJ]y_transferred to the stone. This increase in mixing

wi11‘a1so'resu1t in an increase in particulate emissfons from the ki1n. As in

"Sect1on 5, 1, the effect this will have on emissions is dependent upon the type

of contro] dev1ce 1n service,

5.4 DEBOTTLENECKING |
~ Expanding the capac1ty of the product1on 11m1ting component of the facility

(debottleneck1ng) will increase the product1on of the faci]1ty Such |
| alterations w111 have to be evaluated on a case by case basis to determine if
the 1ncrease 1n capac1ty resulted from a cap1ta1 expend1ture" as described in
IRS Publication 534 and if there will be an increase in emissions to the
atmosphere. Norma11y the changes will be made to modernize the equipment and
w111 not result in substantial 1ncreases in product1on. Therefore, there will
“ 11ke1y be a sma]] (1f any) increase 1in part1cu1ate em1ss1ons from the kiln
' and aga1n depend1ng upon the type of -contro] dev1ce in operation, potentially

no 1ncrease in em1ss1ons ‘to _the_atmosphere.




6.0 ENvinoNMENTAL IHPACT .
The air pollution 1mpact and the other environmenta1 consequences of
the alternative systems of emission reduction presented in section 6.1. 1 are
discussed in this chapter. . The emission sources-for which these a]ternative
”'systems are con51dered are the rotary 1ime- k1]n off-gas and the 11me _hydrator
off-gas A comparison W111 be made between the emissions from the systems §
required to meet State regu]ations for these two sources and the emi551ons .
from other demonstrated systems Both beneficia] and adverse impacts which

may be directiy or 1nd1rect1y attributed to the operation of these alternative

systems W111 be assessed

6.1 IMPACTS OF CONTROL TECHNOLOGY FOR ROTARY LIME KILNS |

' In Chapter 4 four different types of particulate emission contro] devices
for rotary lime kiln off-gas are discussed. Three of these devices the bag-
house, e]ectrostatic prec1pitator, and the venturi- water scrubber, can be
‘de51gned to reduce the emission ievels from lime kiln off-gas to 0.15 kilograms
of particuiate per megagram of iimestone feed (0.3 pounds/ton)

Em1551ons of SO, in rotary kiln off—gas are also controiied to some i_ '
extent by these particuiate confroi devices, Data from three tests show that
a medium pressure drop water scrubber can reduce the SO2 ex1t gas concentration
from a kiln burning high sulfur coal to less than 100 ppm. Data from an Eva
test show that kilns burning high suifur coai and equipped with baghouses :
have S0, exit gas concentrations of. 200 ppm
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6.1.1 Alternative Emission Control Systems

In this chapter four‘a1ternative emission control systems for rotary
Time kilns are presented. Two systems (B-1 and B-2) control SO2 to 100 ppm
and tﬁo (A-1 and A-2) have no S0, control. Two systems (A~1 and B-1) contro]
particulate emissions to 0,15 kg/Mg of limestone feed (0.30 1b/ton) and two
(A-2 and'B-Z) control particulate emissions to 0.30 kg/Mg of limestone feed
(0.50 1b/ton). These four systems are shown in Table 6-1. A fifth system (C),

that of no additional control, will also be presented. Under this system

ownerswor operators would be required to meet the typical State regulation,
described in section 4.4, Table 6-2 shows the conversion of the concentration
emission factors for particulate and SOz into other equivalent émission
féctors. The conversions are exact for the model kiln described in chapter 3
and will vary slightly from kiln to kiln depending primarily on the kiln fue]
‘efficiency and the fuel used.

Table 6—]. ALTERNATIVE EMISSION CONTROL SYSTEMS FOR ROTARY LIME KILNS

Particulate . 802 Control Levels

Control Levels No 502 Control 100 ppm
0.15 kg/Mq A-1 B-1

(0.30 lb/ton)

0.25 kg/Mq A~2 B-2

(0.50 1b/ton)

0.50 kg/Ma ¢ -

(1.00 1b/ton)

The cbntro] equipment required for each of the fiye alternative emission
control systems is described in the following section. An estimate is made of
the percentage of industry capacity that will be controlled by each of the

“available devices so that the total energy required for emission control by

the industry can be calculated.
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Control System A=1 -

This system requires that particulate emissions be controlled to 0.15
kg per megagram of Timestone feed (0.30 1b/ton).  No control of $02 is = .
required. The system would use a baghouse, high- energy electrostatic preci-
pitator or a water scrubber with an estimated pressure drop of 22 inches of
water column (22 INC). Based on current sales trends it appears that most
operators are choosing to use baghouses due to the high operating costs of
scrubbers. It is estimated that 80 percent of new p]ants would comply with
this emission 1imit by using baghouses and that 20 percent would use ESP*s.
In those states which presently require control at a 1eVe] slightly Tower .
than this most new plants are using baghouses. However the standard can be -
met with high energy ESP's which have comparable energy requirements and
operating costs. Certain lime manufacturers favor the use:of;ESP's and will.
continue to use them, |

Control System A-2 -

This system requires that particulate emissions be contro11¢d to.0;25
kilograms per megagram of stone feed (0.5 Tb/ton). This is below the Tevel
of 0.50 kilograms per megaqram of stone feed (1.00 1b/ton) reauired by the
average State regulation., No control of SO2 is required. This option could
be met by a baghouse, Tow energy ESP, or a water scrubber with a pressure
drop of about 15 IWC. It is estimated that 60 percent of U.S. lime manufacturers
would comply with this alternative hy using a baghouse, 20 percent would use
the low energy ESP, and 20 percent would use a scrubber with 15 IKC. ‘Certain
manufacturers that have a conyenient area for ponding prefer to use scrubbers
when they will meet emission standards. Although more energy is required,

capital costs and maintenance are less.
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Cohtro1.system B-1 =

This system requires both S0, control to 100 ppm and particulate control
to 0.15 kg per Mg of stone feed (0,30 1b/ton). Plants burning low sulfur
coal (1.0 pé%cent S and below) can normally meet this alternative by us1ng
a'baghbuSe, high energy ESP, or high pressure drop (22 IWC) water scrubber.
Plants burning higher sulfur coal may have to use a scrubber. 1t is expected
that 50 percent of the industry will use 22 IWC water scrubbers, 40 percent
will use baghouses and 10 percent will use high energy electrostatic precipi-
tators. Plants burning higher sulfur coal that have to use a water scrubber
may choose to use a combination baghouse and low pressure drop SO2 scrubber
in order to comply with the S0, emission limit instead of using a 22 IWC water
scrubber.

Control System B-2 -

This system requires SO, control to 100 ppm and particulate control to
0.25 kg per medagram of stone feed (0.50 1b/ton). Plants hurning Tow sulfur
coal (1.0 percent S and below) can comply with this alternative by using a
baghdusé, low energy ESP, or medium pressufe.drop (15'INC) watér scrubber.
It is expected thaf 60 percent pf these plants would use 15 IWC water scrubbers,
30 percent would use baghouses, and 10 percent would use electrostatic preci-
pitafors. Plants burning higher sulfur coal may have to use a 15 IWC water
scrubber to insure compliance with the S0, limitation, thus the high percentage
of plants using scrubbers,

Control System C -

Plants burn1ng high sulfur or low sulfur coal can meet the average
present State regulation by using a baghouse, Tow energy ESK, low pressure
drop (9 IWC) water scrubber, or a grayel bed filter. It is expected that if

only State regulations remain in effect that 60 percent of the industry would
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use baghouses, 20 percent would use Tow enerqgy ESP's, and 20 perceht wou'ld

use 1ow-pfessure drop 9 IWC water scrubbers.

- 6 1. 2 A1r Pollution Impact
o To determine the actua] emission reduction that wou1d be ach1eved by

each of these a1ternat1ve emission control systems, 1t is necessary to

: .est1mate the reduction in air pollution beyond that which wou]d otherw1se

~ be ach1eved by State or local requ]at1ons

It s assumed that by 1987 the entire 1ihe industhy‘w511 be:dsth§>c6a1
as fuel and that one-half of the coal will have sulfur contents ranqihg'from
1.0-to 4.0 percent. The average sulfur content of the high su1fur.cqa] fs
expected to be as high as 3 percent. |

6.1.2. 1\ Estimated Emission Reduction in 1987 -

The va1ues for the 1987 total Time and hydrate product1on and the _
product1on subJect to any control opt1on are deve]oped in Chapter 7, Economic
}gpggt, Lime production capacity is ~expected to grow at a . rate of'3 6 L
percent compounded w1th a base of 24 166,000 -tons in 1977 and hydrate production
: capacity is expected to grow at a rate of 1.6 percent w1th a base -of 2,891,000
tons in 1978 It is pred1cted that the equivalent of e1qht new 500 ton-
~ per-day kilns w111 be bu11t in 1977 and that. the equ1va1ent number bu11t
per vear will increase to twelve in 1987. The rotary kiln emission factors
for all app11cab1e control devices are discussed in deta11 in Chapter 4 and
Chapter 7 and summarized in Table 6-3.

“The results of these impact calculations for United States emissions in
1987 are shown in Table 6-4. When compared to Alternative C, all of the
remaining four alternative systems of emission reduction (described'in 6.1.1)

show a reduction in 1987 particulate emissions (positive 1mpact)‘ranging-from
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Table 6-3, ROTARY KILN FACTORS

i Emission factors
........ e Founds 05
per ton stone| Electrical
: Tow | High |energy factors
Pounds particulate|sulfur|sulfur|Kilowatt hours
per ton stone coal | coal | per ton stone
' Uncontro11ed'(cyc10ne only) 341 - - 16 VAN
Baghouse 0.3 1.0 2.0 2.42
Electrostatic precipitator | 0.3 - - 3.19
(high energyg
Electrostatic precipitator 0.5 - - 2.21
(Tow energy)
Water scrubber 22 IWC 0.3 0.1 | 0.1 15.2
Water scrubber 15 IWC 0.5 0.1 0.1 10.8
Water scrubber 9 IWC 1.0 0.1 0.1 6.45
Gravel bed filter 1.0 - - -

'LlElectrica1 energy required for kiln and associated equipment.
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Table 64, REDUCTION OF PARTICULATE AND SO0, EMISSIONS OF,
'FOUR CONTROL SYSTEMS COMPARED TO STATE REGULATIONS |
" FOR ROTARY LIYE KILNS IN UNITED STATES 1987 g

Particulatelt
impact

T T R -.50243%'-] :
Control Control -required - impact

‘system.

- ka/Ma

T 1b/ton

eSO, ]

~ tons

- tons.

Al 1
M|
s
oy

0.5

0.5

0.5
0.5

03 |
"*Q-Sb?' -_
.t_oqso' 12'}
__,_O_.._so.'_' |
100

100~

" 10,000 o
| 7200 -

10,000
7200

7200 ¢
7200

o a0 BT

LlPart1cu1ate impact calcu1ated by compar1ng system to state regulat1on

1280 1mpact ca]cu]ated by comparing emiss1on Timit (100 ppm) to amount
em?tted from that half of 1ndustry burn1ng h1gh su1fur coa] (200 ppm)

/3State regulat1on




7200 to 10,000 tons a year. The impact on S0 emissions ranges from no
impact to a reduction of 7200 tons.

6.1.2.2 Impact on. Model Plant -

_ The effect of the various alternative emission controI systems- on the
em1ss1ons from the model rotary kiln (1000 tons of stone feed per day, 500
tons per day of 1ime product) are shown in Table 6-5. Part1cu1ate em1ssions
are reduced by 50 percent under Alternatives A-2 and B-2 and by 70 percentr
under Alternatives A-1 and B-1. As discussed earlier, the reduction in 0,
emissions would potentially occur only in plants burning c@a]_with a sﬁ]fuf
content of more than 1 percent. Alternatives B-1 and B-2 would result in an
SO2 emission reduction of 50 percent in plants burning 3 perceﬁt'su]fur coal.

6.1.2.3 Imhact'on Air Quality -

A meteorological dispersion model has been used by. thé U, S. EPA Sodrce.-
Receptor Analysis Branch for the evaluation of the alternative systems of
emission reduct1on outlined in Section 6.1.1. The spec1f1c model employed
was the aerodynamic-effects version of the Single Source Dispersion Model
(CRSTER), that was developed by the Meteorology Division, EPA. This is a
Gaussian type model capable of considering multiple emiséion points and
complex aerodynamic effects. Assumptions made in this application of the
model include the following:

1. Emission rates are constant.

2. Pollutants are nonreactive and non-depleting.

3. Terrain is relatively flat.

‘The model is programmed to use a previously determined set of dispersion
conditions derived from the basic meteorological data for each hour of a
given year. - The calculations simulate the interaction between the plant

characteristics and these dispersion conditions to produce a dispersion
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pattern for each hour. These computations are performed for each point in

an array of ]80 receptoré encircling the plant. Cumulative averages are
calculated at each of the receptors for any number of hours. In the case

of lime plants, the averaging periods of interest are 1 hour, 3 hours, 8 hours,
24 hours,'and 1 year.

Lime plants are located throughout the United States, but for the |
purposes of this dispersion analysis, Austin, Texas, was chosen as the
location for tHe mode]l p]aht. It was felt that the meteorology at this
Tocation was such that it represented an adverse condition for Time plants.
The meteorology data used are the actual hour by hour conditions that were
recorded at Austin over a one year period.

Dispersion calculations were performed on two separate model plants,
one with a typical stack height of 30.5 meters and the other with a taller
stack of 51.0 meters. The two models are presented to show the affect on
_ambient air quality of a typical plant and a plant designed to preclude
downwash.

In flat-to-gently rolling terrain, such as that assumed in this
analysis, experience indicates that the model estimates are reliable to
- within a factor of about two. However, the direct extrapolation of the
results to actual plants should not be attempted. Such extrapolation
could Tead to seriously erroneous estimates, since plants vary considerably
in their characteristics and in their 1otation with respect to larae and
small sca1e.meteorb1ogica1 features. Actual plants should be modeled on
a case-by-case basis. Nevertheless, this dispersion analysis of the 1ime
industry gives a relative feeling for the effect that the different systems
of emission reduction will have on édrrqua1ity so that they can be compared

with each other and with the emission levels specified by State regulations.
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The National Ambient Air Quality Standards (NAAQS) establish the maximum
concentration of a pollutant that is to be found in the ambient air. The
Primary and Secondary AAQS are for health and welfare effects, respectively.
Since theregare varying amounts of background pollution across the United
States, a 1ime plant in a "clean" area can emit more than one located in
"dirty" area without exceeding the AAQS. Another yardstick, the Significant
Deterioration Increment (SDI), has therefore received consideration. The SDI
specify the maximum additional pollutant concentration a single source can
add to the ambient air. The SDI are especially critical for Time plants
since they are normally located in rural areas where there is little background
pollution.

A summary of the results of the model kiln dispersion analysis is
shown in Table 6-6. In this table air quality impact is shown as the maximum
pollutant concentration in micrograms per cubic meter (ug/ms) and the distance
in kilometers from the stack at which this maximum was found. The pollutant
concentrations that result from kilns controlled to meet the five alternative
systems of'emission reduction are compared to pollutant concentrations of the
Primary and Secondary AAQS and the SDI. Results are shown for both dry
(baghouse, ESP) and wet (water scrubbers) collectors. The pollutant concen-
trations resulting from all of the emission control alternatives fall below
the AAQS. When a typical kiln is not designed to preclude downwash, the
SDI for particulate and sulfur dioxide (502) may be threatened. The particulate
concentrations for alternatives A-1 and B-1 and the 502 concentrations for

alternatives B-1 and B-2 are the only ones that are well below the SDI.

S
-
T



suogjeinbad mamumﬂ :

- 52 | ozt N 2r | 6tl ooz 00° L 05°0- 7
%06 2y | 6L %05 tz | ¥°6 | ooL 050 0e°0 2-4
a N
%05 2 | 6L 201 €L ] 2's | ool 0c°0 GL°0 L-9 ©
- ¥8 | 8¢ %05 | ve| = 05°0 0€°0 - 2y m
s 8 | 8¢ %0L et | 2| - 0£°0 L0 L=V
P L04Fuodun_wouy [4u/qr {4y/By mcoﬂm_._._mmg mam_um A4/qL iy /6 N_bm wdd [pa po qi| Poas Bl/6Y waysAs
suorssiuwd %gs _mzomwm.Ew WO 4 SUoLSS|uB paJnbad [0J3u0) [043U0Y
UL 9seaudsq 0S - suol1ssue agenojgJed [a3einolided .
Ul asesJd3q _

TW0I ¥NAINS INIDYId € SNINYNG NIIM 1300 WO¥d SNOISSIK3

"§-9 3(qel



3503 YSEMUMOP OU J40) S4B S1S3yjusaed Ul SUOLIRAJUIDIUO)

*spaepuels A3L1end Jly JusLquy - SOV

-suoLje|nbau djels abeaaae 323w 0} p3L1043UC)

‘wy Z°0 3© 94 SUCLIBUJUIDUCD WNUILXRW [{€ YSBMUMOD J03 €35eD |Semumop Ou 403 S3Juelslq i

7
£/

(s'1) ot|(e*1) ot} (e 1) ot} (e 1) o[ (e7L) oL 60 33 SSpLXQ
ool | (9:0)L v] (9 o)L t| (9 0)L ¥|(9°0)L°¥ (9°0)L°t 0°2 A4 Lenuuy u3bou3 LN
(1°9) o€ (1°9) 0e{(L"9) oe|(L°9) oe|(L™9) OE 6°0 1M
000°0v | (£°2) 8L} (z°2) sL| (L 2) 8t|(L 2) 8l (£°2) 8l 6°0 Aag 4y 8
(91} 8| (9L) £8| (91) £8} (9L) I8 (9L) £8 6°0 1M 3P L XOUOY
000°0L | (9°9) 26} (9°9) 25](9°9) 25| (9°9) 2§ (9°9) 28 6°0 Aag 4y 1 uog.e)
(8°1) v1l(6°0)6°9| (6-0)6°9] (8L) 1| (87L) L 6°0 19M -
5l 09 08 | (6°0)8°S| (+70)6°2} (#°0)6°2| {6°0)8"G| (6°0)8"S 02 Aag Lenuuy
(L1) s8] (£°5) 2v|(2°s) zv| (1) g8 (L) g8 6°0 19M
00l 092 soc | (9°5) 25| (8°2) 92| (8°2) 92| (9°5) 25| (9°5) 2§ 0°2 Aag Ay 42
(st)z1z| (ez)901| (g2)901} (sv)ere| (sv)ele 6°0 19M apixotg &
00Z 00€E L (0z)s0t| (o1) €s| (o1) €s| (oz)sor} (02)soL 6°0 Aaq 4y € NGNS S
{6:0)6°9] (5-0)s°€l (€-0)L"2| (5°0)G"€ (€-0)L°2 6°0 19M
oL 09 51 (°0)6°2 (20)r 1| (1-0)6°0| (2°0)¥"L (L°0)6°0 0°2 Aag Lenuuy
(2'5) zv| (672) 12](£1) €1 (672) tg| (L 1) €l 670 18M
0 oSl 09z {(8°2) 92| (v-1) 1| (870} ) (¥°1) €1 (8°0)LL 0°¢ Aag Ay §2 | @3eLndtiaed
b | 1] f - - - - ¥7 40103110 CHIT juelin| (o
e R [ BN I N A W L
UoL}RA0L 49130 A4epu0dDY AdRMLAd  __ 5aiqpusd) |y L04IU0) UOLSSLWI 293 OL wnwixep
JuedLyLUubLS v/ ~ P3LL043U0Y ULl 40 1oedw] mu:m%mpn

NI JWIT AYVLOW QdL 00§ T300W - LOVdWI ALITYND ¥IV  "9-9 Slqel



6.1.3 MWater Pollution Impact

None of the a]tehﬁative'emission control systems have an adverse impact

on water qua1ify._ Baghouses (fabric filters), electrostatic precipitators,

and gravel bed_fi]ters have no water eff]dent. If water scrubbers are used
'"for_rotary kiln emfssion control, the plant may be required to discharge or
treat a liquid stream. Normally, however, lime plants using water scrubbers
operate closed water systems with total recycle. In this method of operation,
the waste water system and solid waste handling system are integrated into
a single system. The entrained solids are removed from the water in a settlin
pond (or settling tank). After a substantial portion of the solids have
settled out the water is returned to the process for further use or to storage
for additional solids settling and subsequent reuse. The accumulated solids
are femoved periodically, at which time they become a solid waste problem

(see Solid Waste Impact, Section 6.1.4). Overflow from the ponds can be

| "prevented'by preventing excess rain water or ground water from entering the

ponds.

The EPA Effluent Guidelines development document on wastg water effluent
from Time plants concludes that zero waste water effluent should be the
standard for the-industny.]

€.1.4 Solid Waste Impact

When scrubbers, precipitators, fabric filters, or gravel bed filters
are used to control emissions from lime kilns, solid waste will be gerierated.

6.1.4.1 The Amount of_Materigl‘Cp]]ected_-

Table 6-7 shows the amount of solid waste collected for each of the
alternative emission control systems presented in this chapter, For the
purpose of this table it is assumed that a plant conforming to the State

regulations (Alternative C) will collect 340 pounds of dry solids per ton

6-14
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Table 6-7. SOLID WASTE IMPACT ON MODEL ROTARY KILN

Emission Control | Emission Control "So11d Waste | Increase Above

Alternative Device - | Collected (ka/hr) | State Reg
A-1 ESP, Baghouse 3220 : >1%
B-1 Scrubber 4000 : 25%
A-2 ESP, Baghouse 3210 | >1%
B-2 Scrubber 3980 - 25%
/1 ESP, Baghouse 3200 -
Gravel Bed Filter

LlState Regulations.
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of 1ime. The tab1e shows that a dry collector used for Alternative A-1
increases the amount of so1id waste collected by very little, less than

1 percent. If ajscrubber is used for Alternative B-1, then the amount of
solids produced will be greater because the water in the scrubber will react
with the Ca0 and other compounds to form hydroxides and hydrates. - The pond
sludge which the scrubber produces also contains some water which is difficult
to remove and also increases the weight of the waste. No information is available
on the wet weight of the sludge produced by a scrubber, but if some assumptions
are made in regard to the composition of the dust it can be calculated that

the weight of sludge produced is about 25 percent more than the weight of

the equivalent dust. There wi11 be no appreciable increase in solid waste

when dry collectors are used for Alternative A-2 but there will again be an
increase of about 25 percent WHen scrubbers are used for A1tefnative B-2,

6.1.4.2 The Uses of the Materia] Collected -

At the present time some Time producers that recover dry particulate
from the control devices are able to find uses for this material. At least
one plant briquettes the dust and feeds it back into the kiln to be converted

to product 2

Most Time producers cannot do this because the dust contains
much more sulfur than the Time product and recycling the dust may increase
the sulfur content so that the 1ime will not meet product specifications.

Some Tlime producers use the Time dust as a raw material in cement kilns, 3
This method of disposal can only be used if the 1ime plant and cement plant
are close together. The dust has little value as cement kiln feed and it is
not profitable to transport the material yery far, Some manufacturers sell
the dust for agricultural liming4 but this market is seasonal and during most
of the year the dust must be disposed of ih other ways. At least one manu-

facturer wets and granulates the dust and uses it for metallurgical purposes5

6-16
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but the demand for material for this use is limited. Another manufacturer
plans to wet and granulate the material (from a kiln calcining a dolomitic .
stone) and use it as a magnesium source in blended ferti1izer.6 At least one
manufacturer uses the dust to neutralize acid watek discharged from a steel
mi11.’

No reliable data are available on what part of the dry material collected
by the 1ime industry is put to use. Many of the plants which collect dry
material dispose of the dust by dumping it back into a mined 6ut quarry ar
some other convenient location.

When scrubbers are used for emission control the solid waste produced
is in the form of a wet sludge dredged from the settling ponds. One of the
plants visited in the preparation of this work used this material for soil
stabﬂization.8 Other plants dispose of the sludge in landfills or in mined
out quarries. The material is not used for most of the purposes for which
the dry waste is used because it is difficult to handle when wet, expensive
to dry; often contaminated with the pond bottom and not available on a day
by day basis. (Ponds are dredged only periodically, the dust product of

dry collectors is available every day.)

' 6.1.4.3 Impact of the Alternative Emission Control Systems -

The impact of the four alternatives on the required amount of solid waste
disposal depends on how many plants would elect to use scrubbers. With either
Alternative B-1 or B-2 all plants burning coal with a sulfur content over one
percent would probably use scrubbers. The amount of materiai collected would
increase significantly and there may be less use for the material collected.

The problem of disposing of this sludge to some extent i{s similar to the
problem of disposing of the sludge from 1ime slurry scrubbing systems for

coal-fired steam generators except that less sludge is generated from 1lime
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kiln scrubbers. The technology available for scrubber sludge disposal have

been studied thorough]yg’]o

and the EPA has concluded that the.sludge can be
disposed of in an environmentally acceptable manner by hardening the sludge
and using it for 1andfi11.]1

With either Alternative A-1 or A~2 no scrubbing would be reQuired,‘a
maximum of 1.0 percent additional solids would be collected, and there
would not be a significant impact on the amount of solid waste disposal

required,

6.1.5 Energy Impact

A11 of the control devices used in the four alternative emission control
systems use electrical energy and with three of the alternatives there will
be an increase in the electrical energy required compared to that required by
State regulation. In this section there is a comparison of the energy increase
required by all affected U.S. 1ime plants in 1987 and the energy increase
required by a model Tlime plant for the four control systems.

6.1.5.1 Impact on 1987 U.S. Energy Use -

The impact calculations have been made for the year 1987 using the
Chapter 7 estimates of production subject to control. The energy values
required for each of the control devi¢es are deve]oped in Chapter 7 and
summarized in Table 6-3. | |

Table 6-8 compares the energy requirements of the five alternative
emission control systems in 1987. The values are millions of kf]owatt hours
(kw hr) for that year and for that part of the industry that would be subject
to any new emission limit. Alternative A-1 shows a s1ight beneficial impact
(decrease in energy use) because with this system pfoducers will tend to use
baghouses or ESP's rather than using scrubbers which require more energy,

Producers w111 use Tow pressure scrubbers to meet State regulation (Alternative C)
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'bebauSé they have low capital costs that'negate the cost of increased energy

" consumption. Alternatives B-1 and B-2 require more electrical energy than

AN

‘A-1 and A-2 because scrubbers are required if sulfur removal is necessary

and the scrubbers require more energy than baghouses or ESP's.

Table 6-8. ELECTRICAL ENERGY IMPACT

1982 1987 '
Alternative Emission Ippact Impact
™ Control System _ Tﬁ2 kwhr TOQ‘EWEF
. 2
A-1 t Baghouse or ESP +8'[-g +17L“
- An2 - Baghouse, ESP or -1 -25
15 IWC scrubber
B-1 22 TMC scrubber -75 -164
. ' - baghouse or ESP '
B=2 : ' 15 IMC scrubber -59 -129

baghouse or ESP

/3 9 INC scrubber - i

baghouse or ESP

LlThe‘percent controlled by each device given in Section 6.1.1 and the energy

required by each device given in Table 6-3.

LgPositive impact shows that system uses less energy than plants controlled
to State regulations.

/3

£=State regulations.

6.1.5.2 Impact on Mode] Plant - | _ _
Table 6-9 shows how the energy requirement of a model plant (1000 tons

per day stone feed) would increase with each of the alternative emission

~control systems. The electrical energy, including that used for the plant

and the control device, would increase very little for Alternatives A-1 and

A-2, but would be more for Alternatives B~1 and B-2 which require sc¢rubbers




L . "jueld |apow 404 (BuLl)
:og\:um_wo— xm.omwzﬁ_xsomvongcmsszm.L:zxgmn apmouu:umooc.oﬁmomucmpnmcwumgmcwmnguumpm

404 ,4033e4 [8ny, |@21dAY Bulsn s,n3g u} ABusud |ROD 03 ,3yIBQq, PIIUIAUOD SL say My ul ABuaus |ed1u31d9)3 37
"€-9'91qel Ul uaAalb swe3sAs Snoldea SO ISN [BD1U3D3]3 8ILA3P [0JIUOD pue que|d J0J 3sn [BOLA3D3[d SIPN{oU] 7
- oche | - 00z‘8 - ds3 ABusua Mo )
%€ 025°¢ 744 008°92 43qQnaas JMI §1 29 -
%e : 005°¢ %9eL 00L %2 S9L48S Ul 43qqnuos
JMI & pue dS3
W o 095°¢ %LLL 002" L€ 43qqnu9s INT 22 -8
- ogr’e - 002°8L ~ dS3 ABusua mo7 2=
= oey e %0°L 0081 . asnoybeg L-¥
*sbad Iyels ng o0l - *sbad a3e3s Ay My [043U0D SO poylay wayshs
woJdj 3ISeIJdUL Z7fep ks : woJ 4 flwxuv Jad [043U0D uoLSSLWS
AB4BUS |BOLU09B zm;m:m Leo1l4309]2 ABudud |e51u309]3 um;w baua ABusus IALIRUUDY LY

pue [anj [e30]  pue [3n} [B3o) aseadou 182443993

NTIX AYVLO0¥ T300W ¥04 3ISN ADYINI TYLIOL ANY TWII¥IIITA  °6-9 91qeL

6-20



if sulfur removal is necessary. The table also shows how the.tptal energy
required by the plant would increase. for each of the alternatiyes., In this
comparison the electrical energy in kilowatt hours is converted to an
equivalent Btu value using a conversion efficiency typical of existing coal
fired power plants. Fuel required for the model kiln is 6.5 x 105 Btu per
ton of lime produced, The alternative with the maximum energy use (B-1)
requires only a 4 percent increase in total energy consumption when high
energy scrubbing is used for control. If a combination of low energy ESP
and 9 IWC scrubber is used for control there would be only a 2 percent
increase in total energy consumption. |

The increased electrical energy required for the control systems would
probably be generated in coal burning power plants which themselves emit
particulate, S0, and-NOx. The amount of emissions génerated by a power plant
producing the electricity required to operate a control device can be calculated.
These power generation emissions can then be compared with the reduction in
emissions caused by the control device. For the 500 tons a day lime kiln,
the highest energy Alternative, B-1, with a 22 IWC scrubber, requires 13,000
more kilowatt hours per day than State regulations (Alternative C). If the
power plant generating this electricity is operating in conformance to New
Source Performance Standards then the power plant can emit no more than 2.1
pounds of total emissions (particulate, S0,, NOX) per million Btu heat input.12
If the power plant uses 10,000 Btu to produce one kilowatt hour then it may
emit 2.0 pounds total emissions per 1000 kilowatt hours of electricity, The
increase in electrical energy of 13,000 kilowatt hours per day is therefore
equivalent to an increase of 10.8 pounds of emissions per hour from the power
plant. For the model plant, Alternative B-1 reduces 502 emissions by 42 pounds

an hour and particulate emissions by 21 pounds an hour for a total reduction
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of 63 pounds an hour. (From Table 6.5) The increase in emissions from the
generation of the additional electrical energy required for control is small
compared to the kiln emission reduction which results from the control,

6.1.6 OQther EnvironmentQJ‘Cpneerne

6.1.6.1 Irreversible and Irretrievable Comnitment of Resources

The first four alternative sysiems of emission:keduction will require
equipment of higher efficiency than that required by alternative C (State
regulations). The additional steel and other materiaﬁs and the amouﬁt of
additional space needed for the higher efficiency-devieeslis expected'to be
minor. The steel can eventually be salvaged and recycfed.

The emission contfo] devices used in the four a1ternetfve systems of
emission reduction w111 require increased usage of eieetrica1 energy>which is
a limited resource. This energy is irretrievable but 1ts use will resu]t in
a s1gn1f1cant reduct1on in the amount of particulate matter emitted from a
lime plant. Compared to the tota] p1ant enargy use, amount of e1ectr1ca1 energy
used to operate these control devices is neg|1q1b1e

6.1.6.2 Environmental Impact of Delayed Standards -

Delaying the proposal of one of the four alterdetive‘systems of'emission
reduction will resu]t in increasing the em1ss1ons of particulate matter from
lime plants. Based on the growth proaect1ons presented 1n Chapter 7, ‘the
adverse environmental impact of delayed implementation of the emission 11m1t
is shown in Table 6-10. The other env1ronmenta1_1mpects of the alternative
systems of emission reduction are small so that de]aying the‘prpposai will
not resu]t in an eppreciable reduction in any negatiye impacts. Fdfthermore,
there does not appear to be any emerging emission control technology that could

achieve greater emission reductions or result in lower costs than that represented
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by the emission control alternatiyes under consideration here. Therefore, since
delaying the proposal to allow further technical developments appears to
present no potential benefit, and since it would increase the emissions of

particulate matter, delaying the proposal does not appear to be warranted.

6.1.6.3 Environmental Impact ‘of No Standard

| Based on the growth projections presented in Chapter 7, the adverse
environmental impact of no standard is summarized in Table 6-10. Since
there are Tittle adverse water pollution and solid waste impacts, and only
moderate energy consumption impacts associated with each of the alternative
emission control systems which could serve as a basis for the standards, not
setting standards presents little trade off of potentially adverse impacts

in these areas against the resulting adverse impact on air quality.

6.2 IMPACTS OF CONTROL TECHNOLOGY FOR LIME HYDRATORS
In Chabter 4 there‘is_a discussion of the use of water scrubbers to

control the particulate emissions from 1ime hydrators. (There are no SOé.
emissions from hydrators.) A]thodgh the off-gas stream from a hydrator can
be controlled by a baghouse, the watér scrubber-has several advantages which
make it more suited for this application. The water slurry from the scrubber
can be used as part of the make-up water required for the'hydration. No
~settling ponds are required and there is no solid waste impact or water impact.
The water scrubber is not effected by the condensation which 1is apt to occur
in the high moisture hydrator off-gas, '

_ -:ThEre are two alternative levels of emission contro], both of which
utiiizg a water scrubber, presented for the cqntro] of ITme_hydrator off-gas.
‘The scrubbers described in Chapter 4 which can be used for this application

reduce particulate to 0,15 pounds per ton lime feed (Alternative I). For the
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14 tons per hour (1ime feed) model hydrator the average State regulation
will allow 1.0 pound of particulate emissions per ton of.1ime feed |
(Alternative 11).13

- 6,2.,1 Impact on 1987 U. S. Emissions

In Chapter 7, Economic Impact, it is projected that there will be
635,000 mégagrams (775,000 tons) of hydrate production subject to thé
emission Timit in 1987. The reduction in particulate emissions from
this affected production is shown in Table 6-11. The table shows that
there will be a particulate emission reduction of 251 hegagrams (276 tons)
for the year 1987. _ |

Table 6-11., 1987 REDUCTION OF_PARTICULATE_EMISSIONS
FOR LIME HYDRATORS IN UNITED STATES

~ Alternative Emission 1imit _ Particulate
emission control kg/ 1b/ton “impact
system lime feed Tlime feed tons
I, 0.075 0.15 2761t
1142 0.50 1.00 .

val Assumes 1 pound lime yields 1.25 pound hydrate

2 state regulations. - B

6.2.2 Impact pgﬂModel Plant

The effect of each of the alternative emission control systems on the
emissions from the model hydrator (14 tons of lime feed per hour, 17 tons
per hour of product) are shown in Table 6-12, Alternatiye I reduces particulate

emissions by 85 percent over Alternative IL (State regulations).
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TabTe 6-12, PARTICULATE EMISSION FROM A MODEL LIME HYDRATOR

Alternative  Allowed . Decremse
emission control - __emissfon " from State
- system kg/br —TB/A¥™ ' regs,

I 0.96 2.1 85%
il 6.4 14 ;

/1

— State regulations.

1.2.3 Impact on Air Quality

The dispersion model described in Section 6.1.2.3 was also used to

2termine the air quality impact of a typical lime hydrator. The results

F these calculations are shown in Table 6-13. Although none of the

ncentrations approach the ambient air quality standards, the significant
>terioration increment may be exceeded for emission control alternative II

\verage state regulations) if downwash is allowed to occur.
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Table 6-14. ENVIRONMENTAL IMPACT OF DELAYE910R NO STANDARDS
FOR LIME HYDRATORSL. - o

Lime Hydrator Production.

Vear Aff?gggg.aglgﬁ?zgérds Parti?agi;ﬁ)lmpact
Yearly Cumulative

1978 55 55 18

1979 56 m. 56

1980 | 56 67 | 13

1981 57 : 224 189

1982 59 283 285

1987 63 590 1076

[lThe increase in particulate emissions caused by delaying the standards.
/2Based on Table 7-6.
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6.2,4 . Other Environmental Impacts

As previously stated there are no solid or liquid waste impacts of
Alternative I or II. There is mihima] additional electrical energy used in
Alternative I compared to Alternative II. No scarce resources will be
consumed. Tahle 6-14 shows the increase in particulate emissions that will
occur as a result of delaying the proposal of Alternative I. Since there
are no benefits to be derived from delaying the standards and since the
emissions of péq;icu]ate matter will be greater if the standards are delayed,

postponing this standard does not appear to be justified.
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7. ECONOMIC IMPACT

7.1 Industry Economic Profile

7.1.1 Introduction

This section provides background information on the character of the
firms engaged in the production of 1ime products, industry organization,
plant size ahd location, markets, production economics, capacity data, and
prices. This information will provide the basis for the underlying assump-
tions and data inputs for the economic analysis in Section 7.4.

7.1.2 Firm Characteristics

The commercial 1ime industry comprises a large variety of firms. Some
are large multi-plant firms whose major business is lime production. Others
are small, independent commercial producers. Both types of firms consti-
tute Standard Industrial Classification (SIC) 3274. According to the 1972
Census of Manufacturers, there were 68 companies with 103 plants under
SIC 3274.(]) A large sector of the lime industry includes so-called
"captive" plants which are a part of vertically integrated_operations.(z)
Many of the latter are firms whose primary lines of business are beet
sugar processing, alkali production, and metals manufacturing (steel, copper,
magnesium). As a consequence, information about the operating characteris-
tics of the captive 1ime industry is either closely held or else combined
with the operating data of other company divisions in publicly available
fihancia] reports.

7.1.3 Plant Characteristics

As mentioned before, some 103 plants produced 1ime as a primary

product in 1972. The total 1ime industry comprised some 186 plants in 1972. (3)
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According to Bureau of:Mines, some 170 p]ants were operating_in‘1975.(4)
Table 7-1 sunmarizes the location and characteristics of 177 plants
that were actiVe in the first quarter of 1974, (5)2. | . :

The tota] capacity of all lime plants (based on the assumpt1on that
11me plants operate an average of 330 days per year), as shown in. Tab1e
7-1, is 65,859 tons per day or about 22 miliion tons per year. of

this total, commercial plants account for about 78 percent and captive

plants for 22 percent. On the other hand, the number of plants (95

commercial, 82 captive) is about evenly divided between the .conmercia'l_-'

and captive sectors. The capacity avai]able to produce dead-burned

do]omite (about 8 percent of the industry total) is not distinguished

_accord1ng to the market status of the produc1ng firms.

It is notab1e that the share of capacity represented by rotary

kj1ns differs substantially between the commercial and the captjve
sectors of the Time industry. Within the commercial sector about 85
- percent of total capacity consists of rotary hi1ns while in the captive

_sector the corresponding statistic is roughly 54 percent. This_disQ

parity is largely accounted for by the fact that many of the captive

lime plants are owned by beet sugar companies which general]y_emp]oy

~ vertical kilns in beet sugar processing.

7.1.4 Industry Organization

‘:_The domestic lime industry is_genera11y divided into two marketing

: sectorS' commercial and captive producers. The former group of f1rms

produces 11me products primarily for resale to other firms or’ 1nd1v1dua1
users._ (About 85 percent of the tonnage in this sector of the industry
is represented by the National Lime Association.) :Captive p1ants,,onv
the other hand, produce lime largely for their own use on the plant.

site, although some sell part of their output in the open, or commercial,

- 72




a3n3}asu] 9bueial Yoaeassy :IIUN0S WINQ

‘UMOWYUR S} SULPY {BO}IMBA PUR £4e304 UIIMIBQ A3|ORdED JO UOLINALIISIP ByLs
. *21q}6) 1660 - “BoN

8IL's 85 gL 602°9 62c*L 28 estier 2UE's 182* L€ 56 "SR 1830L
0 14 Si » L 0 .0 . _ 0 0 susuRy -0
28l 0511 950° L 6 oL oS J02 00t £ LI LT EL - B 11
. : uoj bupysey
0 021 09 09 € Fi:73 €S 252 ] uobadp 8L
- : : ) FLOMEH
03} x3) MIN
0 S8l 981 0 S 0 ) 0 L o oyup] £l
' A 2ve B 281 - 166"t - 8L 08l : i pRA3N 9L
0 2zl ose L v sob'L 0 Sov*1 ) : wozy  §1
. i Bupwoly
_ _ _ VORG YN -
R 9gE* i : 265 99 tl 96 R 95 L eYseiqay ol
| . QuRIuUOY
: 030S3UULY .
0 506 506 0 ‘tL 0 S : o 0 opeao|o] - £l
o 9eL LT 199 -9 6z ::74 i’z 8 swna) el
o : QUOYTLN0
0 oveE‘2 8571 98f - v X1 | T4 : - gge"t b WRESIN0T it
. SPSURYSY
@ 0 0 0 ] £25'9 9eg . - 186°5 ¥ panossig - O
0 st & 0 ¢ 968 02 oS 2 nosy wnos %
. : 1) S ~
0 S P » L 518 ’ v62 128 § ULSUOISIM g
_ ’ uebyoil
28l 29§ 9L 26% g - 026°S 666 : 126y 6 iRLpuL L
. . SpouLi|l :
- BlE'Y £l A1 190°1L 9 610°6 . vl02 S00°2 L o0 -8
29SSAUUD)
. 091y 0343n4
0. oLl . 8L 885 2 6L6°1 00 RI2°1 g - Hddsspssiy §
: . Lyonjuay
: _ g _ . ‘ 9paoLd
¢ - . 0 0 . 0 0 gLE't 0 ElE't 9 weqely - ¥
_ ) : _ LTTATY
o . -0 .ol - 1] L v26*€ 365°2 2Ee'l 6  Rpugbapp IseM €
. o _ _ _ . puellumy
v2- I |1 ¢ 4 199 oL’z £ 626t  t8b - S69°Y ¢ Rjuealfsuuag - 2
‘ - ’ _ ) 340} MBY .
Aasaap M)
.. . . . . T SIBSNHIESSHyY
0 002.. . 002 0 € #6€ 9ie :14 £ . INI1FI3UU0Y 1
) GeI04) {G41) - Adeqoauoy - A4e30y uojbad  {adl) AAEI0JUCN Ade30Y uogbad - : o T o
313ede) {e30] -adfy uiyy Aq (Aep/sucy) Aypoedey uy sjuetd |ejo} odfy ui1y £q {Kep Jod suoy) K3joeduy uy sjuetd - . - :
91 1woLop _ 30 Jaquny 40 JoquaN uopbau u) s3je3s  uoybay
uwanq-peaq : . -
- sueid aapydey __saue|d {eioudum0)
{b£61) HOIS3Y AB ‘SINYTd FWIT 4O SIIASTHILIVYWHD UV HIGHNN T olee 1w



market. The share of output accounted for by these producers effectively
measures the degree of forward vertical integration. This share has
remained relatively stable, between 34 and 40 percent of industry output
during the past 10 years, '

Many of these captive producers have Time kilns on the plant site.
These kilns are often essential because lime calcination is one of the
few practical means of generating a large volume of carbon dioxide gas--

a co-product, with 1ime, of the calcination process. Both alkali
production and beet sugar processing are characteristic of processes
which require a large volume of C02. These two industries alone account
for about 59 of the 177 domestic lime p]ants.(ﬁ)

Other major Time consuming industries which maintain Time production
facilities inctude copper, steel, and calcium carbide manufacturers.

The mafket share frends accounted for by captive producers in each sub-
market are discussed more completely below. _

The degree of backward vertical integration is more difficult to
quantify. However, a significant proportion of lime plants do have
associated primary and secondary limestone crushing facilities. In addition,
several lime producing firms have stone quarrying operations. Thus, it
appears that most lime plants are part of a fully integrated 1limestone
processing operation.

Among companies which produce lime products--those with 3274 Standard
Industrial Classification (SIC) codes--most derive a large portion of their
sales from mineral product-related activities. The most important among
these are crushed and broken Timestone (SIC 1422); hydraulic cement

(SIC 3241); quarrying of broken and crushed stone (SIC 1422); quarrying
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- construction sand and grave]I(SIC 1442); crushing and grinding of stone,
etc.. (SIC 3295); clay, ceramic, and refractory minerals (SIC 1459); ready
- mixed concrete manufacture (SIC 3273); and mining crushed and broken stone
(sic 1429).(7)

Table 7-2 provides historical data on the degree of concentration

(8)

in the lime industry. The concentration ratios presented there measure
. the percentage of total industry sales accounted for by the 4, 8, 20,

and 50 largest companies in the industry. These concentration ratios.

are rather low by comparison to many industries. Also, it appears that

. concentration in the industry peaked during the period from 1954 to 1938

and has generally fallen since then.

- 7.1.5 Production Economics

Each year since 1929 the Bureau of Mines has canvassed the lime
industry to determine the number of plants and the ouput of plants by
size category. Consequently, the shares of industry output accounted

(9)

for: by each size class were analyzed directly. The analysis was
conducted for. each of five size classes: plants producing less than
10,000 tons per year; 10,000 - 25,000 tons per year; 25,000 - 50,000
tons per year; 50,000 - 100,000 tons per year; and more than 100,000
tons-annua11y. The output shares accounted for by the first three sfzes
classes have declined markedly during the period 1930 - 1972, The fourth
size class (50 - 100,000 tons per year) has accounted for an erratic
.-share of output over time while the largest size class (greater than
;:100,000'tons per year) has c1eariy been growing steadily over time. A
conclusion from the analysis is that the trend is toward new plants
greater than 300 tons per day. Plant size has been increasing steadily

and should continue to do so.
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Table 7-Z. HISTORICAL COMCENTRATION RATIOS IN THE COMMERCIAL LIME INDUSTRY

(SIC 3274) -
Value of shipments ~ Primary
‘Number of accounted for by product Coverage
Year companies 4 8 20 50 specialization ratio,
- largest companies, percent ratio, percentb
percent?
1972 68 37 53 79 99+ 89 92
1967 78 35 54 79 99 87 93
1966 NA 31 47 NA NA NA o NA
1963 81 37 56 82 99 82 94
1958 94 38 57 80 98 84 ' 95
1954 113 35 53 80 NA 84 97

1947 132 30 47 69 NA 83 97

NA: Not Available
Notes:

a. Specialization Ratio: Value of primary product shipments as a
percent of total value of shipments.

b. Coverage Ratjo: Value of lime product shipments proauced in the
Time industry as a percent of aggregate national lime product shipments.

Source: 1972 Census of Manufactures, Concentration Ratios in Manufacturing,
Part 1, Special Report.
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Table 7-3 shows @ breakdown for major components of lime production
costs in the commercial 1lime industry. The actual data from the Census of
Manufacturers for 1972 was adjustéd to project estimates for 1975. Whole-
sale price indices (10) were used to make the necessary adjustments in the
1972 expenditures for salaries and wages, materials, and energy. Bureau
of Mines production and price data (See Section 7.1.6) were used to estimate
value of shipments for 1975, The 1975 entry for depreciation, interests, etc.
(capital related and other fixed costs) was determined by deduction of all
other costs (percentages) from the 1975 value of shipments (100 percent).
The most significant aspect of the data presented in Table 7-3 is the
increase in the energy component--from 16.8 percent in 1972 to 28.4 percent
in 1975. This observation suggest that energy utilization will be one of
the most important forces that will inf]gfnce future production and invest-
ment trends in both the commercial and captive lime industry.

Table 7-4 reports aggregate plant and equipment expenditures in the
commercial 1ime industry between 1958 and 1973.(1]’]2) The substantial
increase in investment during 1972 was likely required to install air
pollution control devices and to install larger, more efficient kilns to
replace ones whose obsolescence was accelerated by the enforcement of air

pollution control regulations in the State Implementation Plans.

7.1,6 Lime Products Markets _

| The four tréditional]y identified major uses of all types of lime
products (quicklime and hydrated 1ime) are in agricultural, construction,
chemical and metallurgical, and refractory applications. However, as
shown in Figure 7-1 agricultural applications of 1ime can no longer be
considered significant.(13) In 1971 chemical and metallurgical uses

counted for 79 percent of all lime consumption; construction uses, for

»
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Table 7-4. PLANT AND EQUIPMENT EXPENDITURES IN THE COMMERCIAL LIME
INDUSTRY , MILLION CURRENT DOLLARS (SIC 3274)

New structures Used

Year - Total new and plant New machinery plant and
expenditures additions and equipment equipment

1958 $ 6.4 $ 2.06 $ 4.30 $ 0.39
1959 12.7
1960 12.1
1961 7.0
1962 12.0
1963 14.7 2.1 12.62 0.35
1964 21.4
1965 15.7
1966 22.1
1967 17.7 2.00 15.6 0.20
1968 18.5
1969 20.4
1970 18.2
1971 12.8
1972 42.0 4.5 37.6 0.5
1973. 23.0

Source: U.S. Department of Commerce.
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12 percent; refractory app]ication, for 8 percent;'and agricu]tural uses,
for only one percent, Table 7-5 arrays oyerall consumption and production
of 1ime from 1960 to 1975 in addition to representative prices for open
market lime. | |

The chemical industry is one of the largest single consumers of 1ime.
Lime serves as an important intermediate in the alkali and glass manu-
facturing industries. Lime also is important in production of acetylene
gas, pulp and paper manufacturing, sugar beet processing, and water and
waste -treatment.

Alkali manufacturers require a large volume of carbon dioxide gas as
a basié input to the production of soda ash and bicarbonate of soda.

Since C02 gas is a low cost by-product of calcination, 1ime is an obvious
choice as one of the industry's main raw materials. Among the four

* chemical applications of lime, alkali production uses are by far the
]érgeSt. Dur1ng the 1960s between 97 and 99 percent of all Time used in
a1ka1i'product1on was produced by captive lime plants. Overall these
applicétibns accohnt for about 50 percent of all captive lime production
and.about 15 percent of total lime proddction; Nonetheless, 1lime consump-
tion in this sector remained virtually constant throughout the 1960s and
offers little future market potential for commercial producers. The reason
for this is that trona deposits are replacing the Solvay process as the source
of soda ash.

Calcium carbide is an important source of acetylene gas. In producing
this product, qdicklime is mixed with coke and heated in electric furnaces
from which the molten carbide is removed. Total output for this use during
1971 was about 537 thousand tons or about 5.6 percent of all lime produced

a1though 43 percent of that was produced by captive plants. The demand

-




Table 7-5 HISTORICAL LIME PRODUCTION, CONSUMPTION
- AND REPRESENTATIVE PRICES (1000 tons)

Price
Year Consumption Production ($/ton)
1960 12,906 12,935 13.35
1961 15,200 y 15,193 ‘13.39
1962 13,812 13,754 13.58
1963 14,609 14,525 13.73
1964 16,200 16,107 13.87
1965 17,057 16,821 - 13.87
1966 18,223 18,087 13.27
1967 18,080 18,009 13.42
1968 18,680 18,676 13,39
1969 20,383 20,250 13.94
1970 19,936 19,788 14.53
1971 19,811 19,635 15.78
1972 20,542 20,332 16,78
1973 21,429 21,132 17.42
1974 22,029 21,645 22,02
1975 19,433 19,187 27.45

-

Source: Bureau of Mines




for lime by calcium carbide producers fell at an annual rate of 1.1

percent during the 1960s, reflecting a decline in the demand for acetylene.

In the manufacture of glass, either lime or limestone can be used
as fluxing materials. The lime input is used to make glass less brittle
and stronger, to reduce its solubleness in contact with chemical solutions,
and to provide a more durable lustre in glass. During the 1960s the use
of lime in glass manufacture grew rapidly at an average annual rate of
9.8 percent and accounted for about 1.8 percent total lime production
during 1971, |

Lime is an important water treatment chemical. In many muncipal-
ities it is used as a complement to chlorine treatment to condition water
for potable or industrial process uses. One of the major uses is in water
softening. In that application lime is used either by itself or with a
soda ash reagent, depending upon the degree of hardness of the water.
Another application of lime in water treatment is its introduction to
retention tanks to purify the water against bacteria. Other uses include
its application as a coagulant to remove suspended solids from turbid or
reused waste water; as a neutralizer in acidic water; and for silica ad-
sorption and the removal of other waters impurities. In 1970 water
treatment uses accounted for approximately 6.2 percent of all lime con-
sumption of which virtually all was purchased from commercial 1ime
plants. Though the annual rate of growth in the demand for lime in water
treatment has been erratic, averaging about 2 percent during the 1960s ,
this market sector is the third largest commercial market for 1ime and has
grown'substantia11y from a consumption level of 710 thousand tons in 1960.
The increasing, environmentally related emphasis on water treatment

facilities promises a strong demand for lime in this market sector during

the next several years.
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A related use of lime occurs in small sewage treatment plants which
use Time in chemical water treatment Processes to coagulate suspended
solids. L1me is also used to condition sludge for more efficient disposal.
In addition, 1ime is used for neutralizing acid drainage from coal mines ;
for treating acidic wastes from metal plating and fabrication and chemical
plants; and for coagulation in treating food canning wastes, etc. Although
total lime consumption in sewage and trade industrial waste treatment
was only about 2 percent of total lime demand in 1971, the annual rate
of growth in these applications has been substantial, about 18 percent for
the period 1962-71,

Another area which may be a promising potential market is the use of
lime for desu]furizatioh of fluegases in power generation as a result
. of combustion of fossil fuels. Environmental regulations limiting sulfur
emissions that have been promulgated as a result of the 1970 Clean Air
Act will have to be implemented by flue gas desulfurization because Tow
sulfur fuels may not just be economically available.

Lime demand in the pulp and paper industry is mainly associated
with the Sulfate (Kraft) Process wherein 1ime is used to causticize the
"green liquor." Total lime consumption by these manufacturers in 1970
was 918,000 tons, most of which was purchased from commercia]_producers.
However, these purchases are not a good indicator of actual 1ime con-
sumption since more than 90 percent of thelime entering the process is
regenerated. The remaining ten percent that is purchased as "make- -up"
lime represents the demand level that appears in statistical summaries of
Time consumpt1on by this industry. During the 1960s the average annua1 rate
of growth in demand for Time by pulp and Paper manufacturers was about 6.7 per-

cent.
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The economies of sugar beet processing operations are similar to
those assdciated with alkali plants in that both require large quantities
of 1ime and carbon dioxide gas. This essentially requires captive lime
 kilns on the plant site, despite the fact that these kilns are often
operated only a small number of days per year. Basically, lime is used
to remove impurities--phosphatic materials and organic acids~~from the
crude sugar juices. This entire process, known as defecation and clarifi-
cation, is often repeated to improve the purity of the sugar solution.
Total 1ime production by sugar beet processors grew at about 3.8 percent
annually during the 1960s and represented approximately 4 percent of total
domestic lime production ia 1971. Nonetheless these captive plants repre-
sent about 30 percent of the total number of 1ime plants. This is due to
the fact that sugar beet processors operate on a seasonable basis and
their capacity requirements are small. For this reason, sugar beet pro-
cessors have used vertical kilns, which require lower investment and
lower fuel requirements than rotary kilns on a tonnage basis. This trend
should continue, in the future.

Metallurgical uses of lime, especially as a steel flux, constitute
one of the largest and fastest growing market secturs for commercial lime
producers. The major uses of 1lime in metal production are in the manu-
facture of steel, copper, aluminum, and magnesium.

Lime is used as a flux to purify steel during the heating process.(14)
Lime is relatively fast reacting, and facilitates the fusion of the slag
and the removal of phosphorus, silica, silicates, etc. in the slag that is
tapped off from the molten metal. The widespread acceptance of the basic
oxygen furnace (BOF) in the steel industry was, and continues to be, a

great boon to the lime industry. As opposed to open hearth furnaces which




can economically employ sTower reacting limestone as a flux, BOFs which

 reduce steel heating periods to an hour or Tess (compared to as many as

8 to 10 hours for open hearths} require the fast reacting character~
istics of quicklime. Because the BOF has ygained such popularity, it is
"not surpr1s1ng that the annual growth rate in Time consumption as a
steel flux exceeded 20 percent during the 1960s, accounting for more
than 5 million tons of Time usage by 1971. This total currently represents
more than 26 percent of all lime production. Unfortunately for commercial
producers, however, there has been a correspondingly rising proportion
of fluxing 1ime forthcoming from captive producers. For example, in
1962 that share was about 4 percent but by 1971 it had risen to 19
percent, |

- Among nonferrous metallurgical applications the use of Time in
copper production is the most significant. Generally, in all nonferrous
applications, lime is widely used in the flotation (or beneficiation) of
the basic ores. Specifically 1h copper flotation, Time helps to maintain

the proper degree of alkalinity. Growth in the rate of Time consumption

-+ in:cooper production was erratic during the 1960s, averaging about 3

percent.ahnua11y. In 1971 Time consumption in this uUse was about 2.5
" percent of domestic lime production of which about 55 percent was produced
by captive plants. The major share of this captive production principally
derives from large western copper companies with1ime kilns at the
~beneficiation mills.

) -In nearly all commercial magnesium producing processes lime is
required as a basic chemical input. The manufacture of aluminum by the
- Bayer process is also accompanied in a few plants by the use of 1ime as

a caustisiiing agent. As a share of total lime consumption neither of



these uses, however, constitutes a significant share of 1ime conSumptidn.'
Together they account for something on the order of one percent. of
total demand.

In construction applications, 1ime is used in masonry mortar, plaster
and stucco, and road construction. Each of these areas will be discussed
as follows.

Masonry mortar often contains lime in-some varying proportion with
cement and sand. The proportions chosen depend in part upon the relative
prices and supplies of the alternative inputs. They-also depend on the
desired degree of porosity and the texture of the brick in addition to
the desired degree of plasticity in the mortar. Masonry lime demand
declined by about 1.6 percent during the 1960s.

Finishing Time is a term generally. applied to describe all lime
used in exterior plaster, known as stucco, and in interior plaster. As
js the case with masonry mortars, lime can be feasibly eliminated al-
together from finishing 1ime mixtures. This factor, coupled with the
increasing popularity of gypsum board or dry wall construction:in in-
terior applications, has caused a very competitive market situation for
1ime in finishing and masonry applications. The use of lime for finiéh-
ing applications declined at an annual rate of 10.8 percent during the
1960s.

A rapidly growing application of lime is in the stabilization of
soils in road construction. The two main uses of lime in road construction
are subbase stabilization, involving fine-grained soils, and base
stabilization, involving clay-gravel type soils. These uses of-lime
grew at an annual rate of 10.8 percent during the 1960s. The.product

was mainly produced by commercial lime plants.
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Two formerly important uses of 1lime has been in agr1cu1ture as a
s0il conditioner, and in steel manufacturing, as a refractory material.
The most important reason for decline in agricultural app]1cat1ons has
been the subst1t10n of Timestone as a soik conditioner and heavy use of
fertilizers. The decline of 1ime for refractory material is related
to the decline of the open-hearth furnace in steel making, :The type
of Time used here has been dead-burned dolomite, which is rammed into
the furnace.to.conserve the Tife of refractory brick. Dead-burned dolomite
will still remain a necessary requ1rement for electric arc furnaces in
the future even though open hearth furnaces mostly have been displaced

by the BOF.

7.1.7 International Trade

Because of its Tow va]ue.to weight ratio, lime is not an importent
component'of'internationa1 trade For example, the value of both exports
and 1mports of 11me dur1ng 1971. const1tuted less than a thousandth of a
percent of the total value of exports and 1mports dur1ng the year. In
spite of enV1ronmenta1 regu]at1ons confront1ng the ]1me industry, 1t is
doubtful whether foreign compet1t1on will be a major factor 1n domestic
markets in the foreseeab]e future

7.1.8 Growth Trends

Historically, the Tong-term (s1nce 1930) annual rate of growth in Time
production has been approximately 5 percent. Over the 1963 1972 per1od
demand for quicklime has increased annually at about 4.9 percent; hydrated

lime, about 2.2 percent, and do]om1te ‘has declined about 8 percent (151 Overall

L]

total 11me 1ndustry output has grown at about 3.4 percent. In consideration

e




of future strohg markets and the fact that in-roads substitution has
probably been complete in certain traditional uses (dolomite and agri-
culture), a resumption of the hfstorica1:growth rate of 5 percent seems
possib]éifor total lime production in the years ahead.

Chemféa] énd metallurgical industry uses are 1ikely to remain impor- '
tant camponents of the growth of demand for 1ime products Howeyer, moét
of that growth within the chemical industry is likely to remain captive to
that industry.' On the other hand, metallurgical uses of 1ime, especially
as a steel flux, will be one of the largest and fastest growing market
sectors for commercial lime producers. These includé 1ime applications |
in the manufacture of steel, copper, aluminum, and magnesium.

Other strong future markets for lime products include waste treat-
ment épp1ications and paper and sugar beet processing operations; Among
these,:the waste treatment applications of lime promise the strongest
future mafket for commercial lime. These applications include water
treatment and sewage treatment plant commercial 1ime; In addition, there
is a strong potential market for Time products in‘sulfur dioxide stack
gas scrubbing.

7.1.9 New Sources

Projections for the number of new kilns and hydrators were determined
in'the following manner. A time series regression of historical capital
expenditures (See Table /-4,) appropriately discounted for inflatfbn by
use of the Chemical Engineering Plant Index, was used to predict annual

(16)

rate of inyestment in new capacity. A conclusion from this regression
is that industry invests in new and replaced Capacity at a rate approxi- ”
mately equal to 5.6 percent of existing capacity. This further breaks

down to about 3.6 percent for net additions and 2.0 percent for replacement.
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The 3.6 percent growth rate is consistent with total industry lime produc-
tion trends over the 1960 to 1975 period, These estimates were used to
project new kiln construction foy the 1977 to 1987 time period. See
Table 7-6, Demand projections have been made on the basis of a 5,0
percent growth rate, the base'production'df 1975 and' a derived capacity
utilization of 84 percent. The year of 1975 represents a lull period be-
Cause of general recessionary conditions. These demand projections are
shown in Table 7. for comparison\pufposes. The effective capacity‘
~utilization for 1987 turns out to be 93 percent which may be high but npt |
impossible. In.1974, capacity utilization was almost 100 pergent :
Projections for hydrators were made in the same manner as for kilns.
Existing hydrator capacity is estimated on the basis of reported Bureay
of Mines production of 2,353,000 tons per year for 1975, capacity utili-
zation_of 84 percent, and a growth rate of 2.2 percent for hydrate. The
capacity utilization which is assumed_to be the same as for kilns, is
derived.from 1ime prodﬁction and kiln capacity data for 1977. See Table

7-6  for projected hydrators.
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(2). Hydrator

(a) Centrifugal wet fan scrubber(27)

The costs for venturi scrubbers include a lined settling pond which
will handle the bleed pump discharge, which is a sTurry containing about
5 percent solids at a rate of 300 gallons per minute (on the basis of the
500 TPD model plant). Periodically, solids will be removed by dredging
and trucked to a nearby landfill site. Water in the settiing pond is
assumed to be recycled for the scrubber. The size of the pond is assumed
to be 2 acres for the 500 TPD plant.

The capital costs presented in this chapter are based oﬁ turnkey bids
far new systems on new plants. Direct costs which are based on vendors'

quotations include materials and labor in fabrication and erection of the

flange-to-flange control hardware, induced draft fans, ductwork, stack,
screw conveyor for dust handling, storage for collected dust, pumps,
settling pond, freight, sales, taxes, engineering, field supervision, con-
struction labor fringe benefits, vendors' administrative overhead costs,
performance tests, and start-up costs. A charge equal to 35 percent 6f
the direct costs was added for indirect costs--contingency, overtime,
administrative overheads incurred by the owner of the new source, interest
on construction loans, and site preparation. Al1 capital costs have been
indexed to July 1976 via the Chemical Engineering Plant Index.

The annualized costs have been developed along the following assumptions.
Capital charges have been calculated on the basis of 100 percent debt financing
and recovery of capital by uniform periodic payments (capital recovery factor).

For all equipment except scrubbers, equipment life assumed is 20 years;
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scrubbers, 10 years. Rate of interest for institUtiona] lending is 10
percent. Electricity costs were assessed on 3¢ per‘kflowatt hour basis.
Maintenance and labor costs in general were adopted from the Industrial
Gas Cleaning Inst1tute(]8 22)’and GARD, Ine,(24)_ The qn1y exception here
was -high efficiency precipitators. - :

The maintenance costs for high efficiencyuprecipitator was assumed
to be twice (or 2 percent of investment) as great as.aimilar costs for
moderate efficiency precipitatoks. A di]igeht maintenauee program con-
sisting of more frequent cleaning, more frequent replacement of wires,
‘greater attention to operation of rappers, and similar yigilance should
result in a'higher tuned precipitator and increased perfennance Mainte-
nance costs for gravel bed filters ‘have not been documented but are claimed
by the manufacturer to be low relative to other control devices; accord1ng]y,
an est1mate of 1 percent of capital investment was a551gned

Property taxes and insurance and administrative overhead costs--
operating and maintaining the control equipment and records keepihg for
em1551ons tests, mon1tor1ng, etc. --are assessed at a rate of 4 percent of
capital 1nvestment

Charges for solids disposal have been assessed at $3 per ton for dry
solids and $4 per ton for wet solids. These values are based on discussion
with the National Lime Assoc1at10n$28)for dry materials; and TVA stud1es(29)
for flue gas desulfur1zat1on systems, for wet so]1ds

Table 7-8 . presents the summary of cost estimates for control devices
on rotary kilns. For baghouses on the 125 ton-per-day unit, much of the

control device:is factory assembled; for other applications, field erected.
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This eXb]ains why baghouses appear to be relatively less expensive on the
125 ton-per-day unit than other devices, for example precipitators. Three
1eve1s'of scrubbing efficiency are represented in the 9 inch, 15 inch and

22 1nch'pressure drop scrubbers. Two levels of electrical precipitation are
represented.

The parametefs used to calculate energy costs and solid disposal costs
are summarized in Table 7-9. These parameters are also presented in
Chapter 6.

 The centrifugal wet fan scrubber required on the hydrator is estimated
to cost $10,000 in capital., Normally, the hydrator will have simple water
sprays for capturing the valuable product. Hence, items such as ductwork,
piping,.and pumps that return the collected materials to the hydrator are
parts of the process system. The annualized costs for the packed scrubber
are approximately $3000 and amount to only 4 cents per ton hydrate, wh1ch is
cons1dered negligible.

7.2.1.4 Analysis of Control Alternatives

The purpose of this section is to analyze the cost of each of the alter-
native'emission control systems presented in Chapter 6 and to determine the
incremental costs of these alternatives over requirements with state regulations.
A sutmary of these alternative emission contr01 systems is presented in
Table 7-10. The typical state regulation can be met with use of the 9-inch
pressure drop scrubber or the medium efficiency electrostatic precipitator.
The Tatter is chosen as the baseline for the cost analysis because of its

Tower annua]ized costs, as shown in Table 7-8.
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A summary of the incremental control costs for each_alternatiye
emission control system is presented for the three model plants in
Table 7-11. The incremental costs are the measure of costs between the
required cbntro1 device for each alternative emission control system and
the lowest cost device, capable of achieving the state regulations in
terms of unit cost per ton product. The most representative or the most
appropriate of available control devices was selected for each system. In
some cases thewpgrticu1ar system shows a negative incremental capital
requirement despite the positive incremental annualized cost incurred for this
system. This is predominant for scrubber systems under alternatives B-1 and B-2.
For the A-2, B-2 (low sulfur fuel) system, no costs are incurred because this

level is achievable by a control device designed to meet state regulations.

No intent has been made to differentiate fuel prices in the analysis.

The results in Table 7-11 indicate that the incremental annualized
costs for the A-1 and B-1 (low sulfur fuel) alternative systems are about
§.53 to ¢.57 per ton, except for the 125 TPD plant. For the latter, the
availability of modular construction and factory assembly are responsible
for the 1¢ :r costs on a baghouse. Hi:her maintenance and bag replacement
are the maj factors for the incremental annualized costs. The A-2 and
B-2 (low sui.ur fuel) alternatives are equivalent to the C alternative.

For the B-1 (high sulfur fuel) alternative, the incremental annualized
costs are $1.21 to $1.42 per ton for the use of scrubbers. For the B-2
(high sulfur fuel) alternative, these costs are $0 .92 to $1.06 per ton
for scrubbers. Although capital costs for scrubbing systems are less than
similar costs for baghouses and precipitatofs, significant costs in energy

consumption and waste disposal more than offset savings in capital charges.
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7.2.2 Modified/Reconstructed Facilities

7.2.2.1 Intfoduction

As discussed in Chapter 5, the primary alteration foreseen during the
1978 to 19875period at many existing lime plants that might be considered a
modification.wi11 be conversion of gas or oil-fired kilns to coal. A kiln
undergoing such a change in operations ordinarily could utilize the same
control system and still comply with state standards. However, under the
modification provisions associated with standards of beffonnance, the kiln
may become subject to compliance with these standards. If so, the kiln would
have to upgrade, or rep]ace in entirety, the control system.

In this section, cost information is presented for Time plants if this
alternation is considered a modification. The aspects of the regulation of
both particulate and sulfur dioxide emissions will be analyzed.

7.2.2.2 Control Costs for Modified Sources

The basic control costs were developed in Section 7.2.1 The same
information can be used to analyze the economic impact on individual plants
if fuel switching is considered a modification.

The cost analysis is structured for four mode] plant cases. (See Table
'7-12). The first case is for a recently built 500 TPD plant with a baghouse;
the second, a relatively old plant (125 TPD) with a cyclone device; the third,
al500 TPD plant with an electrostatic precipitator; and the fourth, a 500 TPD
plant with a scrubber. A1l of these plants are assumed to be meeting state
regulations. Each of these cases is analyzed for the cost impact under each-of

the alternative emission control systems discussed in Section 7.2.1.

7-33




L'z S WA el pg 2144 30 ¢ *3509 3pup

60 0z ©oeg'e 86°1 | L/$ *3s0) 2Lup
00v°ve . - _ .00079ce - 000°8yL - - 000°19¢ ($) s3s0) pazilenuuy |ejusue.ou]
cootovz. - oco‘ov8 . . ooosee . 000°Gv8 ($) 1e3rde) |ejusuRLdu]

| - - o (13n3 Jn}InS YBTH) Z-g
e . 9'g s oy - ®3L4d 40 % 3500 3pup
83°0 - £z 86°€ S 26T 1/ 3503 31up
000°9yL . 000° L6€ | 000°491 - 000°91f  (§) s350) pazi|enuuy |ejusieadu]
000°0L2 000° 068 . 000° 90% 000° 068 (%) 1e3tdey |equsuweudu]

| o - T{en3 anjLns YBIA) 18

81 0 2°01 0 | 8044d 40 % 3509 34up
6t°0 0 6L°Z " 0 1/$ 3503 3pup

- - 008°18 . -G 000G | 0. ($) s1so) pazi|enuuy LejuBwsUdu]
000°8/1 0 000°Gb¥ G ($) letde) |ezuswsuou]
(1SN3 angInS Mo) 2-g *I-y

0°€ c 2°0L 0 190(4d 40 3 3500 3Lup
18°0 0 642 0 : 1/¢ *1s03 2rup

. 000 pEL 0 - 000°s1) 0 ($) 3500 pazijenuuy |ejuswaudu]
060° /81 0 006G OYY 0 g ($) [®31de) |ejusBwBUOU]

‘ , [onJ UNJINS MoT) 1-g ‘1-y

d3qqnaos . Loumu_a_umLm - Buo[ofly : mw:o;mmm  S|043U0) BULFSIXT
GdL 008 ‘ adl 00§ - adL szl - adl 008 . 37%Y.u0LIINpOUg U LY

po9sey € asey Z asey .- | ase)

o . sIounos aardrdow - - |
msmhm>m40mhz¢uonmm~zmu:thzmMHuqmom_mpmou_qomhzou.4ihzmzmxuzﬁqNMJNMAmqh

7-34




- The type of a]teratlons that could occur w1th a fuel conyers1on would
1nc1ude fueT sw1tch1ng to a Tow. or h1gh su]fur coa] and poss1b1y the. add1t1on
of a stone pre heater. Consistent W1th the d1scu551on in. Chapter 5, pTants
with existing. cyclones or low energy scrubbers are assumed to requ1re up-
grading these devices for a potentlaT increase 1n‘e1ther‘part1cu1ete_or
.solfur dioxide emissions PTants with existing baghouses or precipitators
are assumed to upgrade for su]fur d1ox1de em15510ns on]y ' | |

Control costs for the Case 2 pTant reflect the add1tlon of a baghouse
for the A-1 and A-2 a]ternat1ves, as well ‘as the B-1 and B—2 aTternatlves
for low sulfur fuel applications. | The contro] costs for the case 2 plant
under the B-1 and B-2 alternatives with. hlgh sulfur fue] are based on the
add1t1on of a complete 22 IWC scrubber system. The costs for cases 1 and
3 for the B-1.and B-2 a1ternat1ves WTth high squur fuel are determ1ned
in the same fashion as case 2. The case 4 plant costs est1mates 1nc1ude
only the upgrad1ng of the ventur1—separator sect1on, the fan- motor and__
| starter. The maln d1fference 1n case 4 p1ant costs shown in TabTe 7-12
for'the var1ous aTternat1ves ref]ect the use of corros1on res1stant materials
in the venturi and the fan for. h1gh sulfur fueT app11cat1ons

An assumed retrofit pena]ty of 30 percent was included in the cost
estimates for the modified sources. This means that a retrofttted system
on an existing source would require 30 percent more capital than for a brand
new. source. The 30 percent-factor'is a reasonable engineering judgment for
inclusioh‘of such items as the removel of.existing.systems,.aoditional
engiheering to design the retrofit system,.and minor changes in the offsite
utilities, such.as electrical dlstr1butnon |

The incremental annual ized costs shown 1n ‘Table 7-12. are in addition to

the costs 1ncurred by existing p]ants to comply w1th state regulations
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The incremental annualized costs include capital charges for the retrofit ‘_
capital, and cost increases incurred for power, disposal, maintenance, taxeé,
and insurance,

According to the results in Table 7-12, the most expensive situations |
occur for the modified sources involved with switching from a low sul fur to.
high sulfur fuel. For an existing 500 TPD plant, with a baghouse 'the
annualized costs for the B-1 alternative are $1.92 per ton and $1.58 per ton
for the B-2 alternative. For an existing 500 TPD plant with a precipitétor,
these annualized costs increase to $2.37 and $2.04 per ton, respectively. For
the existing 500 TPD with a scrubber, annualjzed costs for upgrading the
scrubber are $0.88 and $0.57 per ton, respectively.

For other modified sources that are concerned only with increase in
particulates, annualized costs are significant for existing sources with
low efficiency controls. For example, a 125 TPD plant with a cycloné would
incur a cost of $2.79 per ton for a baghouse for either A-1 or A-2 alternative.
The 500 TPD plant with a 9 INC scrubber in compliance with a state regulation
would incur costs of $0.81 per ton for the A-1 alternative and $0.49 for the
A-2 alternative to upgrade the scrubber. Existing sources with béghouses or
precipitators are assumed not to incur any costs specifically for particulate

controls.
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7.3 OTHER.COST CONSIDERATIONS

~ The scope of this analysis included the deVe]opment of standards
for air emissions from lime kilns. In addition, the lime industry is
anticipated:-to be affected by new source performance standards for the
crushed stone and  aggregate industry, which include the preparation of- -
limestone rock. -The costs of controls for this process step have not
‘been- analyzed in this chapter.

In addition to the air controls for rock preparation, the lime
industry must also comply with EPA's water effluent guidelines for existing -
facilities and new source performance standards for.new facilities. For
bdth, the limitation is a zero discharge of contaminants into streams;

The only source of water effluents from Jime plants is derived from water
used in scrubbers to control air particulates emissions.

The control technology required to achieve this limitation for water
effiuents is a c]bsed-1oop water system, Such a system can be achieyed by -
arwe11-coﬁstructed, holding basin (pond, lagoon) sufficient in size to |
handle water overflows during periods of heavy rainfall, The alternative
éontro1 system is a mechanical clarifier-filtration system. The latter
would be preferred where space limitation, terrain, or soil conditions would
render construction of a holding basin prohibitively expensive or unfeasible.
An attempt was made to recognize these water costs in Section 7.2 by inclusion
of ponding in the scrubber system cases.

Capital and operating costs for continuous mon1tor1ng of visible emissions
and sulfur dioxide are reported in Appendix D, The magnitude of these costs
is small in relation to the incremental control costs as detailed in

Section 7.2. There is no discernible impact that can be foreseen with the
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requirement of monitoring e1ther or both visible em1ss1ons and sulfur
dioxide.
As far as OSHA costs are concerned, EPA is unéware of ény méjor
problems encountered in the health and safety aspects of 11me P1ant
operations.
7.4 ECONOMIC IMPACT OF ALTERNATIVE EMISSION CONTROL SYSTEMS FOR NEW AND
MODIFIED SOURCES
7.4.1 Introduction

The purpose of this section is to discuss the econom1c 1mpact of the
incremental contr01 costs for each a]ternat1ve emission contro] system
identified in Chapter 6 in terms of industry growth, product pri;es, and
balance of trade considerations. Capita] requirements for incremental
controls are also discussed.

The following assumptions are used to analyze the economic impacts of
emission control alternative systems on new and modiffed sources. The
first assumption is that competition among Tlime producers will Timit uni-
lateral attempts to increase prices to pay for incrementa] control éosts.
This assumption is more critical for commercial lime producers than for
captive plants, which probably can pass on the increased costs. Consequently,
control costs will be addressed for two situations--one in the absence of
a price increase, the other in the absence of a change in profitability,

The second assumption is that product differentiation characterized by more
than a single price for lime is not a major factor in the‘industry. Although
there is reason to believe that product quality requirements may command a
higher price for metallurgical lime than for, let us say, sewage treatment

lime, not enough information is ava11ab1e to substant1ate a schedu]e of
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multiple prices. As a result, only a single price will be used for the
“product in the analysis.

As indicated in Section 7.1 there is a continuing trend in lime
indus%ry toward larger plants. This is partially due to the economies of
scale associated with the mechanization of the industry, and perhaps also
due to the economies of scale associated with environmental controls.
Besides the envirdnmenta1 control requirements specifically addressed in
this document, the 1ime industry has recently faced another important shock:
the energy crisis. Dramatic recent increase in prices of all fuels and
diminished availability of natural gas have forced many plants in the
industry to convert to coal-burning facilities, utilizing stone pre-
heaters in many cases. This includes many existing plants which have
retrofitted their kilns to provide a coal?firing capability. The con-
version of a plant to utilize a switch in fuels is the type of plant
alteration that will be analyzed as a modified source.

7.4.2 New Sources

7.4.2.1 Profitability Impact Analysis

In this section, the impact of incremental costs associated with each
alternative emission control system is measured in terms of a new plant's
profitability. The incremental annualized control costs from Section 7.2

are assimilated into the plant's cost structure to calculate profit after
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tax (PAT) on a unit ton basis without a price increase. Similarly, price
increases necessary to maintain historical retyrns are calculated. The
 PAT is determined by assuming a 6 percent profit margin (after -tax) on
sales. Profit margins for this industry have been reported to range from

4 to 6 percent sales. (30) A sales estimate for a mode] p]ant is taken as
?.$27.50 per ton, which is the approximate reported Bureau of Mines price

for Time in 1975. (31) The tax rate on income is assumed to be 50 percent.

- The calculated PAT, which is $1.65 per ton, is then re]ated to the capital
‘investment for a baseline grass roots plant. Such a p]ant'js assumed to

be meeting state standards for control of air emissions. This piant'should
cost about $35 per ton.annual capacity.(32) The derived PAT of $1 Gg per
ton’yie1ds a after-tax ROI of 4.8 percent. The percent dec11nes in ROI

and required price increases to maintain baseline ROI are then ca]cu1ated

: for each alternative emission control system. See Table 7_]3 for resu]ts.
Interpretation of the results 1eads to the conclusion that none of

| the a1ternat1ve emission control systems prec]ude new p]ant lnvestment

The price increase required to maintain ROI for alternative A-1_15-2;6
percent; and for alternative A-2, no increase in price is requiredr In the
- Jjudgment of EPA, price 1ncreases on the order of 3 percent are con51dered
as having minimal adverse impact. A new source, in either the commerc1a1

~ or captive sectors, can probably offset increased control eost of thts mag-
njtude by achieving economies of scale in building a Targer plant. Further-
| more, for most captive plants, such price increases would be much smaller

in terms of the price of the end product, such as steel, copper, or magnesium,
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Cons1der1ng a]ternatlves B-1. and B -2, k11ns burn1ng 1ow su1fur coal
: wou1d resemb]e plants meeting part1cu1ate standards - under a1ternat1ve A- 1

. and A 2 On]y p]ants burnlng hlgh sulfur coa] would appear to incur a

.__Jsomewhat h1gher 1mpact under a]ternatlves B=1 and B-2, . The prige increase

‘under a]ternat1ve B- 1 is" 4 .8 percent c0mpared with the 2.6 percent under
;alternat1ve A-1. The 1ess stringent alternat1ve involving a su]fur Timi-
' tat1on, B-2, requ1res a pr1ce 1ncrease of 3.6 percent Versus no 1ncrease
.‘for the corresponding alternat1ve A-2,
N The:re]at1ve_d1fferenoes'1n.1mpacts hetween the A and.B a]ternatives
_are‘ana1ytica1 resuits'deriVed"Without any consideration. of fuel price
~ differences between Tow and high su]fur fue1s “According. to industry
:op1n1on, .33) fuel use trends are toward meta]TurglcaI (Tow sulfur) coal
for the Dburpose of. produc1ng su]fur—free 11me High sulfur fue1s cannot
be considered then as a substltute fuel for technlcal reasons in such cases.
Where high sulfur fue]s can be- burned for some applications, the ‘new . source
_probab]y will find 11tt1e d1ff1cu1ty in hand11ng the relatively higher
: costs for a]ternattves B-1 and B- 2. In those 11me markets. where sulfur
' content of 11me is not. cr1t1ca1 ‘the high sulfur fuel user, despite

;re1at1ve1y hlgher control costs, can probably compete with Tow sulfur: users

: h_ffrom the_standp01nt of Tower fuel costs

j7 4 2.2 Cap1ta1 Requ1rements and Ava11ab111ty

'1 Th1s port1on of the econom1c ana]ys1s addresses 1tse1f to the 1mpact
of the new source performance upon the cap1ta1 requ1rements and f1nanc1a1
resources of the industry. The quest1on arises whether the 1ncreased cap1ta1
"requ1rement for meet1ng standards of performance will pose any prob]em for

raising capital 1n the 1ndustry
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Since the trend in plant construction will be toward 500 TPD units,
incremental capital requirements for a 500 TPD unit have been. derived for
each of the alternative emission control systems. The basé]ine'p1aht'fs
assumed“to install a low efficiency precipitator to meet state regulations.
The capital for such a plant including the precipitator, is $5,798,000,
‘which corresponds to the $34.40 per ton annual capac1ty shown in Table 7n13.
Using this baseline, the incremental capital requirements are derived for
each of the alternatives--A-1, A-2, B-1, and B-2. The calculations are
shown in Table 7-14. Only the A-1 alternative shows any additional capital
requirement over the baseline case, a 2.1 percent increase. Capital fequire-
ments for the B-1 and B-2 alternatives are less than-the baseline case.
Judging from the results shown in Table 7-14, there would
not appear to be any problem toward raising additional capital for any of
the alternative emission control systems,

7.4.3 Modified Sources

7.4.3. 1 Profltab111ty Impact Ana1y51s

| Just as for new sources, the impact of 1ncrementa1 costs associated
w1th each alternative emlss1on control system js measured in terms of
the “impact upon the profitability of new plant investment. The type of
1nvéstmént to be analyzed in this section is that associated with conversion
of a gas-fired kiln td coal., This type of fuel converéion appears. to be
the only plant alteration incurring a significant cost impact with the
alternative emission control system under investigation, that is, alterna-

tives B-1 and B-2 1imiting sulfur.
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The profit impact analysis is based on a 500 TPD plant that is
assumed to undergo a marginal investment of $1.5 million for converting
a gas-fired facility to coal. This estimate represents the installed costs
for coal handling and preparation facilities, as well as burner changes.(34)
The plant undergoing this modificétion is assumed to continue the use of
the same control system for the kiln, in the absence of ﬁew source perfor-
mance standards, without additional costs. The marginal return for this

investment is calculated to be an 18.2 percent profit after tax (PAT). This

is derived from the following assumptions: (1) a sales price of $27.50,

(2) baseline production costs of $24.20, which includes emission controls to
meet state regulations, (3) a tax rate of 50 percent, and (4) historical
plant investment is treated as a sunk cost. These are the same assumptions
that would confront many existing sources in the industry today faced with
a cut-off of a fuel supply. No attempt has been made to factor in Higher
fuel prices which would necessitate prediction of higher 1lime prices; |

The incremental annualized costs for alternatives A-1, A-2, B?], and

B-2 from Section 7.2 are assimilated into the cost structure of the model plant

to determine the impact on PAT and the required price increases to maintain
the expected 18.2 percent return. Two types of model plant situations- are
analyzed--one existing plant with a baghouse and another with a 9 IWC
scrubber. The resultant declines in profit and expected price increases

(sufficient to maintain profitability) are shown in Table 7-15.
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Interpretation of the results leads to the conclusion that the
alternatives B-1 and B-2 would most probably preclude the marginal invest-
ment for existing plants with baghouses. The decline in ROI under B-1
is 74 percent; for B-2, 66 percent. Required price increases are 141
percent and 12.5 percent, respectively. In the judgment of EPA, price
increases of this magnitude are sufficient to preclude investment.

For plants presently using scrubbers, the declines in ROI are 38 percent
for the B-1 alternative, and 29 percent for the B-2 alternative. Price
increases are 5.4 percent and 4.0 percent, respectively. In the judgment
of EPA, plants presently using scrubbers would not neceésari]y be deterred
from undergoing the marginal jnvestment. From the standpoint of ranking
various 1nvestments modification of an existing plant still offers a higher
veturn than for a new source. The returns are approximately 12 percent
(after tax) for both B-1 and B-2 on the modified source versus approxi-
mately the 3.4 to 4 percent (after tax) for B-1 and B-2 on new sources.
Within this context, it cannot be concluded that plants with scrubbers
would shutdown.

For the A-1 and A-2 alternatives, the results in Table 7+15 indicate
declines in ROI of 33 percent and 24 percent, respectively for modified
kilns that may have to upgrade scrubbers for increased particulates.

Price increases are 4.5 percent and 3.2 percent, respectively. In the
judgment of EPA, these impacts are not of sufficient magnitude to preclude
investment. Existing kilns with baghouses prior to modification are not

considered to incur any adverse impact.
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7.4.3.2 Cabita] Requirements

Based on the assumption of conversion to coal, the cap1ta1 for
mod1fy1ng an ex1st1ng p]ant (500 TPD) s $1,500, 000, (35) Using this
estimate as a base11ne the 1ncrementa] capital requirements are deter-
mined for the cases analyzed in the profit impact analysis. The results
are shown in Table 7-16.

0f all four alternatives, the B-1 and B-2 alternatives stand out as
the most restrictive, in particular for plants with baghouses (or preci-
pitators), The existing plant with a baghousé woulld have to incur an
additional 59 percent capital for B-1 and 56 percent for B-2, Plants with
scrubbers that would have to upgrade these scrybbers incur a capital
increase in the range of 12 to 18 percent, depending upon the alternative.
Lastly, plants with baghouses (or precipitators) would not have to incur
any capital requirements if increased particulates are the only concern,

The conclusions drawn from Section 7.4.3.1 on the profitability
analysis would apply here. For a sulfyr Timitation, plants with baghoyses
most probab]y cannot afford the modification; Plants with scrubbers pro-
bably can afford to modify.
7.4.3.3 Impact on_the Industry

From the previous discussion on profitability and capital requirements,
it is cTear that sulfur Timitation under new source performance standards
- would have a major adverse impact on some plants switching to high sulfur
coa].‘ An anafysis of the impact in the industry has to consider the
following questions:
(1)  How many plants W1th1n the industry do not have coal firing
capability? =

(2) How many of these would Tikely switch to coal?
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(3) For those plants that would switch to coal, how many would use

high sulfur coal?

Based on a survey of major fuel burn1ng installations by the Federal:
Energy . Adm1n1strat1on,( 6) some 43 of 47 kilns owned by 21 respond1ng
plants have reported to have coal firing capability. The scope of coverage
includes plants with a heat input greater than 100 mi11ion BTU per hour.’
The scope of the survey is the SIC 3274 sector. An ana]ys1s of fuel use
by the respondents was conducted to determine the COVerage of the 1ndustry
by the FEA survey. The results are shown in Table 7-17. _Accordlng to the
Table, the fuel use by the respondents was 60 percent of the total fdssil
fuel consumption by the SIC 3274 sector. The respondents in the FEA
survey burned 77 percent of the coal and 32 bercent of the gas consumed by
the SIC 3274 sector. These data Show that conversion to coal is nearly
complete for large users, and perhaps to.a great extent for all ki1ns_that
could viably burn coal. This would include botentia11y’a11 kilns with
output Qreater than 250 TPD, according to a designer df Time plant techno]ogyf37)
A conclusion based on interpretation of the FEA suryey is that'approximately
90 percent of large plants present]y have coal firing capability, Of the
rema1n1ng 10 percent, most of these wou1d shift to- low sulfur, meta]]urg1-
cal grade coal. This would be con51stent with previous. industry trends.
Consequently, the impact of the B-1 and B-2 alternatives is‘expected to be
small on the industry. |

As f&r as small plants, those producing less than 250 TPD, they will
probably use some'combination of natura]_gas, synthetic gas, distil1ate,
or crude 0il. None of these fuels are 11ke1y to contribute to an increase

in sulfur emissions (or particulates) from a fuel switch away from natural
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gas. Consequently, no impact from new source performance standards is
foreseen for these plants.
7.4.4 Summary
' The conclusions of the ecohomic impact analysis are stated as
follows. The market for 1ime is expected to be healthy with an annual
compound growth rate in consumer demand projected to be 5 percent. Some
8 to 10 new kilns and 1 to 2 new hydrators are projected to be installed each
year for the next ten years. Most modifications for the next ten years |
will Tikely be kilns switching from gas to oil. Conversion from gas to
coal has been occurring for the past few years and seems nearly complete
for the fndustry.

The cost impact of the A-1 and B-1 alternatives will be 2.6 percent
in terms of a price increase (to maintain ROI) for most new kilns; which
will be burning low sulfur coal. Simf1ar1y, price increase to maintain ROI
for B-1 and B-2 is 4.8 percent and 3.6 percent, respectively, for high
sulfur fuel burning new kilns. However, there {s not expected to be any
significant adverse impact for these sources in the Jjudgment of EPA,

The capital requirements are expected to be minimal fof new sources
for all proposed alternatives, The most stringent alternative, A<l,
would require an incréase in capital of 2.1 percent. In the judgment of
EPA, this is considered to be reasonable. |

The cost impact and capital requirements were analyzed for various
types of modified sources. For certain modifications, such as p]ants
switching from gas to high sulfur coal, the economic impact could be
adverse. However, there are very few modffications of this nature expected

to occur. No economic impact is foreseen to occur for the plants switching
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to oil; such modifications are not expected to incur any incremental

costs associated with the proposed alternatives:

Lastly, the economic impact on hydrators is expected to be very small.

The cost-1impact for these sources is very small, on the order of a tenth

of 1 percent.
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602-5-0, Federal Energy Administration,‘under_authority from Energy

- Supply and Coordinating ‘Act, 1976.

See Reference 32.
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8. RATIONALE FOR THE PROPOSED STANDARDS

8.1 SELECTION OF SOURCE FOR CONTROL

The 1ime manufacturing industry has been identified as a significant
nationwide source of air po11utant emissions which céuse or contribute to
the endangerment of the public health or welfare. Emissions from Time
plants include particulate matter, sulfur dioxide (502), carbon monoxide
(C0), and nitrogen oxides (NOy). 1In 1975 there were 170 lime plants operating
in 40 states producing approximately 20 teragrams (22 million tons) of lime
per year. Since 1930, the lime industry has experienced a growth rate of
about 5 percent per year. This rate is projected to continue through 1985,
The typical lime manufacturing plant used in this document to base the
impacts of the proposed standards on is one that produces 454 megagrams
(500 tons) per day of lime from 907 megagrams (1000 tons) of limestone
feed in the rotary kiln., About 10 percent of the Time produced is further
treated by hydration in a lime hydrator. The typical Time hydrator produces
227 megagrams (250 tons) per day of hydrated lime from 182 megaqrams (200
tons) of lime feed. The typical state standards for Time plants require
control of particulate emissions from lime kilns and hydrators to 0.5 kilogram
per megagram (1.0 pound per ton) of feed. The typical state standards also
require control of S0, from 1ime kilns to 1.0 kilogram per megagram (2.0

pounds per ton) of stone feed.

A lime manufacturing plant conforming to the level of the typical state
control standards and operating an average of 330 days per year would emit about
150 megagrams (165 tons) per year of particulate matter from the 1ime kiln
and 30 megagrams (33 tons) per year from the hydrator. If the kiln burns
coal which contains a low sulfur content, the emissions of 502 are about
150 megagrams (165 tons) per year. If high sulfur content, about three percent,
coal is burned, S0» emissions are about 300 megagrams (330 tons) per year

from the kiln. 8-1




. categories.

1 performed for EPA by Argonne National Laborat@yy in 1975,

In a study
the Time industry ranked seventh on a list of the 56 1ahgest particu1§te
source categories in the U.S. The 1ist contains alT-of the stationary
sources of particulate matter for which control technology exists which
is capable of reducing emissions to a level below that requiredtby state
standards and- for which no significant economic impacts.wou1d be enceuntered
as a result of the app]icatioﬁ of such control technology. In addition, the

study  ranked the_1ime‘industry fifth on a 1ist of seven domestic S0, source

A second study,2 performed for EPA in 1975 by The Research Corporation
of New England (TRC), ranked the 1ime industry 13th.on a Tist of 112 stationary
source categories which emit particulate matter. In this study, 1ime plants
were also placed 21st on a Iiét of 41 stationary sources emittfng S0,.

In addition, in the prevention of significant deferiorétibn regulations

published in the Federal Register on December 5, 1974 (39 FR 42510), 1ime

plants were included on the Tist of industrial processes which are sources
of particulate matter and 30, that are capable of contributing to the
deterioration of existing air quality. Under the provisions of these
requlations, construction of new 1ihe plants or modification of existing
plants can be denied unless the Administrator determines that the operation
of the facility will not cause a violation of the allowable air quality
increments which are applicable to the area affected by the emissibns;

The Time manufacturing industry which'would be covered by the proposed
standards incliudes both commercial and captive operations. Presently about
22 percent of the Time used in this country is produced by captive manufacturers
for whom the manufacture of lime is an intermediate step. Examples of these
types of manufacturers are the steel industry, for use with the basi¢c oxygen
furnace (BOF), and the sugar beet processing industry, for use in removing |

impurities from the crude sugar juices.
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 The proposed standards would not apply to lime k11ns that process

| wet 11me sludges, such as in kraft pulp m111s. Standards of performance

covering emissicns from'these:sources were prdposed in the Federal Register
on September 24, 1976 (41 FR 42012). -

r Based on the 1arqe number of existing Time p1ants, the current and
proaected qrowth rate in the industry, the wide range of plant location
across the Un1ted Qtates, and the reduction impacts on mass emissions

that are achievable, the source category of lime manufactur1ng plants has

been selected for control through the development of standards of performance.




8.2 SELECTION OF POLLUTANTS AND AFFECTED FAGILITIES
8. 2 1 P011utants

Em1ss1ons from 11me plants include particulate matter, sulfur dioxide
(502), carbon monoxide (CO), and nitrogen oxides (NOy). The Time kiln
has been 1dent1f1ed as an emitter of all four pollutants. The‘hydrator
iéjé eebfée of paftieuiate'matter only. 1In add%tion, fuqitive emissions
of part1cu1ate matter may occur from transfer points, screens, and 1oad1ng
operet1ons
o Em1551on tests on presently operating sources have 1nd1cated that NOx
concentrat1ons are normally in the range of 200 ppm in the exit gas from
the part1cu1ate contro1 device. This is equivalent to an NO, emission
rafe of'about 0. 45lbeund of NO, per m11110n Btu heat input. Assuming adverse
meteoro]og1ca1 conditions and the occurrence of aerodynamic downwash,
an amb1ent air qua11ty dispersion model of NO emissions from the typical
Time k11n contro11ed to 1eve1 of a typical state standard shows a
maximum concentrat1on of about 10 ug/m3. This is 10 percent of the EPA
pr1mary and secondary amb1ent air qua11ty standard of 100 ug/m3 (.05 ppm)
“annual ar1themt1c mean for NOy. Since the NOy emission reduction that
can be ach1eved through combust1on mod1f1cat1on or other control techn1ques
has not been demonstrated for 1ime kilns, N0y emissions from Time kilns
have not been selected for control.
o Em1ss1on tests on the ex1t gas from the part1cu1ate control device
%1nd1cate that C0 em1ss1ons from Time kilns are normally in the range of
100 ppm. Assum1ng adverse meteoro]oq1ca1 conditions and the occurrence
.of aerodynamic downwash, an ambient air quality dispersion model of CO
emiésiobs from a typicaT well controlled kiln shows a maximum concentration

of aboub'30 ug/m3 (eight-hour average). This is less than 1.0 percent of the
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EPA primarv ambient air quality standard of 10,000 ug/ﬁ3 (9 ppm) maXimum
eight-hour average, not to be exceeded more than once per year, and'the‘
secondary standard of 40,000 ug/m3 (35 ppm) maximum one-hour average, not

to be exceeded more than once per year. The most effective control method
that has been demonstrated for reducing CO emissions from rotary lime kilns
is incfneration of the off-gases. The use of this technique would cause a
severe fuel pena]ty‘with very little environmental benefit. Consequént]y,

€O emissions from lime plants have not been selected for control by standards
of perfbrmahce.

Emissions of particulate matter from the model 907-ﬁeqaqrams-per—day_
(1000-tons-per~day) lime kiln, controlled to meet a typical sfate standard;
amount to about 19 kg per hour (42 1b per hour). The maximum ground level
concentfation under adverse meteorological conditions resuTtinq in aerodynamic
downwash for a drv control system (e.g. a baghouse) is about 26 uq/m3 (24-
hour average). When a scrubber is used to control emissions, the maximum
ground-level concentration increases to about 42 ug/m3 (24-hbur average)
because the cooler exhaust gases cause poor dispersion character%stibs. Under
conditions of no downwasﬁ from the.stack, the maximum particu1até concentrations
from-a dry cont}ol system and from a scrubber are approximately 3 ug/m3 and
6 pq/m3, respectively.

Particulate emissions controlled to meet the 1eve1.of the proposed standard,
which requires an incremental reduction of 70 percent more than a typical state
standard, result in corresponding reductions in the load to the ambient air
particulate concentration. The 24-hour average concentration, when the stack

- is designed to prevent aerodynamic downwash and produce 6ptimum‘dispérsion,

is less than 2 ug/m3, when either a dry system or a scrubber is used.
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Particulate matter emissions from the hydrator controlled to meet a
typical state standard amount to about 6.4 kilograms (14 pounds) per hour.
This emission rate assumes that the 1ime hydrator is operated about
14 hours per day to process 182 megagrams (200 tons) of lime into 227-megagfams
(250 tons) of hydrated Time. Almost all existing hydrators are controlled by
scrubbers of varying efficiencies, With the application of the best type
of wet fan scrubbers, the particulate emissions from hydrators could be
reduced by 85 percent compared to a typical state standard of 0.5 kg/Mg.

Since significant reductions in the mass emissions of particulate
matter from lime kilns and hydrators are possible, standards of control
of these emissions are being proposed. The levels of the proposed emission
limits are discussed in section 8.5,

The Time kiln is the only source of 50, emissions at a 1ime manufacturing
plant, excluding any power generating facilities that may also be present.

The S0, is principally due to the presence of sulfur cdmpounds in the fuel
used to heat the kiln. Emissions of SO fgom the 907 Mg/d (1000 tpd) model
p1aht controlled to the level of a typical state standard, emitting about

37 kilograms (82 pounds) per hour when using 3 percent sulfur coal,

will cause a maximum ground level concentration of about 85 'ug/rn3 (24-hour
average) under adverse meteorological conditions and aerodynamic downwash.
Therefore, emissions of S0, from 1ime plants under the most adverse conditions
would account for about 25 percent of the 24-hour national ambient air quality
standard of 365 ng/m3,

As discussed in chapters 3 and 4, a significant reduction in S0, emissions
is achieved hy the'presence of the Time dust in the kiln and at the outlet
point. The amount of SO» removal depends on several factors including the
chemical compbsition of the stone, the temperature in the kiln, the amount of

excess oxygen in the kiln, and the amount and particle size of the 1ime dust




present in the kiln.? When dry control systems such as a baghouse or an ESP
are used, about 88 percent of the SO remains in the lime and 12 percent is
emitted to the atmosphere. When a scrubber is used, about 6 percent of the
SO, is emitted to the atmosphere. These values are based on the results of

the EPA saurce tests, presented in Appendix C.
An analysis of the available control alternatives yields the following

comparisons:
(1) Compared to baghouses, scrubbers would reduce SO, emissions
~ from a model 807 Mg per day (1000 tpd) kiln by 150 Mg per
year (165 tons per year). A scrubber with a pressure drop
of 22 IWC requires about six times more energy to operate
than a baghouse and is equivalent to a total plant energy
increase of 4 percent. If this energy is produced in a

coal-fired pewer plant, an additional 23 tons of SO0, per

year -would be produced, assuming that the power plant con- |
forms to the standard of performance of 0,52 gram pér
megajoule heat input (1.2 pounds of S0, per million Btu's
heat input). The power source would also produce additional

emissions of particulate matter and nitrogen oxides while

generating the additional enerqy.

(2) The temperature of the stack gas following a scrubber is lower
than that following a dry control device. Consequently, the
dispersion characteristics of the emissions are not as
favorable, and the maximum predicted concentration of SO»
in the ambient air is only slightly less from the scrubber
even though the S02 emission rate is one-half that of the
dry control system. Under conditions of no aerodynamic down-
wash,.there is no predicted difference in the maximum ambient

concentrations resulting from the two control systems.
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(3) EPA pubiiahed'effluent quidelines for the 1ime industry on
Marah 21, 1974 (39 FR 9621), which require zero discharge
of water. If scrubbers are required on k11ns in order to
meet an S0, standard existing 11me ‘plants could have difficuity
- in meeting this level. _ _ _
\(4) The capital costs of instaiiing a scrubber are less than for
'a baghouse. The annuaTized operating_costs, however, are twice
as hiagh for a{scrdbber than for the dry control devices. The
costs are prasented in Chapter 7, _

In sumnahy, an incremental reduction in Soz‘emission rates (94 percent
contro] versus 88 percent) is achievable with scrubbers compared to dry
'controi systems. This reduction, however, would be accomplished with
corre5pond1ng adverse environmental and economic impacts that do not‘
appear to be reasonable. EPA has therefore determined that requiring a

.standard of performance for control of S0, from Time plants is.not Jjustified
| at this time, and no standard is being proposed.

8. 2 2 Affected Fac111t1es

The significant sources of particulate emissions at a Time plant are
:the 1ime kiln and the hydrator unit, Additional secondary sources which
produce fugitive emissions are product transfer points and screening
and loading operations.

There are several types of kiln designs that are currently used by
"the 11me 1ndustry in this country. As discussed in chapter 3, the maJor

~ types are the rotary kiln, the verticle kiln, the rotary hearth kiln,
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and the fluidized bed kiln. Approximately 90 percent of the 1ime produced
in the U.S. today is calcined in rotary kilns. Virtually all of the new
kilns installed in the last two years have been rotary kilns,* and this
trend is expected to continue in the future. In addition, rotary kilns
are the oﬁiy type of kiln that can utilize coal as fuel.and still maintain
acceptable product quality. It is expected that as suppTies of natural

gas and oil become more expensive or unavailable, all new kilns would be

rotary 1ime kilns designed to burn coal.

Of the estimated ten percent of the'industry which are non-rotary'
type kilns, the majority are small operations and do not constitute a
significant source of emissions, Since the future need in the industry is
to have coal burning capabilities, the current trend is to rep1éce existing
kilns with rotary kilns. The facilities that would be affected by the

proposed standards would therefore tend to be of the rotary design.

About ten percent of the lime produced in this country is also treated
by hydrators and converted to slaked or hydrated 1ime. Uncontrolled parti-
culate emissions from hydrators may be as high as 545 kilograms (1260 pounds)
per hour, a higher emission rate than has been estimated for a typical

Time kiln controlled with a cyclone. The typtcal state standard requires

that particulate emissions from a hydrator are controlled by a low efficiency

scrubber to attain a level of about 0.5 kg/mg (1.0 1b/ton). |
Since the rotary lime kiln and the lime hydrator are both significant

sources of particulate matter, they are selected as the affected facilities

for which the proposed standards will apply.

The potential points of fugitive particulate emissions at a 1ime plant
are at product transfer points and screening and loading operations. These
sources produce an unquantified amount of dust. Although various emission

control techniques have been identified which could reduce emissions from
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these fugitive dust sources, insufficient data cdhcerning the effectiveness
of these techniques are avai]ab1e to determine achievab1e emission reductions.

Consequent]y, these sources are not covered at this t1me by the proposed
) W
standards.,

‘Definition of the Affected Facilities 8.0

8.2.2.1 Rotary Time kilns

; The rotary 11me kiln is the on1y type of k11n des1gn that is regulated
| by the proposed standard V1rtua11v a11 of the ex1st1ng and all of the

‘new k11ns used in the 1ndustry are rotary des1gn. Each k11n operates
‘ 1ndependent1y of the other k11ns in a Time plant, with no interaction between
| k11ns K11ns that process Time from a s1udge, such as those at kraft pulp
; mt11s,$are tovered by a separate standard. The affected fac111ty is therefore
def1ned as,'"a uhit w1th an 1nc11ned rotating drum which is used to produce
vha 11me product from 11mestone by ca1c1nat1on " |
"8 2.2.2 Hydrator -
The hydrat1on process consists of b1end1ng the Time w1th water in
‘.a pre mixer and. aq1tat1ng this mixture to obtain a comp]ete chemical react1on
The hydrator operates as a separate system from the Time kiln and is.
contro]led by its own control devices. At plants where there are multiple
hydrators, each operates independeht1y. 'Therefore, the affected facility

'is defined as "a unit used to produce a hvdrated 1ime product."
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8.3 SELECTION 0F THE BEST SYSTEM OF EMISSION REDUCTION CONSIDERING
COSTS

The purpose of the proposed ‘standards is to requ1re that the best
emission control ‘technology, considering costs, for particuiate matter _
be installed and operated at new and modified 1ime piants;'zThe affected
facilities to be controlled by the standards are rotary lime kilns and the
hydrator units. - The proposed~standards are-based'on-data on emission’
control systems and methods of process opération received through (1) on-
site observat1ons of p1ant processes “and controi equipment, (2) consu1tation
‘w1th 1ndustry representatives -and control equipment vendors, (3) emi551on
tests conducted by EPA on presentIy operating rotary 11me kilns and hydrators,
\ and (4) meetings w1th the National A1r Poilution Controi Techniques Advisory
Comni ttee (NAPCTAC) | R |
. The seiection of the best system of emission reduction considering
: costs, is based on an eva]uat1on of the 1ncrementa1 1mpacts, as compared
- to a typical state standard, on air emissions, ambient concentrations,
_'air poI]ution contr01 costs, energy requ1rements water pollution probIems,
.-and,solid waste problems. The first step is to seiect the most effective
' emission-reduction'methods for each affected fac111ty The-1mpa¢ts of
the individual methods are then compared to determine the best em1551on
reduction method. The best system to contr01 particuiate matter from
Time plants is.a combination of the best emission reduction me thod or methods
for the kiln and the hydrator, since the emissions‘from each faciiity
at a Time;piant are independent of emissions:from other faciIities.
8. 3 1. Lime K11ns ' . o
~ The rotary Time k11n is the princ1pa1 source of the em1551ons of parti-

cuiate matter at a. 11me p]ant Three em15510n reduction methods were
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considered during the development of the proposed standards. Thesg three
are fabric filters (baghouses), electrostatic precipitators (ESP), and
venturi scrubbers. EPA performed source tests on rotary kilns controlled
by each one of the three control devices which show that all are capable
of meeting the particulate emission level of 0.15 kilogram per megagram

(0.3 pound of 1imestone feed using system A-1 or B-1, which were previously

discussed in Chapter 6. |
' ~The results of source tests on the scrubber-controlled rotary kiln

show that the system did not meet the lTevel of the proposed particulate
standard. The system, however, was operating at a relatively low pressure
drop; In EPA's judgment, an increase in the pressure drop through the
scrubber would increase the collection efficiency of the device sufficiently
to meet an emission rate of 0.15 kg/Mq.

The tests that were performed on the ESP- -controlled kilns are not
1nd1cat1ve of normal operation since the current trend in the 1ime manu-
facturing industry is toward the use of coal as fuel and the kilns that
were tested were fired by oil and natural gas. It is expected that thisn
use of coal would produce a more difficult control problem. However,
with proper design of the ESP, it is EPA's judament that the system could
easily meet the level of the proposed standard,

Another current trend in the industry is toward the use of drv control
systems rather than scrubbers. EPA has published effluent guidelines for,
the Time manufacturing industry that require that no discharge of water be
made from the operation. Fabric filters and ESP's have additional advantages
over scrubbers; scrubbers require about six times more enerqy to operate
and produce a é]udge rather than the dry solid collected by fabric filters

and ESP's. This sludge is more difficult to handle and properly dispose.




Additionally, the temperature'of tﬁe gases emitted from the scrubber.is 1ower
than that from either of the dry systems, and the dispersion of emissions is
not as efficient. EPA estimates that approximately 80 percent of the new
and modif?ed faciTifies subject to the proposed'standards would use a baghouse
to control particulate emissions, with the remaining 20 percent employing
:an'ESP}-'Since'no scrubbers are pkojécted to be used in the future by the
1ime manufacturing industry, the probosed standard {s not based on the uSé
of scrubbers. |

| The control costs associated with the use of a baghouse, an ESP, and
a 22;1nch“venturi scrubber are presented.in chapter 7. EPA has determined
that these costs are affordable by the industry. However, the control
tdété incurred with the use of a 22-inch venturi scrubber are higher than

the coéts associated with the use of either a baghouse or an ESP.
8.3.2 Hydrators '

Hydrétors afe another significant source of particu]ate emissions at
a 1ime-manufécturing plant. Approximately 10 percent of the 1lime produced
in the U.S. is further treated by hydration. The particulate emissions
from this operation'consist of particles of hydrated lime in a very moist
gas stream. In the domestic industry, scrubbers are generally used to 6011ect

the emissions. The captured particulate can be returned to the hydrator



along with the scrubbing water and successfully reused. The most common
type of scrubber used is a wet fan scrubber with centr1fuga1 separat1on,
although venturi scrubbers could also be used. These scrubbers are not used,
however, because of the additional energy requ1rements and operq;1ona1 costs
Baghouses have been used at a few Plants with varying degrees of success.
To allow the use of a baghouse, the exhaust gas must be supérﬁeated fﬁ order
to avoid condensation of the near saturated gas stream. This has beén shown
to be very energy intensive and sost1y. EPA feels that all hydrétors that
will be affected by the proposed standards would be 11ke1y to use a wet fan
scrubber to control particulate emissions.
The control costs associated with the use of scrubbers are bresented
in Chapter 7, and are found to be very small, The ahnua1izéd éontrol costs
amount to 4 cents per ton of hydrated 1ime, and are considered to be negligible.
Because of the significant reduction in particulate emissions and the
relatively minor associated environmental and economic impacts, EPA concludes
that the best system of emission reduction, cons1der1nq costs, for control of
particulate emissions from hydrator units at 1ime manufactur1nq p1ants is

a low pressure wet fan scrubber with centrifugal separation.
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8.4 SELECTION OF THE FORMAT OF THE PROPOSED STANDARDS
8.4.1 Rotary Lime Kilns

" The two options available for use as the format of the proposed particulate
standard'gge a concentration standard or a mass-per-unit-of-feed standard. The
format most widely used in the domestic 1ime manufacturing industry and bv
State and local control agencies is the mass-per-unit-of-feed standard. A
concentration standard would penalize the more energy efficient kiln operations.
Since reduced fuel consumption results in smaller exhaust gas vo1uhes, a
concentration standard would require the most efficient kiln operators to
achieve a higher degree of control. Normally concentration standards are
easier to enforce than mass standards. The feed rate pf the limestone into
the kiln, however, is routinely measured, allowing the emission rate in kilograms
of particulate per megagram of limestone feed (kg/Mg) to be calculated directly.
EPA has determined, therefore, that since the mass-per-unit-of-limestone
feed format is more eauitable for the lime producers, this format will be
used for the proposed standard.

8.4.2 Hydrators

The options for the format of the proposed standard for the 1ime hydrator
are also a concentration standard or mass per-unit-of-feed standard. A concen-
tration format would not be accurate for this facility, since the gas volume
from the hydrator scrubber is not proportional to the production rate and it
is not possible to prevent dilution by correcting to any specified percent
oxygen and water, The format chosen, therefore, is the mass-per-unit-of-feed
format, expressed in the units of kilograms of particulate per megagram of

Time feed (kg/Mg).

o
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8.5 SELECTION OF EMISSION LIMITS o |

The emission 11m1ts for control of particulate matter from 11me k11ns
and hydrators at Time manufacturing pTants are based on the em1ssion Teve]s
attainab]e by app11cat1on of the best system of emission reduct}gn cons1der1nq
costs. The rationale for the selection of the em1ss1on Timits of the proposed |

standards is presented in this section.

8.5.1 Rotary Lime Kilns
B Lime kilns were tested for particulate em1ss1ons at s1x 11me manufactur1ng
~ plants. Three of the facilities were contro]]ed by baghouses, two by
QeTectrostat1c precipitators, and one by a venturi scrubber.

K11n A, contro]]ed by a baghouse, was source tested by EPA Each of
.the six stacks that follow the baghouse was tested once over a three- day
period. The sum of the part1culate catch totalled about 0.23 kg/Mg (0 47
1b/T) at an average concentration of 0 034 g/std m3-dry basis (0 015 gr/
dscf). The average oxygen concentrat1on measured during the tests was
17.5 percent, o o

K11n B, controTTed by a baghouse was tested three t1mes The average
particulate concentration measured was 0.08 g/std m3- dry bas1s (0. 033 gr/
) dscf) at 7.7 percent 0p. The correspond1nq em1ss1on rate averaged 0 13
k110gram per. megagram (0.26 pound per ton),

Kiln C, controlled by an electrostatic precipitator, was tested by
EPA three times The prec1p1tator has two stacks and the data are- presented
as the average of the two. The average part1cu1ate concentrat1on measured
.was 0 0z g/std m3- dry basis (0.0068 gr/dscf) at 10.8 percent 02, wh1ch_1s
equivalent to a mass rate of 0.068 kg/Mg (0.135 1b/ton) |

Kiln D, which also uses an electrostatic prec1p1tator for contro], was
tested by EPA on two separate occasions, The first test had only two _

successfu] runs. The average concentration ¢f the part1cu1ate emissions




was 0.08 g/std m3-dry basis (0.036 gr/dscf) at 10.0 percent Op. This s
equivalent to a mass rate of 0.133 kg/Mg (0.266 1b/ton). Three test

runs were performed during the second test. The average particulate
concentri@ion was 0.07 g/std m3—dry basis (0.0303 gr/dscf) at 7.3 percent
02 which is equivalent to a mass rate of 0.141 kg/Mg (0.282 1b/£on).

Kiln E, which employs a baghouse for particulate control, has three
stacks each of which was tested twice. The average particulate concentration
recorded for all three stacks was 0.014 g/std mS-dry basis (0.006 gr/dscf)
at 13.5 percent 0. The equivalent mass rate is 0.041 kg/Mg (0.081 1b/ton).

Kiln F, which is controlled by a venturi scrubber with a pressure
drop of 3.7 kilopascals (15 inch water qauge), was also tested three times.
The average particulate concentration during the three runs was 0.06 q/
std m3-dry basis (0.027 gr/dscf) at 11.6 percent 0,. The corresponding mass
emission rate averaged 0.216 ka/Mg (0.431 1b/ton).

| Kilns A, B, and E, which were controlled by baghouses, are considered
to be the most representative of the facilities that were tested because
they were burning coal as fuel. The dust generation rates measured for

these three facilities (pounds of dust collected per pound of 1ime produced)

ranged from 22 to 25 percent. These are higher than the industry reported
averaae of about 17 percent, and therefore represent difficult control
situations.

Plant A had the highest emission rate of the six that were tested.
‘The measured oxygen concentration was also highest for this plant. For
the kilns tested that were controlled with baghouses, plant A had an
average mass emission rate of 0.23 kg/Mg while plant B and plant E had
average mass emission rates of 0.13 kg/Mg and 0.041 kg/Mg, respectively.
EPA believes that plant A does not represent best technology (considerinq

costs) since the three plants were tested under similar conditions and
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two p1ants had much 1ower em1ss1ons than p1ant A The data from the source
test on p]ant A, therefore, are not used in the se1ect1on of the proposed
.part1cu1ate standard wh1ch 1s based on’ the best system ‘of emission reduct1on
The scrubber used on K11n F 1s a]so not- cons1dered by EPA to ‘represent
best techno1oqv. The 1ow preSsure drop (15 1nches water gauge) 6f‘th1s device
_reduces the co11ect1on eff1c1ency, and the data do not support a Tow particulate

standard 1nd1cat1ve of the best svsten of emiss1on reductton. _
“"_ Consider1ng, therefore, the test data from the two baghouses and two

- ESP's that represent best contro1 techno]ogy for - part1cu1ate emwss1ons
'from rotary 11me kilns, the average emiss1ons ranged from 0 041 to 0.147
kg/Mg (0 08 to 0, 28 Ib/T) It is EPA's Judgment that the best control

_ techno]ogy is capab]e of . achlev1nq an em1ss1on 1eve1 of 0.15 ki]ograms

’ per megagram of 11mestone feed, and- the part1cu1ate standard 1s proposed
at this Tevel. RO --1:.1 S . |
8. 5 2 Hydrators ’V_p fﬁ:ee“1r- o o e S - "“dgi EREI

o Two hydrator un1ts were tested for part1cu1ate em1551ons by EPA Both
un1ts were contro]Ted wﬁth wet fan scrubbers of the type d1scussed ih
Chapter 4 (Em1ss1on Contro1 Technology) Scrubbers were 1dent1f1ed as the

dbest system of em1351on reduct1on, consider1ng costs, in sect1on 8.3.
" Emissions from un1t H-A ranged from 0.033 t0. 0. 053 kg/Mg (0 065 to

0.107 1b/ton) and averaged 0 043 kg/Mg (0 084 1b/ton) Em1ss1ons from
"un1t H B ranged from 0. 033 to 0. 087 kg/Mg (0 066 to 0. 173 1b/ton) and
averaged 0. 058 kg/Mg (0 117 1b/ton) o

| Based on these data, EPA s Judgment 1s that a we]] des1gned and operated
scrubber wou]d be: abIe to meet a part1cu1ate em1ss1on rate of 0 075 kg per
megagram (0 15 1b/ton) Th1s standard 1s supported by f1ve of the six

;test runs performed on the two hydrator un1ts The one test run that exceeds
this 1eve1 when averaged wdth any two of the rema1n1ng f1ve runs wou]d

rot cause an average that exceeds 0 075 kg/Mg
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8.6. VISIBLE EMISSION STANDARDS
The opacity level of visible emissions is an indication of the mass
concentrq§1on of a particular pollutant. Various stqdﬁes have shown'

, that Opééaty varies directly with mass concentrations of particulate
matter. The applicability and enforcement of opacity standards related
to particulate matter have been established in several court cases for
facilities subject to new source performance standards (NSPS) under

section 111 of the Clean Air Act.

Opacity standards help to assure that emission control systems are
properly maintained and operated so as to\comp]y with mass emission
standards on a continuous basis. Opacity test methods are quicker,
easier to apply, and Tess costly than concentration/mass tests for particu-
1ate.matter. Since EPA considers opacity standards to be a necessary
supplement to particulate mass emission standards, opacity ]gvejs are
established as independent enforceable standards.

Where both opacity and concentration/mass standards are applicable .
to a given source, EPA establishes opacity standards for new source
performance standards that are not more restrictive than the corresponding
concentration/mass standard. The opacity standard is generally achievable
if the source is in compliance with the concentration standard. In specific
cases where it can be demonstrated that the opacity standard is being
violated while the particulate standard is being met, provisions for
individual review are included in Method 9 (39 FR 39872).

Visible emission data were obtained during the development of the
proposed standards at seven lime kilns, and at two hydrator units during

the time that particulate mass/concentration tests were being performed.




8.6.1 Lime Kilns
Visible emissions data were obtained during particu]éte tests on lime
kilns at five plants. Two of the plants used béghouses for control, two
used electrostatic precipitators, and one used a scrubber. AT1 of the -
1056 six-minute averages were obtained as specified in EPA Reference
Method 9. The diameters of the stacks that were observed and tested
Varied from 1.3 to 2.7 meters and the recorded data were normalized

to a 3.0 meter stack diameter to take this variation into account. The

averages range from a low of zero percent opacity at a mass concentration

of 0.011 g/std. m3-dry basis (0.005 gr/dscf), corrected to zero percent o¥ygen
concentration, to a high of 10.6 percent opacity at a mass concentration

of 0.24 g/std. m3-dry basis (0.105 gr/dscf) (zero percent 02). A summary of the
distribution of the normalized visible emissions data is presented in

Table 8-1. Over 67 percent of the six-minute averages were equal to

zero and over 82 percent of the averages were Tess than or equal to

five percent opacity. Only 0.4 percent of the normalized averages exceeded

10 percent opacity. The highest single aVerage read was 10.6 percent

opacity. EPA therefore believes that the best system of emission reduction
that is achieving a particuTate level of 0.15 kg/Mg would eési1y-meet

a visible emissions level of 10 percent opacity.

The purpose of proposing an opacity standard is to ensure continuous
compliance with the particulate standard. The level should therefdre be
selected to reflect the use of the best control technology. The best control
system was identified in section 8.3 to be a baghouse or an electrostatic
precipitator. The use of one of these control devices would limit particulate
emissions to bg1ow 0.15 kg/Mg (0.3 1b/ton). At an average volumetric
flow rate and zero percent oxygen concentration, this emission level would
produce a concentration of about 0.14 g/std. m3-dry basis (0.06 gr/dscf) and

result in consistently low opacity levels.

| 8-20 ,
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The proposed visible emissions standard of 10 percent opacity takes into
account the range of the data base and would require that the best control
devices be properly installed, maintained, and operated on a continuous basis.
Although EPA projects that baghouses and ESP's will probably be used, a
scrubber with a sufficiently high pressure drop could also be used to meet
the level of the proposed particulate standard. When a scrubber is used,
however, the opacity of the emissions from the stack must be observed at a
portion of the plume where condensed water vapor is not present. EPA believes
that due to enforcement difficulties an opacity standard would not be effective
in this case, and therefore is excluding rotary lime ki]ns controlled with

scrubbers from the proposed opacity standard.

8.6.2 Hydrators

Observation of visible emissions were attempted during particulate
testing on two hydrators. Due to the presence of large steam plumes
from the scrubber stacks, only one hour of readings could be taken from
one unit and no readings were taken on the second. The readings that
were observed are not considered to be accurate enough upon which to base
an opacity standard for this facility because of the dispersion due to the
trailing steam plume. EPA believes that a standard would be ineffective
due to enforcement difficulties, and is therefore not at this time proposing

an opacity standard for hydrators.
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8.7 MODIFICATION AND RECONSTRUCTION CONSIDERATIONS

The proposed standards apply to all rotary lime kilns and hydrators
at Time plants which are constructed or modified on or after the date of
proposal. Provisions for modification and reconstruction are discussed
in Chapter 5 along with the various physical and operational changes that
are expected to occur at lime plants.

Four cases were considered for possible modifidation and reconstruction

of lime kilns. These are:
(1) Conversion from natural gas or fuel oil to coal firing;
(2) Addition of a stone preheater to an existing kiln; _
(3) Addition of internal bottles to an existing kiln to improve fuel efficiency;f
and (4) Expanding the capacity of the production 1imiting component F
of the facility (debottlenecking).
There appears to be no technical basis for excluding any of the
above cases from the modification and reconstruction provisions of the
regulations. In all cases, the costs and economic impacts associated
with the control of the increased emissions have been judged to be
affordable. The basis }or judging the affordability of each case is
presented in detail in chapter 7, Economic Impact. No speqia] allowances
or exemptions are proposed for the cases considered.
No cases of modification of hydrators have been considered since it
is assumed that the units would either be reconstructed or replaced entirely
at the end of the service life. Should the addition of replacement parts
which cost more than 50 percent of the cost of a new unit be made, then the
reconstruction provisions would apply, and the proposed standard of 0.075

ka/Mg (0.15 1b/ton) would be applicable,
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- 8.8 SELECTION3QF,MQNIT0RfNG REQUIREMENTS
Under section 114(a) of the Clean Air Act, the Administrator
- may require_the ownér or operator of any stationary emission source
to install, use, and maintéin monitoring equipment or methods. EPA has
exerc159d this authority in the standards of performahce for several
- source categories by requfring the monitoring 6f pollutant emissions

_or parameters that are indicators of pollutant emissions. The requirements

for continuous monitoring are necessary to determine if a control device
is being properly operated and maintained. It also aids in determining

. when and if a performance test should be required. The costs of purchasing,
installing, and operating the monitoring devices must be considered
reasonable and affordable.
8.8.1 Lime Kilns

Particu1ate emissions from rotary lime kilns at lime plants are controlled

with baghouses, electrostatic precipitators, or scrubbers. All three
devices have been identified as representing the best control technology,
considering costs, and capab1e of meeting the proposed standard of 0.15
ka/Mg (0.3 1b/ton). Opacity monitoring systems are well demonstrated on
sources ysing these types of control systems as being effective for insuring
proper opéfatibn‘and maintenance and the costs are considered reasonable for
lime plants; therefore, the use of a continuous opacity monitor is required

for Time kilns.

Visible emissions are more difficult to record on facilities using
scrdbbers for control due to the presence of entrained water drop1ets in
the siack and the corresponding steam plume. This causes an error in
meaSurement which cannot be quantified and which would make the recorded

data questionable. Therefore, continuous monitoring of plume opacity

from the 1ime kiln will not be required when a scrubber is used as the
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control device. There are, however, other methods of monitoring the proper
operation and maintenance of the scrubber. The pressure drop across the
scrubber and the 1iquid flow rate are indicators of the scrubber performance.
The proposed regulations, therefore, require the use of monitoring devices
to continuously record the pressure drop and the scrubbing Tiquid supply
pressure to the control device. The performance of the scrubber could
then be judged at any time by comparing the values of the pressure parameters
with the values at the time the performance test was performed.
8.8.2 Hydrators

Particulate emissions from hydrators will be controlled with a scrubber
to meet the proposed standard of 0.075 kg/Mg (0.15 Tb/ton). Due to the-
large attached steam plume from the scrubber stack, visible emissions
readings could not be accurately recorded during the source tests. There-
fore, no opacity standard is proposed for hydrators. Monitoring of the
operating parameters of the scrubber, however, presents a good indication
of scrubber performance. The proposed requlations therefore require the
monitoring of the water flow rate to the scrubber and of the electiric
current in amperes used by the scrubber. The operation'of‘the'scrubber
may then at any time be compared to the operation during the original
performance test.

8.8.3 Excess Emissions

As specified in sections 60.7(b) and (c) of the regulations (Notification
and Recordkeeping), the operator of any source subject to the proposed
standards would be required to maintain records of the occurrence ahd -
duration of any periods of start-up, shutdown, or malfunction in the

operation of an affected facility, ahy malfunction of the air po11uti6h'
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control equipment, or any periods during which a continuous monitoring system
or monitoring device is not operating. A1l excess emissions as defined

in the apnlicable subpart must be reported to EPA for éach calendar quarter.
Generally, excess emissions are defined in terms of the applicable standards
as discussed below.
Lime Kilns

Excess emissions of . opacity from a Time kiln are defined as all $ix-

minute average opacity values that exceed the proposed standard of 10 percent
opacity, excepf thosé occurring during start-up, shutdown, or malfuhction
of the facility or control device. The analysis of the opacity-data
recorded by EPA indicates that less than 0.5 percent of al] six-minute

average opacities will exceed 10 percent when the particulate standard
| is being met. Where scrubbers are used, owners or operators are required
to maintain records of the pressure drop in the gas stream and water supply
pressure .to the scrubber for a perfod of two years; howevef, excess emission
reports are ndt required,
Hydrators

No definition of excess emissions from hydrators is included in the

proposed regulations since no opacity standard has been developed.
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- 8.9 SELECTION OF PERFORMANCE TEST METHODS
The test methods for the measurement of particulate matter from lime
kilns and hydrators at Time manufacturing plants are specified for determining °
‘compliance with the proposed standards, EPA Reference Method 5 was used to
gather the particulate emissions data from the six kilns and the two
hydrators that were tested. EPA Reference Method 9 was used to gather the
1056 six-minute average opacity values that were used to support the proposed
visible emission standard for rotary lime kilns. In addition, EPA Reference
Method 2 for velocity and volumetric flow rate, Reference Method 3 for gas
analysis, Reference Method 4 for the determination of stack gas moisture,
Reference Method 6 for SOp, Reference Method 7 for NOy, and Reference Method
10 for CO were used to develop the data base. A1l of these standard
Reference Methods have been applied to other stationary source categories
for which standards of performance have been promulgated, and have been
published in Appendix A to Part 60 of the Federal Code.
Method 5 and Method 9 are sufficient to determine compliance with the
proposed particulate und opacity standards. Therefore, they are specified
in the regulations as the required performance test methods. Method 1,
Method 2, Method 3, and Method 4 are also required to supply the additional

data necessary to determine compliance with the proposed standards.
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APPENDIX A, EVOLUTION OF THE.PROPOSED STANDARDS

A1 LITERATURE REVIEW
- Available 11terature was rev1ewed to gather background 1nformat1on on
;the 1ndustry and its progress in contro] of its air po]lut1on em1ss1ons
A pr1me 11terature source was the Air Po]]utlon Techn1ca1 Informat1on Center,
EPA wh1ch rout1ne1y abstracts and catalogues 11terature re]ated to air
: poI]ution. Other sources were periodicals on air po]]ut1on and the industry,

meetings of technical societies and pertinent textbooks.

A.2 SELECTION OF PLANTS FOR -SOURCE SAMPLING

As a consequence of reviewing the literature_and-contactingwseveral
representatives of the lime industry several plants were identified which
were reported to'effectively control emissions from rotary lime kilns and
lime hydrators. Thirty nine plants were subsequently visited by the EPA
and its contractors. During the visits, the visibility of emissions was
evaluated and information was obtained on the process and the equipment used
to control emissions. Six of these plants were deemed to employ best systems
of emission reduction for rotary lime kilns and two plants had lime hydrators
with siﬁi1ar well-controlled emissions. A1l of these plants were source tested
and the results of these tests are found in Appendix C. Two additional plants
burning high sulfur coal in five rotary kilns were located and source tested

for SOp emissions. The results of these tests can also be found in Appendix C.
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The capacities of the rotary lime kilns tested ranged from 240 to 720
tons of product.pér day. This size range is typical for the lime industry.
The hydrators that were tested were also typical of the industry, ranging
from 17 to 22 tons per hour of product. Although many of the facilities
were rather old, the long rotary kilns and hydrators tested are the same
as ones that would be built today. -

In addition to the information provided by the EPA source tests, this
report also includes emission data from other tests. These plants were |
sampled in accordance with EPA techniques. This data is included to further

prove the effectiveness of the control techniques.

A.3  CHRONOLOG

Date Activity
October 37, 1973 Visit to Bethlehem Mines 1lime plant in

Annville, Pennsylvania.

November 8, 1973 Visit to Pfizer Time plant in Gibsonburg,
Ohio.
‘January 22-24, 1974 Emission testing at Bethlehem Mines Corpor-

ation, Annville, Pennsylvania, lime plant.

January 31, 1974 Visit to Basic lime plant in Port St. Joe,
Florida.
February 8, 1974 Visit to Woodville Lime and Chemical Company

plant in Woodville, Ohio.

February 12, 1974 Visit to the Flintkote Company Time plant in
Industry, California.

February 13, 1974 Visit to the Flintkote Company 1ime plant

in Henderson, Nevada.
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February 26, 1974
February 21, 1974
March 18, 1974
April 9, 1974
Aprj1 15-18, 1974

‘April 22-25, 1974

~ April 30-May 3, 1974

May 14, 1974
.May 20-21, 1974
June 10-13, 1974
July 2, 1974
July 8-10, 1974

August 6-8, 1974

Visit to Dow Chemical Company lime plant

in Freeport, Texas.

Visit to Alcoa 1ime plant in Port Comfort,
Texas.

Section 114 letter sent to Mr. Leedecker of
Bethlehem Mines Corporation.

Visit to Marblehead Lime Company plant in
Gary, Indiana.

Emission test at The Flintkote Company lime
plant in Industry, California.

Emission test at The Flintkote Company 1lime
plant in Henderson, Nevada.

Emission test at Dow Chemical Time plant

in Freeport, Texas.

Section 114 response received from Mr, Leedecker
of Bethlehem Mines Corporation.

Emission test at Woodville Lime and Chemical
Company plant in Woodville, Ohio.

Emission test at Marblehead Limé Company
plant in Gary, Indiana.

Section 114 Tetter sent to Mr. Mathew of
The Flintkote Company.

Emission test at Woodville Lime and Chemical
Company plant in Woodville, Ohio.

Emission test at Woodville Lime and Chemical

Company plant in Woodville, Ohio.
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September 4, 1974

September 4, 1974

October 8, 1974

QOctober 14, 1974

October 23, 1974 - . .

. February 28, 1975

March 12, 1975
March 13, 1975 -
: March 14, 1975
March 17,.1975
March 27, 1975 .
April 4, 1975

April 11, 1975

Section 114 letter sent to Mr. Jorgensen.

of :Marblehead Lime Company.

Section 114 Tetter sent to Mr. Laman of

- Dow Chemical Company.

Section 114 response received from Mr. Laman

.of Dow Chemical Company.

Section 114 response received from_Mr..Mathew

~of The Flintkote Company.

- Section 114 response received from -

Mr. Jorgensen of Marblehead Lime Company:

Section 114 letter sent to Mr. Campbell of

Bethlehem Mine Corporation.

-Visit to Allied Products Company 1ime p1éht

in Montevallo, Alabama. .

Visit to Austin White Company lime plant in

McNeil, Texas.

-~ Visit to Texas LimE'piant‘in'C1eburhe,
. Texas.

. Visit to The Flintkote Company lime plant
_in-Ne1son, Arizona.
- Section 114 response received from

‘Mr. Campbell of Bethlehem Mines Corporation.

Settion 114 letter sent to Mr. Jorgensen

- of Marblehead Lime Company.
Meeting with Woodville Lime and Chemical

.- Company to discuss results of emission

testing.
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May 12, 1975

May 27, 1975

June 19, 1975

- June 23, 1975

June 26, 1975

June 25, 1975

July 21, 1975

August 6, 1975
September 8-14,17, 1975
September 15-17, 1975
September 23, 1975
November 4, 1975

November 5, 1975

Section 114 letter response receiyed from
Mr. Jorgensen of Marblehead Lime Company.
Section 114 letter sent to Mr. Tadsen of
Woodville Lime and Chemical Company.
Section 114 letter sent to Mr. Wilson of
Allied Products Company.

Section 114 letter sent to Mr. McCandlish
of The Flintkote Company.

Visit to Allied Products Company lime

plant in Montevallo, Alabama.

Visit to Martin Marietta Chemi§a1s Ca]efa,
Alabama lime plant.

Section 114 response received from ’
Mr. McCandlish of The Flintkote Company.
Visit to Huron Lime Company lime plant in
Huron, Ohio.

Emission testing at Martin Marietta Chemicals
Calera, Alabama, lime plant.

Emission testing at Allied Products Company
Montevallo, Alabama lime plant.

Meeting with Florian Schwartzkoph of
Kennedy Yan Saun.

Visit to Bethlehem Mines Corporation lime
plant in Hanover, Pa.

Visit to Warner Company lime plant in

Bellefonte, Pa.
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November 11, 1975
November 12, 1575
December 2-9, 1975
January 27, 1976
January 27-31, 1976
Febru;ry 4;.1976
Februgry'11, 1976

March 9, 1976
March 18, 1976

April 30, 1976
May 19, 1976

June 30, 1976

December 21, 1976

February 11-18, 1977

Visit to J. E. Baker Company lime plant in
Millersville, Ohio.

Visit to Martin Marietta Chemicals Woodville,
Ohio lime plant.

Emission test at J. E. Baker Compahy |
Millersville, Ohio lime plant.

Section 114 response received from Mr, Wilson
of Allied Products Company;

Emission test at Martin Marietta Chemicals
WOodvfIIe, Ohio Time plant.

Section-114 response received from Mr. Tadsen
of Woodville Lime and Chemical Company.
Meeting with the National Lime Association

in Durham, North Carolina.

_WOrking Group Meeting held in Durham, N.C.

National Air Pollution Control Techniques
Advisory Committee Meeting.

Meeting held with National Lime Association.
Meeting held with the National Lime
Association in Washington, D.C.

Meeting held with the National Lime
Association, Marblehead Lime Company,

and Pfizer Lime Company in Durham, N.C.

EPA Working Group reviewed the proposal
package in Durham, N.C.

Review of the standards package by the EPA

Steering Committee in.Waﬁhington, D.C.
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APPENDIX B
INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS

This appendix consists of a reference system,'cross-indexed with

the October 21, 1974, Federal Register (39 FR 37419) containing the

Agency guidelines concerning the preparation of Env1ronmenta1 Impact
Statements. Th1s index can be used to 1dent1fv sect1ons of the
“document wh1ch contain data and 1nformat1on germane to any port1on

of the Federal Register guidelines. - -
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APPENDIX C. SUMMARY OF PARTICULATE
AND GASEOUS EMISSION TEST RESULTS
A brogram was undertaken by EPA_to evaluate the particulate control
techniques available for installation on new or substantially modified rotary
Time kilns and lime hydrators. Information was obtained from the literature,
contacts with companies which manufacture lime, and control agencies. The
results of particulate and gaseous emission tests at five plants which produce
Time in rotary kilns are included in this s&ction. An additional two plants
burning high sulfur coal were tested for SO2 emissions only. The results
of particulate emission tests on two lime hydrators tested by EPA and one
tested by plant personnel are also included. A1l of these plants were typical
of modern installations and used best technology for control of particulate
emissions. The rotary Time kiln control devices sampled for particulates
were also tested for carbon monokide, nitrogen dioxide, sulfur dioxide,
and visible emissions. The rotary kiln test results are summarized in
Table C-1 through C-3 and the complete results are in Tables C-4 through
C-51. The hydrator emission tests are summarized in Table C-52 and the
complete results are in Tables C-53 through C-55. Emission tests performed
on the Plant A baghouse are included at the end of Appendix C because the

test results (Table C-56) seem questionable. Visible emission results are

in Table C-57 to C-63.
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Plant B '

The exhaust gases from the. rotary k11n are cooled by water sprays prlor

“to enter1ng an American Air Fi1ter Co baghouse The klln is coal fired and

has a rated 11me product1on of 650 TPD ‘Two of - four: baghouse stacks. were tested

_three tlmes on consecutlve days by the EPA contractor. Plant personne] tested
| 5the other two stacks during the same t1me per1ods EPA Method 5 was used during
"test1ng ResuTts of the pTant personne] tests were contafned 1n a 114 letter '

""response. The comp]ete resu]ts of the EPA testing are shown 1n Tab]e C-4 and

these resu]ts are averaged with the p]ant personne1 resu]ts to arr1ve at the

“*"_total emissions CTab]e c- 5) Ki]n production rema1ned steady at 720 tons/day

dur1ng the samp11ng per1od and the baghouse pressure drop was from 4, 1 to 4.4

'fwtl This product1on rate is 111 percent of the rated capac1ty for the ki]n.
"'Results of the tests showed that the baghouse is an effective contro] dev1ce
| Teven when a p1ant is operated over rated capacity Vis1b1e emiSS1ons averaged
- zero. throughout each test w1th only a few opac1ty read1ngs of 5 The compTete

B v151b1e emissions resuTts are shown in Tab1es C 6 through C- 11

Plant 8 Baghouse -f

Type - Pressure Baghouse

‘Manufacturer - American Air Filter _

Bag Material - Silicon & graphite finished fiberglass fabric

No. of Compartments - 14 compartments with 60 bags in each compartment
No. of Stacks - 4 - |

~.-. Design Pressure Drop - 8 I.W.C. maximum

Cloth Area - 80,108 ft2 . ... |
:_-Bag CTean1ng - Reverse air f]ow (one compartment at a tlme)
__Cloth Area. (QPQP?U.'.‘Q),‘“- 74,386 ft2 - . _
. Fan-Design - 126,000 ACFH @ 550°F
| ,-oes_igh-- Air to C'I'oth_Rati'Q - 1.7:0 o




P]ant C R
. Three rotary k11ns process dolomitic 11mestone 1nto qu1ck11me wh1ch is
" thien s]aked.tq the'hydrate and‘USed.to.preCLpltate magnesium hydroxide From
e sea»weﬁeﬁ:” The u]timatenproduct which is derived after additiona]-pfocesﬁing
- ¥s magnestum metal. . The kilns are fired by natural gas and have a design

capacity of 250 -tons per day each. DUring-normaI operation only two of the

- kilns are used.” Exit gas: from ‘the Kilns is cooled. by water sprays, enters a

"/ common ‘plenum, and is then distributed to the two. chambers of ‘an electrostat1c

‘.precipitator.

" The two sfaeke from -the ESP were sampled sihu]taﬁeouS]y;] Pfeduction from
“- the two kiTns.controlled by the ESP was steady at about 485 tohs/qexhwhich is
97 percent of tie maximum design production of 500 tons/day. Each of the three:
vtests yie]ded fair]y consistent results which shows that the ESP is. ach1ev1ng
excellent: part1cu1ate emission: contro] These-results-arevsummarjzed;]n,Table
“€-12. Visible ennssnons.data obtained throughoutfihe-testfperiqqs are:§hown
in Tabies Cé]3:threughgc-24.~_The"epacities'were,]ess.thah 5-pergenﬁlthroughout

most of the testing,

Plant C Electrostatic Precipitator -
| Type .- Positive Pressure
Manufacturer - Western Precipitation Division
Plate Area - 72,576 ft2 total
No. of Chambers - 2
No. of Fields - 3. |
Design Res1dence Time (For 3 kilns) - 7.06 sec. _ o
Pressure Drop - 2 I.W.C. (Maximum 1nc1ud1ng inlet and stack)
 Flow Design - 225,000 ACFM @ 500°F with 3 kilns operating . .'

Cleaning - NAVCO pneumatic rappers
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Guaranteed Efficiency - 99%

Design Plate Area per 1,000 ACFM - 323 £t2/1,000 ACFM

| Operating Residence Time (For 2 kilns) - 7.59 sec.

Operating Plate Area per 1,000 ACFM - 347 £t2/1,000 ACFM
ﬁ]ant D

This facility's rotary lime kiln processes dolomitic stone and operates
on a mixture of Number 6 fuel oil and natural gas. A majority of the line is
used in BOF furnaces. The kiln has a design production rate of 350 tons per
day. Exit gas is cooled using a combination of water injection and tempering
air before entering a Buell electrostatic precipitator. _

The first test attempted on this Time kiln ESP occurred.on'May 20 and
21, 1974.' Process operational problems and ESP maintenance difficu]ties.
resulted in high emissions and cancellation of the test program. Opacity
readings were taken and ranged between 10 and 40 percent. A Lear Sieq1ef
anSfack continuous visible emission monitor was used and measdred opacitiés
raﬁging from 10 to 20 percent.

The second group of tests was conducted on July 8, 9, and 10. 'Testihg
prdb1ems on July 8 made the results of the tést highly questionable (a probé
glass liner tip was found to be broken which may have resulted in obtaining
emission values that were too high). The second and third tests encduntered
no difficulties and opacity readings normally ranged from O to 5 percent. A
test data is shown in Table C-25 and the'opacity»data is shown in Table C-26
through C-31. The plant was operating at 106 percent of capacity during
testing.' A fourth test, intendhd to replace the questionable values obtained
during the first test, was attempted on July 10 and 11. This test was never
completed because stack opacities rose to the 15 and 20 percent range. The
kiln was shut down and an inspection of the ESP revealed that the charge plates

were covered with 1 inch of a substance which was reducing the collection
C-4 |




efficiency. Cleaning the plates would require shutdown of the kiln for a week
so testing was stopped.

The last test program was performed on Auqust 6, 7, and 8, 1974. Emissions
from the first run were greater than the second and third runs. This was
attributed to some process adjustments which were made during the first test.
These results are summarized in Table C-32. During the first test run most
opacity readingé'wera'S percent with some readings of 10 percent. During the
Tast two tests no problems occurred and the opacity values were 0 to 5‘perceht.
The: opacity data are summarized in Table C-3 and all of the opacity data is
shown in Tables C-33 through C-38. |

‘Lime production during the three test programs was as follows:

Tests 5/20-21 - 350 tons/day
Tests 7/8-10 370 tons/day
Tests 8/6-8 300 tons/day

The production drep (to 86 percent of capacity) during the last test was not
realized until after testing has been completed. Average emission concentrations
from the July and August test programs are about the same.

Plant D Electrostatic Precipitator -

" Type - Positive Pressure

! Manufacturer - Buell Engineering Company

Plate Area - 28,800 ft2

No. of Chambers - 1

No. of Fields - 2

. Design Residence Time - 10.0 sec.
.Pressure Drop - 0.3 IL.W.C.

- Flow Design - 64,984 ACFM @ 600°F
Cleaning - Buell electromagnetic rappers

‘Guaranteed Efficiency - 99.7%
c-5




Design Plate Area per 1,000 ACFM - 443 £t2/1,000 ACFM

Operating Residence Time - 9.4 sec. |

Operatlng Plate Area per 1,000 ACFM - 437 ft2/1 000 ACFM
Plant E

This facility's rotary lime kiln was source tested. The kiln has a nominal
design capacity of'264 tons per day of high calcium 1ime which is used in the
‘paper and puip industry. The kiln off-gas is coo]ed by an atom1zed water spray
and then ducted to the American Air F11ter baghouse.

Each of the three baghouse stacks was tested-twice During the'tesfing
the kiln product1on was a steady 240 tons per day, or 91 percent of the rated
capac1ty. V1s1b1e em1ssion readings were taken dur1ng the test1ng and they
were almost always zero. These results are shown in Tables C-40 through C-47.
Simultaneous sulfur dioxide tests were performed with EPA Method 6 at the inlet
and eut1et to the baghouée in an attempt to determine tne effect the baghouse
had onlsoz. These tests proved inconclusive eince only one.outlef test yielded
results. ‘Tests performed with Dynascience contfnuous gas monitpr showed‘an
~ approximately 40 percent reduetion in S0, across the baghouse. A:cemp1ete
‘snmmary of the emission test results is shown in Table C-39.

Plant E Baghouse -

Type - Pressure Baghouse

‘Manufacturer - American Air Filter Corporation, in operation March 1975
Bag Material - Silicon & graphite finished fiberglass fabric

No. of Compartmentss-vﬁ compartments with_72_bags in each'compartnent
No. of Stacks - 3 |

Design Pressure Drop - 2.5 L.W.C.

Cloth Area - 41,196 ft2

Bag Cleaning - Reverse air f]qw (one compartmen;_at a_time)

Cloth Area (operating) - 34,330 ft2

c-8




Fan Design - 65,000 ACFM (25Q tp. @ 880 RPM)

Design Air to Cloth Ratio - 1.89:1
Plant F

The,rotary']ime kiln was source tested. The kiln has a rated
production éapacity_of 650 tons of high calcium lime per day. Emissions are
_cqntro11ed by 12 Buell cyclones and dual ASE, Incorporated venturi water
scrubbers. The kiln off-gas is caoled by an atomized water spray. The exhaust
.from the dual venturi scrubbers is sent to cyclonic separators and is then
reunited and vented to the atmosphere through a single stack.. This stack
was tested three times using EPA Method 5.

The stack was tested over a 3 day period. The_ki]n production
was steady at 620 tons/day which is 95 percent of the maximum design capacity
for'the_ki1n. The results of this test show the particulate removal efficiency
of a 15 I.W.C. water scrubber. Three simultaneous inlet and outlet SO; tests
were attempted but problems were encountered in the 502 testing and only one
of the six tests yielded any results. A summary of the emission tests is
shown in Table C-39. Visible emission readings were attempted during the
pafticu]até testing but the large steam plume made it impossible to make any

meaningful readings. A summary of the opacity readings is shown in Table C-49.

Plant F Venturi Scrubber -

Type - Dual Venturi Water Scrubbers

Manufacturer - ASE, Inc. installed Nov. 1973

Design Préssure Drop - 15 L.W.C.

Design Throat Water Flowrate - 80Q gallons per minute per throat
Air Flow Rate - 91,000 ACFM @ 650°F per venturi throat

Type Precleaners - 12 Buell cyclones

c-7




 Plant §

“This. faC111ty has 2 rotary lime kilns, one designed to produce 350 tons .of
lime per day and another designed to produce 280 tons of dead burned dolomite:
(DBD) per day. The fuel for these kilns is h1gh sulfur (3.53 and.Z%QG%‘S) it
coal, Beth kilns are contrglled by identical Air Pollution Industries water .
scrubbers and their products are used in the steel 1ndustry There 1s o
cooling or precieaning of the kiln off-gas before it reaches the scrubbers

Six EPA Method 6 tests were run at the inlet and outlet of each k11n -
The tests on the DBD kiln were run 51mq1taneous1y. The 11me kiln was produc1ng
---320 tons of Time per day during the outlet testing and the DBD kiln was;produC1ng
280 .tons per day during_its testing. Np visib]e emission readings werelperfqrmed
during the testing, A complete summary of the S02 testing_ishfbund:in Teb1e
C-40. | |

Plant G Venturi Scrubber -

Type - Venturi Water Scrubber
~Manufacturer - Air Pollution Industries, Inc.
- Design Pressure Drop - 15 I.K.C. . |
- Design Throat Flow Rate - 2200 gpm
Design Air Flow Rate - 62000 ACFM @ 160°F
Precleaners - None
Guaranteed Efficiency - 0.39 gr/DSCF @ 70°F
Plant H o R
- This facility has three rotary kilns whose off-gas is ducted to 6ne’22w
compartment baghouse Two of the kilns process do]om1t1c 11mestone to produce
_.720 and 960 tons of lime per day, respectively, for use in the stee1 1ndustry

Each has a Kennedy Van Saun stone preheater and 21 Research Cottre11 Mu1t1c10nes

C-8 -
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The -preheater and cyclones cool thg off-gas sufficiently for cleaning in the
baghquse. The third kiln produces 400 tons per day of DBD. There is no. preheater
but there are Western Precipitation cyclones and tempering air can be added to

the kiln off-gas before it enters the baghouse. All of the kilns are fired

by high sulfur (2-3% S) coal.

Inlet 502 testing was attempted by both EPA Method 6 and continuous
1nstrumehta1 S0, analyzers. Most of the results obtained were questionable
due to lime dust interference, but the indication from the tests was that
most of the S02 was from the Number 6 (DBD) kiln. EPA Method 6 testing
on the DBD kiln gave 833, 74 and 78 parts per million (ppm) SOz, and the continuous
monitor gave concentrations ranging from 580 tc 1300 ppm. During the baghouse
testing, the concentration at the DBD inlet ranged from 373-416 ppm. The

'_ highest recorded SOz from either of the lime kilns was 200 ppm, and the
concéntration averaged around 130 ppm. During the outlet testing, the inlet
SOé concentrations from the lime kilns was negligable according to the
instruments, but this was probdb1y due to lime interference with the instruments.
Based on the limited amount of inlet data available, the indication is that
over hé1f of the S02 in the baghouse came from the DBD kiln and the rest was
from the two Time kilns.

Sjmu1taneous EPA Method 6 S0 tests were performed on six of the 22
baghodse stacks during each outlet sampling period. Six of these runs were
pefforméd over a two day period while the plant was operating normally for a
total of 36 SOp tests. Sampling difficulties invalidated 2 of the 36 tests.

At least one test was performed on each baghouse stack. The results were
averaged to arrive at the 30, emission rate for the three kiln-baghouse systems.
A summary of these tests is shown in Table C-51. The three kilns operated at
ovér 93 percent of capacity during testing.. No visible emissions were seen

o '“om_the baghouse during the entire week of the testing.

P
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P1ant H Baghouse *f’”"-?: ‘.ihw.t‘w? AR '-'f.u'_tf*”.ya ;i;'
| Type - Pressure. ‘Baghouse - Sl - “ ‘;
| Manufacturer - Western Prec1pitotfon. Tn'dperationtdune;1975gif_t S
Bag Materid] - Graphite;'silicon and:tefTonrcoeted giass. '.: ‘giyu;}i{:
W'No ‘6f:Compartments = 22 compartments w1th 672 bags -in. each compartment
No. of Stacks: - 22 ‘ '
| _*Des1gn=PressurewDropfé‘B*I;Nttga 3 R
© i CToth Area;;w214;353*ft2a:c«x: R T A
'Bagdc1eanin§dh¢ReVerse air flow: (one compartment at a time) ... .:.:, <
" Cloth Area” (operating) - 194,880 .« = ... -
Wb;siganirtto‘tloth Rétio“—“2;0d$1'CIeening 2.24:1
e Design 2/~ 115,000 ACFM, 1000 Hp @ 500°F
R -»*19;600‘ACFM, 1100 Hp' @ 550°F

ﬂ c 2 LIME HYDRATION FACILTIES
-P1ant H-A | |
| This fac111ty produces ca1C1um hydrox1de 1n a ca1c1t1c 11me atmospher1c
'hydrator. The plant. 15 des1gned $0 that 14 tons per hour of 11me 1s
hydrated 1nto 17 to 18 tons of hydrated Time, The entra1ned part1cu1ate is
scrubbed out of the gas stream in a Ducon UW-4 Dynamic Water Scrubber. Twenty
ga]]ons of water per minute are used to scrub the partlcu1ate out of the off-
gas stream and are then fed into the pug m111 premixer as part of the s]ak1ng‘-
water., The gases out of the scrubber have. 40 percent mo1sture content

Three particulate tests were performed at the hydrator stack. T€5t5j1
and 2 were of four hour durat1on and. test 3 was two hours lang. The plent‘ .

. was 0perat1ng at capaC1ty throughout the testing. V1S1h1e emission deta‘were

c-10
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recorded for one hour during the third test but no v1sib1e emissions were
discernable due to the large steam plume. The emission data 1s shown in Tab1e
C-53 and the opacity data is shown in Table C-54.
Plant H-B o o | |

- This féc1lity'i§'designed'toﬁproduce 22 tons per hour of\high.Ca1CiUm
hydrated lime from 18 tons of 1ime feed in an atmOSpher1c hydrator., The
hydrator off-gas is scrubbed in a Ducon Ud-4 Dynamic water Scrubber Twenty
ga]lons of water per mlnute is fed to the ‘scrubber fan to remove the. particulate.
The off—gas of.the_scrubber has a 28 percent moisture content. -
. Three 128 mihufe EPA Method 5 particulate tests were performed on-the
hydrator stack. During testing"the p1ant'was10peﬁating at capacity. The
results of the em1ssaon test1ng are shown in Tab1e C-55. .The'farge S£éém.p1ume
| and the overcast background durlng the partlculate test1ng made it very difficult
| to_dlscern v1s1b1g.em15519ns. For this reason no. v151b1e emission data were

rgcgrdagllﬂ
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Table C-1
Rotary Lime Kilns
Summary of Particulate Test Results

Plant | - B C p(1)  D(2) E F

Stone Feed Rate- 60  40.4 32,6  26.3 19 51.6
tons/yr _ : _

Product TPD _ 720 . 485 370 300 226 520

Control Equipment Baghouse  ESP . ESP “Baghouse Scrubber

Fuel Coal Gas 011 & Gas Coal  Coal &

Stack Effluent _ _ Gas
Flow Rate-ACFM 133,700- 180,000 68,800 65,900 48,100 137,000
Flow Rate-DSCFM 72,400 92,500 28,000 28,000 - 30,900 95,100
Temperature-°F - 372 394 - 672, 642 270 149
Water Vapor-Vol % 153 18.0 1.8 105 10.5 19.8
C02-Vol % dry 19.3 9.5 20.3 20.7 9.2 12.9
0,-Vol % dry 8.1 10.8 10.0 7.3 - 13.5 11.6
CO-Vol % dry 0 0 0 0 0. 0
N, & other gases 72.6 79.7 69.7 72.0 77.3 75.5

Vol % dry _

Particulate Emissions

Probe & Filter Catch

gr/ACF - 0.012  0.0035  0.015 0.0120 0.0038 0.0190
gr/DSCF 0.022 '0.0068  0.036  0.0303 0.0059 0.0274
/e 3.3 547 87 742 156 22.26
1b/ton of feed 0.222  0.135  0.266 0.282  0.081 0,431
ko/Mlg ton of feed  0.111 © 0.068  0.133  0.141  0.041  0.216

c-12
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Table C-4
Summary of EPA Test Results
Plant B

Fuel - 0.6% S Coal
Control Equipment - Baghouse

1

Run No. 1A 18 2A 2B 3A 3B
Date 1/22/74  1/22/74 1/23/74 1/23/74 1/24/74 1/24/74
Test Time-Minutes 192 192 144 144 144 144
Stone Feed Rate- 60 60 : 60
tons/hr
Stack Effluent
Flow Rate-ACFM 23,894 20,109 28,621 31,753 42,289 30,442
FLow Rate-DSCFM 13,241 16,973 11,081 22,481 15,718 16,206
Temperature-°F 362 372 352 358 372 378
Water Vapor-Vol % 14.3 16.4 15.6 18.0 14.6 16.7
C0,-Vol % dry 16.6 17.8 19.4 18.7 19.0 18.8
0,-Vol % dry 6.8 6.8 8.2 8.0 8.1 8.2
€0-Vol % dry 0 0 0 0 0 0
N, and other 76.6 75.4 72.4 73.3 72.9 73.0
g%ses-Vo] % dry -
NO, -ppm 216 275 198 288 179 267
S0,-ppm 15 8 30 20 12 23
CO-ppm 20 10 10
Particulate Emissions
Probe and Filter Catch
gr/DSCF 0.0204 0.0318 0.0209 0.0359 0.0210 0.0477
gr/ACF 0.0113 0.0268 0.0081 0.0254  0.0078 0.0253
1b/hr 2.318 4,622 1.982 6.923 2.783 6.623
1b/ ton 0.039 0.077 0.033 0.115 0.046 0.110
c-15

(o



Total Catch

gr/DSCF
gr/ACF
1b/hr
1B/ton

0.0244
0.0135

2.767

0.046

‘Table C-4 (continued)

10.0353

0.0298

5.133
0.086

1Tg§¢,data from two stacks of four.

0.0237
0.0092

2.247

1 0.037

0.0407
0.0288

7.834

0.131

0.0250
0.0093

3.39%
0.057

0.0505
0.0269

7.011
0.117




Table C-5
Plant Personnel & EPA Test Results

Plant B
Fuel-0,6% S Coal
Control Equipment - Baghouse

Plant Personnel Tests EPA Tests _
(Stacks C and D) (Stacks A and\B) Average |
Number | Average Number | Average - Total “
of Total of Total Plant A
Tests | Emission Tests | Emission | Emissions
Stack Effluent 3 - ] '
Flow Rate-ACFM 74700 59000 133700
Flow Rate-DSCFM 40500 31900 72400
Temperature-°F 378 366 372
Water Vapor-Vol.% 14.6 15.9 15.3
C0o=Vol.% dry 20.2 18.4 19.3
02-Vo1.% dry 8.5 7.7 8.1
C0-Vol.% dry 0 0 0
N2 and other gases-
Vol.% dry 71.3 73.9 __72.6
NOx—ppm 5 54 6 236 145
S0,-ppm 4 8 6 18 13
CO-ppm 3 10 3 13 12
Particulate Emissions 3 3
Probe & Filter Catch _
gr/DSCF 0.014 ‘ 0.030 { 0.022
gr/ACF - 0.007 0.016 0.012
1b/hr ' 4.9 8.4 13.3
1b/ton? - - 0.22
Total Catch '
gr/DSCF 0.018 0.033 0.026
gr/ACF ' 0.010 B 0.018 | 0.014
1b/hr 6.2 9.5 15.7
1b/ton? - | - 0.26

45tone feed rate - 60 TPH | | o n'f'f

C-17
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TABLE C-6

FACILI'V B
. Summary of Visi'le Emissions
ate: 1/22/74 ]" . Observer # T
Type of Fiant: Lime Kiln - _ :, . : o A i
Type of D1schargg.$taCk - Distance from Observer to. Discharge Point: 75 ft.
Location of Discharge: Baghouse Outiet | He1ght of Observation Point: 70 ft.
| Height of Point of Dischargeﬁ 100 ft. Direction of Observer from Discharge Point: §
Description of Background: Hi11: Brown ST
Description of Sky: Overcast
Wind Direction: Variable _ L - Wind Velocity: 5-10 MPH
Color of Plume: None " Detached Plume: No

Duration of Observation: 60 min.

 SUMMARY OF AVERAGE OPACITY |
Time Upacity ~
Set Number . Start End ~ Sum_ Average

1 1341 1346 - 0 0
2 1347 1352 0 0
3 1353 1358 0 0
. 1359 1404 0 0
re 1405 © 1410 - 0 0
6 1411 416 0 0
7 1417 1422 0 . 0
8 1423 1428 0 0
9 1429 1434 0 0
10 1435 1440 0 0
c-18




TABLE‘C¥7.
FACILIIY B
Summary of Visible Emissions

Dqte:_1/22/74

Type of Fiant: Lime Kiln
Typeuof‘Discharge: Stack
Location of Discharge: Baghouse Qutlet
Height of Point of Discharge: 70 ft.
Description of Background: Hi11 (Brown)
Description of Sky: Overcast

Wind Direction: Vari&b]e

Color of Plume: None

Duration of Observation: 60 min.

SUMMARY OF AVERAGE OPACITY

Observer # 2

' Distance from Observer to Discharge Point:75 ft.
. Height of Observation_Point: 70 ft.

_ Direction of Observer from Discharge Point: S

Wind Velocity: 5-10 MPH

~ Detached Plume: No

SUMMARY OF AVERAGE OPACITY

‘ _ Time Opacity Time Opacity
Set Number Start End Sum Average set Number  Start End  Sum Average
1 1341 1346 0 0 21
2 1347 1352 0o 0 22
3 1353 1358 O 0 23 .
4 1359 1404 0 0 24 -
5 1405 1410 0 0 25
6 1411 1416 0 0 26
7 1417 1422 0 0 27
8 - 1423 1428 0 0 - 28
9 1429 1434 0 0 29
10 1435 1440 = 5 0.2 30
1 _ - 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38
19 39
20 40
c-19



. TABL". C-8
FACILITY B

Summary of Visihle Emissions

' | Obserb 1
Date: 1/23/74 erber #

Type of Fiant: Lime Kiln

Type of Discharge:Stack - Distance from Observer to Discharge Point: 100 Ft.
Location of Discharge: Baghouse Outlet  Height of Observation Point: 75 Ft.
Height of Point of Discharge: 75 Ft. - Direction of Observer from Discharge Point: S

Description of Background: Hil1l (brown)

Description of Sky: Partly Cloudy

Wind Direction: Variable ' Wind Velocity: 5 MPH
Color of Plumei White Detached Plume: No
Duration of Observation: 60 min.

~ SUMMARY OF AVERAGE OPACITY  SUMMARY OF AVERAGE OPACITY
- Time Opacity o Time Opacity
Set Number ~ Start End  Sum  Average Set Number  Start End  Sum  Average

1 1042 1047 0 0 2]
2 1048 1053 0 0 22
3 1054 1059 0 0 23
4 - 1100 1105 0 0 24
5 1106 1111 0 0 25
6 1112 1117 0 0 26
7 1118 1123 0 0 27
8 1124 1129 0 0 28
9 1130 1135 0 0 29
10 1136 1141 0 0 - 30
11 X 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38
19 39
20 40
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TABLE C-9
FACILITY B
Summary of Visible Emissions
Observer #2
Date: 1/23/74 S

Type of Piant: Lime Kiln

Type of Discharge: Stack _ ‘Distance from Observer to Discharge Point: 100 Ft. .
Location of Discharge: Baghou;e‘Out]e; . Height of Observation Point: _75 Ft. _ _
Height of Point of Discharge: 75 Ft. . Direction of Observer from Discharge Point: S

Description of Background: Hi1l (brown)

Description of Sky: Partly Cloudy o
Wind Direction: Variable - _ .Wind Velocity: 5 MPH
Color of Plume: White .__ - Detached Plume: No
Duration of Observation: 60 Min,

SUMMARY OF AVERAGE OPACITY ~ SUMMARY OF AVERAGE OPACITY
T Time - Opacity . — - Time . Opacity
Set Number‘ Start  End Sum Average. Set Number Start - End Sum Average

1 1042 1047 0 0 21
2 1048 1053 0 0 22
3 1054 1059 0 0 23
4 1100 1105 0 0 24
5 1106 1111 0 0 25
] 1112 1117 0 0 26
7 1118 1123 0 0 27
8 1124 1129 0 0 28
9 1130 11356 0 0 29
10 . 1136 114 0 0 30
11 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38
19 39
20 40
€-21




TABLE C-10
FACILITY B

Summary of Visible Emissions
Observer # 1

Date:]/24/74

Type of Piani:Lime Kiln

: Type of Discharge: Stack

é Location of Dischargé: Baghouse Outlet
: Height of Point of Discharge: 75 Ft.
~ Description of Background: Hi1l (brown)
Description of Sky: Partly Cloudy

~ Wind Dfrection: Variable

" Color of Plume: White

.é Duration of Ohservation: 60 Min.

SUMMARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point: 100 Ft.

Height of Observation Point: 75 Ft.

Direction of Observer from Discharge Point: S

Wind Velocity: 5-10 MPH

Detached Plume: No

SUMMARY OF AVERAGE OPACITY

Time Upacity . Time Opacity
Set Number Start End Sum Average  Set Number Start End Sum Average
1 916 921 0 0 21
2 922 927 0 0 22
3 928 933 0 0 23
4 934 939 0 0 24
5 9240 945 0 0 25
b 946 951 0 0 26
7 952 957 0 0 27
8 958 1003 25 1.0 28
‘9 1004 1009 0 0 29
10 1010 1015 0 0 30
1 31
12 32
13 33
14 34
15 35
16 36
17 37
18 .38
19 -39
20 40
c-22




TABLE C-11
FACILITY B

Summary of Visible Emissions
Observer # 2

Date: 1/24/74
Type of Fiant: Lime Kiln

Type of Discharge: Stack Distance from Observer to Discharge Point: 100 Ft.

Location of Discharge: Baghouse Outlet Height of Observation Point: 75 Ft,

Height of Point of Discharge: 75 Ft. Direction of Observer from Discharge Point: §
Description of Background: Hill (brown) | '
Description of Sky: Partly Cloudy

Wind Direction: Variable Wind Velocity: 5-10 MPH

Color of Plume: White Detached Plume: No

Duration of Observation: 60 Min.

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Upacity Time Opacity
Set Number Start End Sum Average  Set Number Start End Sum Average

1 916 926 0 0 21
2 922 927 0 0 22
3 928 933 0 0 23
4 934 939 0 0 24
5 940 945 0 0 25
6 946 951 0 0 26
7 952 957 0 0 27
8 958 1003 0 0 28
9 1004 1009 0 0 29
10 1010 1015 0 0 30
11 31
12 32
13 33
14 34
15 35
16 36
17 37
18 38
19 39
20 30
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Table C-12
Summary of Test Results
Plant C
Fuel - Gas _
Control Equipment - Electrostatic Precipitator -

CRunNe. ',](1) 2(1) 3(1)- _{i Average :- .

Date | &/30/78 | 5/2/74 | 5/3-8/78 | - .

- Test Time-Minutes _ 126 _ 200 200 75

Stone Feed Rate- | ' “: | | o
tons/hr 40.6 40.0 - 40.6 - | 40.4.

Stack Effluent i o
Flow Rate-ACFM 191,429 | 170,711 | 179,451 | 180,830 o
Flow Rate-DSCFM 96,978 | 88,856 92,011 02,615
Temperature-°F 1411 | 386 385 | 39
Water Vapor-Vol.% 17.8 17.7 18.4 | _-18.0 -
L0p-Vol.% dry 194 100 | g 9.5
Op=Voki%dry | ¥1.6 | 10.5 | 10.2 _10.8
voraday 1 o T o 1 o o
N2 and other gases- | I o

Vol.% dry | 79.0 79.4 80.7 | 79.7
NO, -ppm ‘ b 129 | 96 % | 107
30p-ppm - | o 0 0O .1 0
Co-ppm - =~ | a4 | 54 255 17

Particulate Emissions . |, | ‘ g I
Probe & Filter Catch ) |l
gr/DSCF 0.0114 _ | 0.0031 0.0058 | 0.0068
gr/ACF 0.0058 | 0.0016 _ | 0.0030 | 0.0035
1b/nf 9.51 | 2.37 4.55 | 5.466
1b/ton 0.234 - 0.0591 0.1118 | 0.135
Total Catch Q _ . . -
gr/DSCF 0.0200_ -] 0.0101 - | 0.0101 | 0.0134
gr/ACF 0.0101 | 0.0053 | 0.0052 0.0069
1b/hr 16.68 7.73 | 8.0 10.8
1b/ton 0.411 | 0.193 0.197 0.267

(1)Test data from two stacks.
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TABLE C-13
FACILITYC

Summary of Visible Emissions
Observer: 1
Date: 30 April 1974

Type of Fiant: Lime Kiln

Type of Discharge: ESP Outlet - Distance from Observer to Discharge Point: 525 Ft.

Location of Discharge: South Stack - Height. of Observation Point: 0 Ft.
Height of Point of Discharge: 100 Ft, Direction of Observer from Discharge Point: SW

Description of Background: White-gray clouds

Description of Sky: Overcast

Wind Direction: SE Wind Velocity: 6-10 MPH
Color of Plume: None Detached Plume: None
Duration of Observation:

SUMMARY OF AVERAGE OPACITY _ SUMMARY OF AVERAGE OPACITY
Time Opacity ) Time Opacity
Set Number Start End Sum Average  Set Number - Start End  Sum  Average

1 1605 1611 0 0 21 1805 1811 0. 0
2 1611 1617 0 0 22 1811 1817 0 0
3 1617 1623 0 0 23 1817 1823 0 0
4 1623 1629 0 0 24 1823 1829 0 0
5 1629 1635 Q 0 25 1829 1835 0 0
6 1635 1641 0 0 26 1835 1841 0 "
7 1641 1647 0 0 27 - 1841 1847 0 0
8 1647 16563 0 0 28 1847 1853 0 0
9 1653 1659 0 0 29

10 1659 1705 0 0 30

11 1705 171 0 0 31

12 171 1717 0 0 32

13 1717 1723 0 0 33

14 1723 1729 0 0 34

15 1729 1735 0 0 35

16 1736 1741 0 0 36

17 1741 1747 0 0 37

18 1747 1753 0 0 38

19 1753 1759 . 0 0 39

20 1759 1805 0 0 40
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TABLE C-14
FACILITY C
Summary of Visible Emissions

Date: 30 April 1974 Observer : .2

Type of Piant: Lime Kiln

Type of Discharge: ESP Qutlet ~ Distance from Observer to Dischargé Points 526.Ft.
Location of Discharge: South Stack Height. of Observation Point:0 Ft, o
Height of Point of Discharge: 100 Ft. - - Direction of Observer-from Discharge Points SW.

Description of Background: white-gray clouds S e
Description of Sky: Overcast
Wind Direction:SE - 7 Wind Velocity: 6-10 MPH
Color of Plume:None " Detached Plume: None
Duration of Observation: _
~ 'SUMMARY OF AVERAGE OPACITY = ~ SUMMARY OF AVERAGE' OPACITY

L Time =~ Opacity ...~~~ Time  Opacity :

Set Number — Start End  Sum  Average - Set Number - Start  End  Sum  Average

1 1605 1611 0 0 21 1805 181 0 0
2 1611 1617 0 0 22 . 1811 181 0 0
3 1617 1623 0 0 23 1817 1823 0 0
4 - 1623 1629 0 0 24 1823 1829 0 J
5 1629 1635 0 0 25 . 1829 1838 0 0
6 1635 1641 0 0 26 1835 1841 0 0
7 1641 1647 0 0 27 1841 1847 0 - 0
8 1647 1653 0 0 28 1847- 1883 0 0
9 1653 1659 0 0 29 ' . ]

10 1659 1705 0 0 30 _ - L

11 1705 1711 0 0 31 L

12 711 1717 0 0 32 . . .

13 1717 1723 0 0 33

14 1723 1729 0 0 34

15 1729 1735 0 0 35

16 1735 1741 0 0 36

17 1741 1747 0 0 37

18 1747 1753 0 0 38

19 1753 1759 0 0 39

20 1759 1805 0 0 40
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- TABLE C-15 -
FACILITY C
Summary of Visible Emissions .

Date: 30 April 1974 Observer: 3.
Type of Fiant: Lime Kiln . _
 Type of Discharge: ESP Outlet g Distance from Observer to DiScharge Point:625 Ft.
. Location of Discharge: North Stack , Heighf_of ObserVation-Po{nt:O Ft.
Height of Point of Discharge: 100 Ft. Direction of Observer from Discharge Pqiht:SW
Description of Background: white-gray clouds ' '
Description of Sky: Overcast
Wind Direction: SE : Wind Velocity: 6-10 MPH
Color of Plume: None _ Detached Plume: None

Duration of ObServation:3

SUMMARY OF AVERAGE OPACITY SUMMARY ‘OF AVERAGE OPACITY
‘ Time ~ Opacity Time . -Opacity
Set Number Start End * Sum  Average Set Number  Start End  Sum  Average

21 1805 1811

1 1605 1611 0 0 0 -0
2 1611 1617 - 0 0 22 ' 1811 1817 0 0
3 1617 1623 0 0 23 - 1817 1823 0 0
4 1623 1629 0 0 24 1823 1829 0 0
5 1629 1635 0 0 25 1829 1835 0 0
6 1635 1641 0 0 .26 1835 1841 0 0
7 1641 1647 0 0 27 1841 1847 0 0
8 1647 1653 0 - ] 28 1847 1853 0 0.
9 1653 1659 0 0 29 - :

10 1659 1705 0 0 30

n 1705 1711 0 0 31

12 17 1717 0 0 32

13 1717 1723 0 0 33

14 1723 1729 0 0 34

15 1729 1735 0 0 35

16 1735 1741 -0 0 36

17 1741 1747 0 0 37

18 1747 1753 0 0 38

19 1753 1759 0 0 39

20 1759 1805 0 0 40
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TABLE C-16
FACILITY C

Summary of Visihle Emissions
: !
~ Date: 30 April 1974 Observer
Type of Fiant: Lime Kiln

* Type of Discharge: ESP Outlet . Distance from Observer to Discharge Point: 525 Ft,

Location of Discharge: North Stack * Height. of Observation Point: 0 Ft.
) Height of Point of Discharge: 100 Ft. - Direction of Observer from Discharge Point: SW

Description of Backgrqund: white~gray c1ouds

Description of Sky: Overcast |

Wind Direction:SE = . . . Wind Velocity: 6«10 MPH
Color of Plume: None _ Detached Plume: None
Duration of Observation:

SUMMARY OF AVERAGE OPACITY _ . SUMMARY OF AVERAGE OPACITY
\ Time Opacity . - Time Opacity
Set Number  Start End - Sum  Average Set Number ~ Start End Sum Average

1 1605 1611 0 0 21 1808 - 1814 0 0
2 1611 1617 0 0 22 1814 1820 0 0
, 3 1617 1623 0 0 23 1820 1826 0 0
" 4 1623 1629 0 0 24 1826 1832 0 n
5 1629 1635 O 0 25 1832 1838 0 0
6 1635 1641 0 0 26 1838 1844 0 0
7 1641 1647 0 0 27 1844 1850 0 0
8 1647 . 1653 0 0 28 - 1850 1856 0 0
9 1653 1659 0 0 29
10 1659 . 1705 0 0 30
n 1705 1711 0 0 31
12 1711, 1717 0 0 32
13 1717 1723 0 0 33
14 1723 1729 0 0 34
15 1729 1735 0 0 35
16 . 1736 1742 0 0 36
17 1742 1748 0 0 37
18 . 1748 1754 0 0 . 38
19 1754 1800 0 0 39
20 - 1800 1806 0 0 40
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TABLE C-17
FACILITY C
Summary of Visible Emissions

Observer:

Date: 2 May 1974

Type of Fiant: Lime Kiln

Type of Discharge: ESP Outlet

Location of Discharge: South Stack

Height of Point of Discharge: 100 Ft.
Description of Background: Scattered clouds
Description of Sky: Partly cloudy Blue/white
Wind Direction: S-SW
Color of Plume: None
Duration of Observation:

SUMMARY OF AVERAGE OPACITY

1

Distance from Observer to Discharge Point: 525.Ft.
Height. of Observation Point: 0 Ft.

Direction of Observer from Discharge Point: S¥.

Wind Velocity: 4-6 MPH
Detached Plume: None - S )

SUMMARY OF AVERAGE OPACITY

Time Opacity T1me Opacity
Set Number Start End Sum Average Set Number Start End Sum Average

1 1152 1158 ~ 0 0 21 1352 1358 0 0
2 1158 1204 0 0 22 1358 1404 0 0
3 1204 1210 0 0 23 1404 1410 0. 0
4 1210 1216 0 0 24 1410 1416 0 0
5 1216 1222 0 0 25 1416 1422 0 0
6 1222 1228 0 0 26 1422 1428 0 0
7 1228 1234 0 Q 27 1428 1434 0 0
8 1234 1249 0 0 28 1434 1440 0 0
9 1240 1246 0 Q 29 1440 1446 0 0
10 1246 1252 0 0 30 1446 1452 0 0
1 1252 1258 0 0 31 1452 1458 0 0
12 1258 1304 0 0 32 1458 1504 0 0
13 1304 1310 0 0 33 1504 1510 0 -0
14 1310 1316 0 0 34 1510 1516 0 0
15 1316 1322 0 0 35 1516 1522 0 0
16 - 1322 1328 0 0 36 1522 1528 0 0
17 1328 1334 0 0 37 1528 1534 0 0
18 1334 1340 0 0 38 1534 1540 0 0
19 1340 1346 0 0 39 1540 1546 0 0
20 1346 1352 0 0 40 1546 1552 0 0
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TABLE C-18

FACILITY C
Summary of Visible Emissions
Observer: 2
Date: 2 May 1974
Type of Fiant: Lime Kiln
Type of Discharge: ESP Outlet Distance from Observer to Discharge Point: 525 Ft.
Location of Discharge: South Stack Height of Observation Point: 0 Ft.
Height of Point of Discharge: 100 Ft. - Direction of Observer from Discharge Point: SW

Description of Background: Scattered Clouds

Description of Sky: Ppartly Cloudy Blue/White

Wind Direction: S-SW Wind Velocity: 4-10 MPH
Color of Plume: None Detached Plume: None
Duration of Observation:

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity T1ma - Opacity
Set Number Start End Sum Average  Set Number Start End Sum Average

1 1352 1358 0 0 21

2 1358 1404 0 0 22

3 1404 1410 0 0 23

4 1410 1416 0 1} 24

5 1416 1422 0 0 25

6 1422 1428 0 0 26

: 7 1428 1434 0 0 27
8 1434 1440 0 0 28
9 1440 1446 0 0 29

10 1446 1452 0 0 30

1 1452 1458 0 0 31

12 1458 1504 0 0 32

13 1504 1510 0 0 33

14 1510 1516 0 0 34

15 1516 1522 0 0 35

16 1522 1528 0 0 36

17 1528 1534 0 0 37

18 1534 1540 0 0 38

19 1540 1546 0 0 39

20 1546 1552 0 0 40
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TABLE C=-19

FACILITY C
Summary of Visible Emissions
Observer: 2
Date: 2 May 1974
Type of Fiant: Lime Kiln
Type of Discharge: ESP Outlet Distance from Observer to Discharge Point: 525 Ft.
Location of Discharge: North Stack Height of Observation Point: O Ft.
Height of Point of Discharge: 100 Ft. _ Direction of Observer from Discharge Point: SW

Description of Backgrouad: Scattered Clouds

Description of Sky: Partly Cloudy Blue/Mhite

Wind Direction: S-SW Wind Velocity: 4-6 MPH
Color of Plume: None : Detached Plume: None
Duration of Observation:

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start End Sum  Average Set Number Start End Sum Average 5

1 1152 1158 0 0 21
2 1158 1204 0 0 22
3 1204 1210 0 0 23
4 1210 1216 0 Q 24
5 1216 1222 0 0 25
6 1222 1228 0 0
7 1228 1234 0 0
8 1234 1240 0 ) 26
9 1240 1246 0 0 29 |
10 1246 1252 0 0 30 |
N 1252 1258 0 0 31 |
12 T258 1304 0 0 32
13 1304 1310 0 0 33
14 1310 1316 0 0 34
15 1316 1322 0 0 35
16 1322 1328 0 0 36
17 1328 1334 0 0 37
18 1334 1340 0 0 38
19 1340 1346 0 0 39
20 1346 1352 0 0 40
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TABLE C-20

FACILITY C
Summary of Visible Emissions
Observer: 4
Date: 2 May 1974
Type of Fiant:Lime Kiln -
Type .of Discharge: ESP Qutlet : Distance from Observer to Discharge Point: 525 Ft,
Location of Discharge: North Stack - Height of Observation Point: 0 Ft.
Height of Point of Discharge: 100 Ft. Direction of Observer from Discharge Point: SW

Description of Background: Sky

Description of Sky: Partly Cloudy Blue/white/grey

Wind Direction: S-SW Wind Velocity: 4-6 MPH
Color of Plume: None Detached Plume: None
Duration of Observation:

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
_ T Time ~ Opacity : ' T Time . Opacity
Set Number =~ Start End Sum Average Set Number — Start End Sum - Average

1152 1158 21 1352 1358 115

1 C 0 438
2 1158 1204 G 0 22 1358 1404 120 5.0
3 1204 1210 C 0 23 1404 1410 120 5,0
4 1210 1216 ¢ 0 24 1410 1416 120 5.0
5 1216 1222 0 0 25 1416 1422 120 5.9
6 1222 1228 0 0 26 1422 1428 120 5,9
7 1228 1234 0 0 27 1428 1434 120 5.0
8 1234 1240 0 0 28 1434 1440 120 5.0
9 1240 1246 0 0 29 1440 1446 120 5.0
10 1246 1252 0 0 30 1446 1452 120 5.0
1 1252 1258 0 0 31 1452 1458 115 4.8
12 1258 1304 20 0.8 32 1458 1504 120 5.0
13 1304 1310 120 5.0 33 1504 1510 120 5.0
14 1310 1316 120 5.0 34 1510 1516 120 5.0
15 1316 1322 120 5.0 35 1516 1522 120 5.0
16 1322 1328 110 4.6 36 1522 1528 115 4.8
17 1328 1334 120 5.0 37 1528 1534 120 4.8
18 1334 1340 120 5.0 38 1534 1540 120 4.8
19 1340 1346 120 5.0 " 39 1540 1546 120 4.8
20 1346 1352 120 5.0 40 1546 1552 120 4.8

Note: Sets 12 thru 40, Observer reported all
readings as either "Q" or "less than 5%". For
purposes of this summary, the latter was
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Date: 3 May 1974

Type of Piant: Lime Kilns

Summary

Type of Discharge: ESP Outlet

Location of Discharge: South Stack

Height of Point of Discharge: 100 ft.

Description of Background: Sky

Description of Sky: Partly cloudy; Hazy Blue

Wind Direction:

Color of Plume:

S-SE

Yellowish

Duration of Observation:

SUMMARY OF AVERAGE OPACITY

TABLE C-21

FACILITY C

of Visible Emissions
Observer:]

Distance from Observer to Discharge Point: 450 ft.
Height of Observation Point:0 ft.

Direction of Observer from Discharge Point: NE

Wind Velocity: 5-10 mph

Detached Plume: none

SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Number Start End Sum Average Set Number Start End Sum Average
1 10:10 10:16 35 1.5 21
2 10:16 10:22 20 0.8 22
3 10:22 10:28 0 0 23
4 10:28 10:34 0 0 23
5 10:34 10:40 0 0 25
6 10:40 10:46 0 0 26
7 10:46 10:52 0 0 27
8 10;52 10;58 0 0 28
9 10:58 11:04 0 0 29
10 17:04 11:10 0 0 30
1 11:10 1%:16 0 0 31
12 11:16 11:22 0 0 32
13 11:22 11:28 0 0 33
14 11:28 11:34 0 0 34
15 11:34 11:40 0 0 35
16 11:40 11:46 0 0 36
17 11:46 11:52 0 0 37
18 11:52 11:56 0 0 38
19 11:56 12:04 0 0 39
20 12:04 12:10 0 0 40
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TABLE C-22

- FACILITY C |
Summary of Visib]e'ﬁmissions
Date: 3 May ]974- Observer; 4
Type of Piant: Lime Kiln o ' _ : i
Type of-Discharge:-ESP_oUt1éf  _ _ Distance from Observer to Discharge:Pbint;450 ft
Location of Discharge: Soath Stack .- ' Height. of Obsefvation Point: 0 ft. _ _
Height of Pdint'of bischargei 100 ft.. Direction of Observer from Dischargé Pbihf: NE B
Description of Background: sky |
Description of Sky: .partly cloudy
Wind Direction: S-SE o - Wind Ve10cfty: 10-15 mph
Color of Plume: White ‘ . ‘Detached Plume: no
Duration of Observation: ‘ _
SUMMARY. OF -AVERAGE QPACITY o . SUMMARY OF AVERAGE OPACITY
- Time Upacity : Clime - Opacity

Set Number - Start . End . Sum . Average Set Number  Start  End  Sum  Average

1 10:09 10:15 160 6.7 21 12:09  12:15 120 5
2 10:15 10:21 135 5.6 22 12:15 12:21 120 5
3 10:21 10:27 120 5.0 - 23 12:21  12:27 120 5
4 10:27 10:33 120 5 24 12:27 12:33 120 5
5 10:33 10:39 120 5 25 12:33 . 12:39 120 5
6 10:39 10:45 120 5 26 - 12:39 12:45 120 5
7 10:45 10:51 120 5 27 12:45 12:51 120 5
-8 10:51 10:57 120 5 28 12:51 ~ 12:57 120 5
9 10:57 11:03 120 5 29  12:57 13:03 120 5
10 11:03 11:09 120 5 30 0 13:03° 13:09 - 120 5
[h! 11:09 11:15 120 5 3 13:09 13:15 120 5
12 11:15 11:21 120 5 32 13:15  13:21 120 5
13 11:21 11:27 120 5 33 13:21 13:27 120 5
14 11:27 11:33 120 5 34 : 13:27 13:33 120 5
15 11:33 11:39 120 5 .3 13:33 ¢ 13:39 120 5
16 11:39 11:45 120 5 36 \
17 11:45 11:51 120 5 37
18 11:57 11:57 120 5 38
19 11:87 12:03 120 5 39
20 12:03 12:09 120 5 20

Note: Observer reported readinas of "less than 5
%" have been considered as "5%" in this summary
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TABLE _C-23

FACILITY .€
Summary of Visible Emissions
Date: 3 May 1974 Observer: 1.
Type of Piant: Lime Kiln .
Type of Dischdrge: ESP outlet o Distahte fromlbbserver to Discharge Point: 450 ft. -
Location of Discharge: north stack Height. of Observation Point: 0 ft.
Height of-Point of'DisCharge: 100 ft. Direction of Observer from Discharge Point: NE

Description of Background: sky

Description of Sky: Partly cloudy; hazy blue _
‘Wind Direction: S-SE : ~ Wind Velocity: 5-10 mph
Color of Plume: Yellowish ' ﬁetached Plume: . hone
Duratioﬁ of Observation:

| SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
' Time . Upacity _ Hime : - Opacity
Set Number Start End - Sum  Average  set Number  start . End  Sum  Average

21

1 10:10 10:16 - 35 1.5

2 10:16 10:22 5 0.2 22
3 10:22 10:28 . 0 0 23
4 10:28 ~ 10:34 0 0 24
5 10:34 10:40 ° 0 . 0 25 -
6 10:40 10:46 0 0 26
7 10:46 10:52 0 0 27
8 10:52 10:58 0 0 28
‘9 10:58 11:04 0 0 29
10 11:04 11:10 0 0 30
1 11:10 11316 0 0 31
12 1:16 11:22 0 0 - 32
13 11:22 11:28 - 0 0 33
14 . 11:28 11:34 0 0 34
15 11:34 11:40. 0 - 0 35
16 11:40 11:46 0 0 36
17 11:46 11:52 0 0 .37
18 11:52 11:58 0 0 -38
19 11:58 12:04 0 0 39
20 12:04 12:10 0 0

- 40
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TABLE C-24

FACILITY G
Summary of Visible Emissions
Observer: 4

Date: 3 May 1974
Type of FPiant: Lime Kiln
Type of Discharge: ESP Outlet Distance from Observer to Discharge Point:450 Ft,
Location of Discharge: Nerth Stack Height of Observation Point: 0 Ft.
Height of Point of Discharge: 100 Ft. Direction of Observer from Discharge Point: NE
Description of Background: Sky
Description of Sky: partly c1oudy_
Wind Direction: S-SE Wind Velocity: 10-15 MPH
Color of Plume: White Detached Plume: No
Duration of Observation:

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY

Time Upacity Time Upacity

Set Number Start End Sum Average  Set Number Start End  Sum Average

1 1009 1015 135 5.8 21 1209 1215 120 5
2 1015 1021 130 5.4 22 1215 1221 120 5
3 1021 1027 120 5.0 23 1221 1227 120 5
4 1027 1033 120 5 24 1227 1233 120 5
5 1033 1039 120 5 25 1233, 1239 120 5
6 1039 1045 120 5 26 1239 1245 120 5
7 1045 1051 120 5 27 1245 1251 120 5
8 1051 1057 120 5 28 1251 1257 120 5
9 1057 1103 120 5 29 1257 1303 120 5
10 1103 1109 120 5 30 1303 1309 120 5
11 1709 1115 120 5 31 1309 1315 120 5
12 1115 1121 120 5 32 1315 1321 120 5
13 1121 127 120 5 33 1321 1327 120 5
14 1127 1133 120 5 34 1327 1333 120 5
15 1133 1139 120 5 35 1333 1339 120 5
16 1139 1145 120 5 36
17 1145 1151 120 5 37
18 1161 1157 120 5 38
19 1157 1203 120 5 39
20 1203 1209 120 5 20

Note: Observer reported readings of "less than
5%" have been considered as "5%" in this
summary.
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Table C-25
Summary of Test Results
Plant D{1)
Fuel - Gas & 0i1 (1.05% S)
Control Equipment - Electrostatic Precipitator

Run No. 1* 3 5 Average
Date - 7/8/74 7/9/74 7/10/74 -
Test Time-Minutes 240 240 240 240
Stone Feed Rate- - 32.7 32.5 32.6 32.6
tons/hr -
Stack Effluent : _
Flow Rate-ACFM 64,390 67,300 70,330 68,800
Fiow Rate-DSCFM : 27,620 27,390 28,660 28,000
Temperature-°F 621 669 674 672
Water Vapor-Vol.% 11.3 12.1 11.4 11.8
C02-Vo1.% dry 21.7 21.0 19.6 20.3
02-V01.% dry 8.0 8.7 11.4 10.0
CO0-Vol.% dry 0 0 0 . 0
N, and other gases- 70.3 70.3 69.0 69.7
Vol.% dry :
NOx-ppm 299 340 380 340
SOz-ppm 70 11 53 45

Particulate Emissions
Probe and Filter Catch

gr/DSCF 0.051 0.046 0.026 0.036
gr/ACF 0.022 0.019 0.01 0.015
1b/hr - 12.0 10.9 6.4 8.7
1b/ton 0.367 0.335  0.19 0.266 -
Total Catch : |
gr/DSCF 0.111  ° 0.064 0.055 0.060
gr/ACF . 0.047 0.026 0.022 0.024
b/hr 26.2 15.0 13.6 14,3
~1b/ton 0.802 0.462 0.417 0.439

*Particulate test data questionable - not used in averages.
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TABLE C-26
FACILITY D

Summary of Visible Emissions

Date: 7-8-74 - Distance from Observer to Discharge Point: 200 Ft;
Type of Plant: Lime Height of Observation Point: 100 Ft. Y |
Type of Discharge: Stack Direction of Observer from Discharge Pofﬁt:NH
l.ecation of Discharge: ESP Wind Velocity: '

Height of Point of Discharge: 110 Detached Plume: Ng

Description of Backgfcund: Sky Observer No. 2

Description of Sky: Partly Cloudy
Wind Direction:
Cclor of Plume: MWhite

Duration of Qbservation: 228 min,

SUMMARY OF AVERAGE OPACITY

‘Time Opacity

Set Number Start End Sum Average

1 1713 1718 0 0
2 1719 1724 30 1.2
3 1725 1730 75 3.1
4 1731 1736 55 2.3
5 1737 1742 70 2.9
6 1743 1748 55 2.3
7 1749 1754 30 1.2
8 1755 1800 - 115 4.8
9 1801 1806 5 0.2
10 1807 1812 30 1.3
11 1813 1818 125 5.2
12 1819 1824 . 120 5
13 1825 1830 60 2.5
14 1831 1836 35 1.5
15 1837 1842 15 0.6
16 1843 1848 5 0.2
17 1849 1854 5 0.2
18-34 1855 2049 0
35 2050 2055 20 0.8
36 2056 2101 100 4.2
37 2102 2103 0 0
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TABLE C- 27
FACILITY D

Summary of Visible Emissions

Date: 7-8-74 Distance from Observer to Discharge Poiat: 250 Ft.
Type of Plant: Lime Height of Observation Point: 100 Ft.

Type of Discharge: Stack Direction of Observer froh Discharge Point: NW
Location of Discharge: ESP Wind Velocity:

Height of Point of Discharge: 110 Ft. Detached Plume: No

Description of Background: Sky Observer No. 1

Description of Sky: Partly Cloudy
Wind Direction:
Color of Plume: White

Duration of Observation: 247 min.

SUMMARY OF AVERAGE OPACITY

Time Opacity

Set Number Start End Sum Average

1-18 1715 1902 0 0
19 1903 1908 5 0.2
EO 1908 1914 5 0.2
1-24 1915 1939 0 0
25 1939 1944 5 0.2
2639 1945 2108 0O 0
40 2109 2114 275  11.5
4 . 211 2120 0O 0
42 2121 2123 0 0
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TABLE C-28
FACILITY D

Summary of Visible Emissions

© Date: '7-9-74 ' Distance from Observer to Discharge Point: 200 Ft.
Type of Plant: Liﬁe‘ ' Height of Observation Point: 50 Ft.
Type of Discharge: Stack Direction of Observer from Discharge Point: ESE
Location of Discharge: ESP -~ Wind Velocity:
Height of Point of Discharge: 110 Ft. Detached Plume: No
Description of Background: Sky ' Observer No. 1

Description of Sky: Light Blue
Wind Direction: '
Color of\Piwne: White

Duration of Observation: 245 Min.

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity Time “‘Opacity
Set Number Start FEnd Sum Average Set Number Start End Sum Average
1-8 - 840 927 0 0 34 1168 1203 40 1.7
9 928 933 15 0.6 35 1204 1209 45 1.9
10-16 934 1015 0 0 36 1210 1215 40 1.7
17 1016 1021 15 0.6 37 - 1216 - 1221 - 40 1.7
18 1022 1027 0 "0 38 . 1222 1227 20 0.8
19 © 1028 1033 . 30 1.2 39 1228 1233 15 0.6
20 © 1034 1039 0 0 40 1234 1239 © 35 1.5
21 1040 1045 20 0.8 41 1240 1245 30 1.2
22 - 1046 1051 0 0 ‘
23 - 1052 1057 - 15 0.6
24 1058 1103 0 0
25 - 1104 1109 35 1.5
26 1110 115 15 0.6
27 1116 1121 15 0.6
28 1122 1127 15 0.6
29 1128 1133 60 2.5
30 1134 1139 5 0.2
31 1140 1145 20 0.8
32 1146 1151 15 0.6
33 1152 1157 0 0
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TABLE C-29

FACILITY D

Summary of Visible Emissions

Date: 7-9-74

Type of Plant: Lime

Type of Discharge: Stack

Location of Discharge: ESP

Height of Point of Discharge: 100 Ft.
Description of Background: Sky
Description of Sky: Hazy Blue

Wind Direction: NW
Color of Plume: White

Duration of Observetion: 195 Min.

SUMMARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point:200 Ft.
Height of Observation Point: 0 Ft.

Direction of Observer from Discharge Point: NW
Wind Velocity: 3 MPH

Detached Plume: No

Observer No. 2

 SUMMARY OF AVERAGE OPACITY

Time Opacity Time Opacity
Set Number = Start End  Sum Average Set Number Start End Sum Average '
1 843 848 80 3.3 21 1103 1108 105 4,
9 849 854 55 2.3 22 1109 1114 95 4.0
3* g55 900 50 2.5 23 1115 1120 95 4.0
4* 901 906 45 4.5 24 1121 1126 95 4.0
5 907 912 80 3.3 og * 1127 1132 75 3.7
6 913 918 75 3.1 26 * 1133 1138 - -
7* 919 924 70 3.5 27* 1139 1144 - -
8* 925 930 85 5.3 28 * 1145 1150 85 5.5
9 931 936 85 3.5 29 1151 1156 120 5.0
10 937 942 40 1.7 30 1157 1202 105 4.4
1 943 948 115 4.8 31 1203 1208 120 5
12 249 954 65 2.7 32 1209 1214 120 5
13% 955 1000 3% 2.9 33 1215 1220 120 5
14% 1001 1006 - - 34 1221 1226 120 5
165% 1007 1012 105 5.2 35 1227 1232 30 1.2
16 1013 1018 115 4.8 36 1233 1238 90 3.8
17 1019 1024 100 4.2 37 1239 12384 80 3.3
18 1025 1030 100 4.2 38#* 1245 1249 40 2.5
19 1031 1036 120 5.0
20 1057 1102 105 4.4
*Not complete 6 min. average.
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- TASLE ‘C- 30
CFACILITY D

Summary of Visible Emissions

vate: 7-10-74 Distance from Observer to Discharge Point: 200 Ft.
Type of Plant: Lime - _ .  ]Hei6ht'of‘0bservat1on Paint: 50 ‘Ft.

Tyﬁé of Diécharqe Stack - : R _ D1reut1on of Observer from D1scharqe Point: ESE
Location of D1scharge ESP ' o  _' i ; N1nd Velocity: n nil

Height of Point of Discharge: 110 Ft. Detached Piume: No

Description of Background:Sky ) o 1 .bbserver Nb. 1 |

Description of Skyﬁ Overcast‘ 
Wind Directicn: N
Color of Plume: White

Duration of Observation: 272 Min.

' SUMMARY OF AVERAGE OPACITY

. Time . Opucity

Set Number Start End Sum Average
1-20 890 1019- O -

0

21 - 1020 1025 10 0.4
22 . 1026 1081 - 5 . 0.2
23 - 1032 1037 © 0 0
24 1038 1043 .20 - 0.8
25 1044 1049 0 - 0
26 1050 1055 26 1.0
27 1056 1101 5 0.2

28 1102 1107 35 1.4
29 ~ 1108 1113 20 - 0.8
30 1114 17119 10 0.4
3 1120 1125 10 - 0.4
32 1126 1131 0 .0
a3 1132 1137 20 0.8
34 1138 1143 0 0
35 1144 1149 10 0.4
36-45 1150 1249 0 0
46 1250 1252 0 0
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TABLE C-31
FACILITY D

Summary of Visible Emissions

Date: 7-10-74 | o _ ‘Distance from Observer to Discharge Point: 200 Ft.
‘Type of Plant: Lime . leight of Observation Point: 0 Ft. |

Type of Discharge: Stack . - Direction of Observer from Discharge Point:-NE
Location of Discharge: ESP . Wind Velocity: -

Height of Poiﬁt of Discharge: 110 Ft. ~ Detached Plume: No

Description of Background: Sky - Observer No.-2 |

Description of Sky: Overcast
ind Direction:
Color of Plume: White

Duration of Observation: 212 Min.

SUMMARY OF AVERAGE OPACITY

Time Opaéity

Set Number Start End Sum Average °

838 . 843 25 1.0

1
2 844 849 30 1.2 -
3 850 855 70 2.9
4 856 858 0 0
5 937 942 85 3.5
6 943 948 10 0.4
7-10 949 1012 0 0
1A 1013 1018 20 0.8
12-23 1019 1130 0 0
24 1131 1136 20 0.8
25 1137 1142 20 0.8
- 26-27 1143 1154 0 0
.28 1185 1200. 35 1.5
29 1201 1206 45 1.9
30-36 1207 1249 ' 0
. C~43
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Table C-32
Summary of Test Results
Plant D
Fuel - Gas & 0i1(0.78% S)
Control Equipment - Electrostatic Precipitator

Run No. 1 2 3 Average
Date 8/6/74 8/7/74 8/8/74 --
Test Time-Minutes 192 192 192 192

Stone Feed Rate- 26.3 26.3 26.4 26.3
tons/hr

Stack Effluent

Flow Rate-ACFM 65,320 66,488 65,754 65,854
Flow Rate-DSCFM 28,986 27,704 27,559 28,083
Temperature-°F 611 661 655 642
Water Vapor-Vol % 9.6 11.1 10.8 10.5
C0,-Vol % dry 19.0 22.0 21.0 20.7
0,-Vol % dry 8.7 6.1 7.0 7.3
CO-Vol % dry 0 0 0 0
Nsand other 72.3 71.9 72.0 72.0
ggses-Vo1 % dry

NO, -ppm 201 363 274 279
S0,=ppm 6 27 13 15.3
CO-ppm

Particulate Emissions

Probe and Filter Catch

gr/DSCF 0.0615 0.0143 0.0152 0.0303

gr/ACF 0.0273 - 0.0060 0.0064 0.0129

1b/hr 15.273 . 3,398 - 3.591 7.42

1b/ton 0.580 0.129 0.136 J.282
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Total Catch

gr/DSCF
gr/ACF
1b/hr
1b/ton

s

0.0971
0.0431

24,118
0.918

Table C-32 (continued)

0.0304
0.0127

7.226
0.275

C-45

0.0225
0.0094
5.312
0.201

0.0500
0.0213
12.219
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TABLE C-33
FACILITY D

Summary of Visible Emissions
Observer # 1
Date: 8/6/74

Type of Piant: Lime Kiln

Type of Discharge: Stack o Distance from Observer to Discharge Point:~ 100 Ft,
Location of Discharge: ESP # 1 Height of Observation Point: » 70 Ft.
Height of Point of Discharge:¢ 90 Ft. Direction of Observer from Discharge Point: East

Description of Background: Sky

Description of Sky: 30% clouds against blue sky

Wind Direction: SW Wind Velocity: 5-15 MPH
Color of Plume: White Detached Plume: No.
Duration of Observation: 197 Min.

SUMMARY OF AVERAGE OPACITY . SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start End Sum  Average Set Number Start End Sum  Average

1 1525 1530 60 2.5 21 1804 1809 115 4.8
2 1531 1536 55 2.3 22 1810 1815 95 4.0
3 1537 1542 35 1.5 23 1816 1821 0 0.0
4 1543 1548 85 3.5 24 1822 1827 5 0.2
5 1549 1554 70 2.9 25 1828 1833 55 2.3
6 1855 1600 85 3.5 26 1842 1847 20 0.8
7 1601 - 1606 75 3.1 27 1848 18563 25 1.0
8 1607 1612 5 0.2 28 1854 1859 35 1.5
9 1613 1618 5 0.2 29 1900 1905 80 3.3
10 1636 1641 0 0.0 30 1906 1911 0 0.0
1 1642 1647 0 0.0 31 1912 1917 20 0.8
12 i648 1653 0 0.0 32 1918 1923 70 2.9
13 1654 1659 0 0.0 33
14 1700 1705 0 0.0 34
15 1706 1711 0 0.0 .35
16 1712 1717 0 0.0 36
17 1740 1745 20 0.8 37
18 1746 1751 20 0.8 38
19 1752 1757 120 5.0 39
20 1758 1803 100 4,2 40
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TEBLE C-34
FACILITY D
sumniary of Visidle Emissions
Observer # 2

Date: 8/6/74

Type of Fiant: Lime Kiln

Type of Discharge: Stack - Distance from Observer to Discharge Point: 100 Ft.
Location of Discharge: ESP # 1 Height of Observation Point: 75 Ft.
Height of Point of Discharge: 80 Ft. Direction of Observer from Discharge Point: SE

Description of Background: Sky

Description of Sky: Partly Cloudy (grey to blue)

Wind Direction:SW Wind Velocity: 5-15 MPH
Color of Plume:White Detached Plume: No
Duration of Observation: 213 Min.

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
_ Time Opacity Time Opacity
Set Number Start End Sum Average  Set Number Start End Sum Average

1 1525 1530 125 5.2 21 1746 1751 30 1.3
2 1531 1536 120 5.0 22 1752 1757 70 2.9
3 1537 1542 125 5,2 23 1758 1803 125 5.2
4 1543 1548 125 5,2 24 1804 1809 140 5.8
5 1549 1554 130 5.4 25 1810 1815 135 5.6
6 1555 1600 120 5.0 26 1816 1821 120 5.0
7 1601 1606 120 5.0 27 1822 1827 30 1.3
8 - 1607 1612 130 5.4 28 1828 1833 80 3.3
9 1613 1618 130 5.4 29 1842 1847 45 1.9
10 1619 1624 125 5.2 30 1848 1853 40 1.7
11 1625 1630 120 5.0 31 1854 1859 75 3.1
12 1631 1636 105 4.4 32 1900 1905 100 4,2
13 1637 1642 120 5.0 33 1906 1911 80 3.3
14 1643 1648 115 4.8 34 1912 1917 75 3.1
15 1649 1654 90 3.8 35 1918 - 1923 60 2.5
16 1655 1700 120 5.0 36
17 1701 1706 100 4.2 37
18 1707 172 70 2.9 .38
19 1713 1718 45 1.9 39
20 1740 1745 120 5.0 40
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. TABLE C-35
FACILITY D

Summary of Visible Emissions
Observer # 1
Date: g8/7/74

Type of Piant: Lime Kiln

. Type ‘of Discharge: Stack Distance from Observer to Discharge Point:~100 Ft.
Location of Discharge: ESP # 1 Height of Observation Point: 70 Ft.
-Height of Point of Discharge: 80 Ft. Direction of Observer from Discharge Point:E at

_ start, moved to W at 13:20
Description of Background: Sky

Description of Sky: Hazy

Win:@ Direction: S-SW Wind Velocity: 3-5 MPH
Color of Plume: White | Detached Plume: No
Duration of Observation: 194 Min.

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Opacity Time Upacity
Set Number Start End Sum Average  Set Number Start End Sum Average

1 1143 1148 65 2.7 21 1421 1426 5 0.2
2 1149 1158 70 2.9 22 1427 1432 5 0.2
3 1155 1200 75 3.1 23 1433 1438 15 0.6
4 1201 1206 55 2.3 24 1439 1444 20 0.8
5 1207 1212 60 2,5 25 1445 1450 10 1.4
6 1213 1218 90 3.8 26 1451 1456 15 9.6
7 1219 1224 65 2.7 27 1457 1502 5 9.2
8 1225 1230 85 3.5 28 1503 1508 10 0.4
9 1231 123 60 2.5 29 1509 1514 0 0.0
10 1237 1242 45 1.9 30 1515 1520 0 0.0
1 1246 1251 30 1.3 31 -

12 1252 1257 55 2.3 32

13 1258 1303 20 0.8 33

14 1307 1312 20 0.8 34

15 1345 1350 45 1.9 35

16 1351 1356 10 0.4 36
17 1357 1402 10 0.4 37

18 1403 1408 15 0.6 38

19 1409 1414 35 1.5 39
20 1415 1420 20 0.8 40
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“TABLE C-36
FACILITY D

Summary of Visible Emissions
Observer # 2 -

Date: 8/7/74

Type of Fiant:Lime Kiln

Type of Discharge: Stack Distance from Observer to Discharge Point:100 Ft{
Location of Discharge: ESP # 1 Height of Observation Point: 75 Ft.
Height of Point of Discharge:100 Ft. Direction of Observer from. Discharge Point: E at

start, moved to W at 13:20
Description of Background: Sky - .

Description of Sky: Hazy

Wind Direction: S . Wind Velocity: 8-10 MPH
Color of Plume: White : Detached Plume: No
Duration of Observation: 193 Min.

SUMMARY OF AVERAGE OPACITY SUMMARY. OF AVERAGE OPACITY
Time Opacity Time . Opacity
Set Number Start End Sum Average Set Number Start End Sum Average -

1 1143 1148 15 0.6 21 1409 1414 30 1.3
2 1149 1154 0 0.0 22 1415 1420 15 0.6
3 155 1200 0 0.0 23 1421 1426 0 0.0
4 1200 1206 10 0.4 24 1427 1432 .0 0.0
5 1207 1212 15 0.6 25 1433 1438 0 n.0
6 1213 1218 80 3.3 2% 1439 1444 - 0 1.0
7 1219 1224 65 2.7 27 1445 1450 O 9.0
8 1225 1230 5 0.2 28 1451 1456 -0 0.0
9 1231 1236 0 0.0 29 1457 150 0 0.0
10 1237 1242 20 0.8 30 1503 1508 . O 0.0
11 1243 1248 0 0.0 3] 1509 1514 0 0.0
12 T249 1254 0 0.0 32 1516 1520 0 0.0
13 1256 1300 35 1.5 33 | o
14 1301 1306 55 2.3 34
15 1307 1312 65 2.7 35
16 1313 1318 0 0.0 36
17 1345 1350 5 0.2 37
18 1351 1356 5 0.2 38
19 1357 1402 30 1.3 39
20 1203 1408 10 0.4 20
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TABLE C-37
FACILITY D

Summary of Visible Emissions

Observer # 1
Date: 8/8/74

Type of Fiant: Lime Kiln

Type of Discharge: Stack Distance from Observer to Discharge Point: 100 Ft.
Location of Discharge: ESP # 1 Height of Observation Point: 80 Ft.
Height of Point of Discharge: 100 Ft. Direction of Observer from Discharge Point: E.

Description of Background: Sky

Description of Sky: Partly Cloudy

Wind Direction: S-SW Wind Velocity: g-10 MPH.
Color of Plume: White Detached Plume: No
Duration of Observation: 196 Min.

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
Time Upacity Time Upacity
Set Number Start End Sum Lverage Set Number Start End . Sum Average

1 1026 1031 5 0.2 21 1244 1249 30 1.3
2 1032 1037 20 0.8 22 1250 1255 0 0.0
3 1038 1043 20 0.8 23 1256 1301 0 0.0
4 1044 1049 20 0.8 24 1302 1307 0 0.0
5 1050 1055 35 1.5 25 1308 1313 5 0.2
6 1056 1101 5 - 0.2 26 1314 1319 5 7.2
7 1102 1107 5 0.2 27 1320 1325 0 0.0
8 1108 1113 25 1.0 28 1326 1331 5 0.2
9 1114 1119 15 0.6 29 1332 1337 0 0.0

10 1120 1125 25 1.0 30 1338 1343 0 0.0
1 1126 1131 10 0.4 31 1344 1349 20 0.8
12 1132 1137 5 0.2 32 1350 1355 65 2.7
13 - 1138 1143 0 0.0 33

14 1144 1149 10 0.4 34

15 1150 1155 0 0.0 35

16 1156 1201 5 0.2 36

17 1220 1225 5 0.2 37

18 1226 123] 0 0.0 38

19 1232 1237 5 0.2 39

20 0 0.0 40

1238 1243
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TAGLE C-38
FACILITY D

Summary of Visible Emissions
Observer # 2

Date: 8/8/74

Type of Piant: Lime Kiln

" Type of Discharge: Stack Distance from Observer to Discharge Point: 100 Ft.
Location of Discharge: ESp # 1 : Height. of Observation Point: 80 Ft.
Height of Point of Discharge: 100 Ft. Direction of Observer from Discharge Point: E

Des;ription of Background: Sky

Description of Sky: Partly Cloudy

Wind Direction: S : " Wind Velocity: 12-15 MPH
Coior of Plume: White - Detached Plume: No
Duration of Observation: 193 Min.

SUMMARY OF AVERAGE OPACITY - SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number Start End Sum Average Set Number Start . End Sum Average

1026 1031

1 35 1.5 21 1244 1249 0 0.0
2 1032 1037 5 0.2 22 1250 1255 0 0.0
3 1038 1043 10 0.4 23 1256 1301 0 0.0
4 1044 1049 85 3.5 24 1302 1307 0 0.0
5 1050 1055 5. 0.2 25 1308 1313 0 7.0
6 1056 1101 0 0.0 26 1314 1319 0 7.0
7 1102 1107 0 0.0 27 1320 1325 0 9.0
8 1108 1113 0 - 0.0 c 1326 1331 0 0.9
9. 114 1119 0 0.0 2. 1332 1337 0 0.0
10 1120 1125 0 0.0 30 1338 1343 0 0.0
T 1126 11N 0 0.0 31 1344 1349 10 0.4
12 1132 1137 0 0.0 32 1350 - 1355 0 0.0
13 1138 1143 0 0.0 33
14 1144 1149 0 0.0 34
15 1150 1155 0 0.0 35
16 1156 - 1201 0 0.0 36
17 1220 1225 0 0.0 37
18 1226 1231 0 0.0 .38
19 1232 1237 0 0.0 39
20 1238 1243 0 0.0 a0
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Table C~39
Summary of Test Results
Plant E

Fuel - 0.92% S Coal
Control Equipment - Baghouse

RUDs Y0k, run) 1-1 2-2 1-2 3-1 3-2 2-3 ACé?Qée
Date (1975) . 9-9 9-10 9-10 9-10 9-11 9-12 -
Test Time-Minutes 132 132 132 132 132 132 132
Stone Feed Rate- ' | i
tons/hr 20 20 20 19 20 15 19
Stack Effluent | | L
F]ow Rate-ACFM 14,138 * 16,670 16,058 17,859 17,599 13,895 48,108
Flow Rate-DSCFM 9,809 10,35 10,379 10,649 11,115 9,513 30,909
Temperature-°F 267 288 261 294 278 233 270
Water Vapor-Vol.% - 4.45 11.87 11.60 4.7 11.22 9.25 10,5
C02—V01.% dry 8.8 9.6 9.6 9.6 9.6 8.2 9.2
0,-Vol.% dry 13.8 13.6 13.6 13.6 1.7 14.4 13.5
C0-Vol.% dry 0 0 -0 0 0.2 0 0
N2 & other gases- -
Vol.% dry 77.4 76.8 ° 76.8 76.8 78.5 77.4 77.3
NO, ~ppm 208 166 288 216
CO-ppm _ 15 113 _ 21 57 52
Particulate Emissions
Front Half _ .
gr/DSCF 0.0099 0.0040 0.0067 ° 0.0049 0.0072 0.0033 0.0059
gr/ACF 0.0068 0.0025 0.0040 0.0029 0.0045 0.0023 0.0038
1b/hr 0.829 0.351 0.546 0.449 0.682 0.271 1.564

1b/ton of feed rate 0.041  0.018  0.027 0.024  0.034  0.018 .08
Total Catch

gr/BSCF 0.0171  0.0074 0.0106 0.0123 0.0127 0.0073 0.0225

gr/ACF 0.01718 0.0046 0.0068 0.0073 .0.0080. 0.0050 0.0072

1b/hr 1.436 0.658 0.942 1.124  1.210 0.593 2.964

1b/ton 0.072 0.033 0.047 0.059 0.061 0.040 0.156
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TABLE C- 40
FACILITY E

- Summary of Visible Emissions

Date: 9/9/75° Distance from Observer to Discharge Point: 150 Ft..
Type of Plant: Lime and Cement " Height of Observation Point: Ground Level -
Type of Discharge: Stack . ' Directioh of Observer from Discharge Point: East

. - : 0'| . --d .:_ . b
L°§%§EE"#?f Ragc#frge Baghouée ut eﬁ #3 . Wind Velocity: 2 5 miles/hr
Height of Point of Discharge: 80 Ft. Detached Plume: No

Description of Background: Sky (blue background) Observer No. 1

Descriptidn of Sky: Clear to Partly Cloudy
Wind Direction: East' o
Color of Plume: White

Duration of Observation: 3 hrs.

. SUMMARY OF AVERAGE OPACITY

Time ~ Opacity

Set Number Start End Sum Average

1-4 1130 1153 0 0

5 1154 1159 75 3.1

6-12 1200 1241 - 0 - 0.

13(4) 1242 1245 0 0

14(1) 1305 1305 0 0

15-25 1306 - 1408 0 0
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TABLE C -41
FACILITY £

Summary of Visible Emissions

Date: 9/9/75 Distance from Observer to Discharge Point: 60 Ft.
Type of Plant: Lime and Cement Height of Observation Point: Ground Level
Type of Discharge: Stack Direction of Observer from D1schar3e Point: South
*From 1131-1257 Stack #2 was read for visible
Location of’D1scharge Baghouse #3, emissicns, hcwever, the particulate run on
Run #1,% Stack #2 was voided at the halfway point in the
Height of Point of Discharge: 80 Ft. run, so observer #2 switched to read Stack #1

from 1306-1400 hours.

Description of Background: Blue sky

Wind Velocity: 5-10 mph
Description of Sky: Clesr
Detached Plume: No
Wind Direction: SE '

Observer #2
Color of Plume: White

Duration of Observation: 3 hrs.

SUMMARY OF AVERAGE OPACITY

Time Opacity

Set Number Start End Sum Average

1(5) 1131 1135 0 0
2-4 1136 1153 0 0
5 1154 1159 110 4.6
6-7 1200 1211 0 0
8 1212 1217 5.0 0.2
9-14 1218 1253 0 0
15(4) 1254 1259 0 0
16-26 1306 1405 0 0
27(4) 1406 1409 10 0.6
\
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TABLE C-42
FACILITY E

Summary of Visible Emissions

Date: 9/10/75 Distance from Observer. to Discharge Point:150 Ft.
Type of Plant: Lime and Cement Height of Observation Point: Ground Level
Type of Discharge: Stack . | Direction of Observer from Discharge Point:gast
Location of Discharge: Outlet Baghouse #3, Wind Velocity: 2-5 mph

Stack #1, Run #2
Height of Point of Discharge: 80 Ft. Detached Plume: No

Description of Background: Sky, blue backgraound

Description of Sky:Clear, blue sky Observer No. 1
Wind Direction: East

Color of Plume: White

Duration of Observation: 3 hrs.

SUMMARY OF AVERAGE OPACITY

Time Opacity

Set Number Startt End Sum Average

1(5) 0819 0823 0 0
2-6 0824 0853 0 0
7 0854 0859 30 1.3
8-16 0900 0953 0 0
17(2) 0954 0955 0 0
18(3) 1015 1017 0 0
19-29 1018 1123 0 0
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TABLE C-43
" FACILITY E

Summary of Visible Emissions

Date: 9/10/75 . -~ ...~ . . .Distance from Observer to Discharge Point:60 Ft
Type of R]ant: Lime and Cement o , ~Height of Observation Pdint: Ground Level
Type of Discharge: Stack = . . Direction of Obsefver_frOm Discharge Point:
- C : ' Southeast
Location of Discharge: Baghouse #3 Outlet, -Wind Velocity: 0-10 mph e
Stack #1, Run #2 o -
Height of Point of Discharge: 85 Ft. . Detached Plume: No.

Description of Background: Blue sky Observer No. 2.
Description of Sky: 80% Clear |

Wind Direction: East

Color of Plume: White

Duration of Observation: 3 hrs. ‘ N

SUMMARY OF AVERAGE -OPACITY

Time | Opacity

Set Number  Start End  Sum  Average
1(5) - 0819 0823 (

0 0
2-6 0824 0853 0 0
7 0854 0859 40 1.7
8-13 0900 0935 0 0
14 0936 0941 10 0.4
15-25 0942 1047 ' 0
26 1048 1053 10 0.4
27-31 1054 1122 0 0
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TABLE C-44
FACILITYE

Summary of Visible Emissions

Date: 9/10/75 _ Distance from Observer to Discharge Point:150 Ft.

Type of Plant: Lime and Cement Height of Observation Point: Ground Level
Type of Discharge: Stack _ Direction of QObserver from Discharge Point:East
Location of Discharge:Baghouse #3 Outlet, Wind Velocity: 2<5 mph
Stack #3, Run #1 ' '
Height of Point of Discharge: 80 Ft. Detached Plume: No

Description of Background:Clear to partly
cloudy (blue to white) sky

Observer No. 1
Description of Sky:(Clear to Partly Cloudy '

Wind Direction: East
- Color of Plume: White

Durétion of Observation: 2 hr. 42 min.

SUMMARY OF AVERAGE OPACITY

Time Opacity

Set Number Start End Sum Average
1-28 1300 1547 0 0
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TABLE C-45
FACILITYE

Summary of Visible Emissions

Oate:9/10/75 : | . _ _ Distance from Observer to Discharge Pafnt: 90 Ft.
Type of Plant: Lime and Cement - - . Height of Observation Point: Ground Level
Type of Discharge: Stack ‘ Direction of Observer from Discharge Point:

‘ ' ' ' Southeast
Location of Discharge: Qutlet Baghouse #3, Wind Velocity: 0-5 mph- S

Stack #3, Run #1 -
Height of Point of Discharge: 80 Ft. Detached Plume: No

Description of Background: 50% Clear sky, white
and blue background
Description of Sky: Partly cloudy

Observer No. 2

Wind Directiuh:East
Color of Plume: White S ‘ e

Duration of Observation: 2 hr. 41 min.

SUMMARY OF AVERAGE OPACITY

Time Opacity

Set Number Start End  Sum Average
1-27 1300 - 1541 0 0
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TABLE C-46
FACILITY E

Summary of Visib]e'Emissiohs

Date: 9/11/75 _ Distance from Observer to Discharge Point: 150 Ft,
Type of Plant:Lime and Cement _ Height of Observation Point: Ground Level
Type of Discharge: Stack _ | Direction ofdppseryér,frOm DischérgqlPdiht:East
Location of Discharge: Outlet Baghouse #3, Wind Velocity: 2-5 mphl

Stack #3, Run #2 .
Height of Point of Discharge: 80 Ft. Detached Plume: No

Description of Background:Blue sky backgrougd Observer No. 1

Description of Sky: Blue, clear skys; white background
0908-0954, 1005-1006, 1018-1034

Wind Direction: Fast

Color of Plume: White

Duration of Observation: 2 hrs. 34 min.

SUMMARY OF AVERAGE OPACITY

Time Opacity

Set Number Start End Sum Average

1-26 0800 1034 0 0
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TABLE C-47
FACILITY E

'Summary of Visib]e Emissions

Date: 9/11/75 | Distance from Observer to Discharge Point: 90 Ft.
Type of Plant:Lime and Cement Height of Observation Point: Ground Level
Type of Discharge: Stack B "~ Direction of Observer from Discharge Po1nt:
Southeast”
Location of Discharge 0ut1et #3 Baghouse, w1nd Ve]oc1ty: 0-10 mph
Stack #3, Run #2 _ )
Height of Point of Discharge: 80 Ft. Detached Plume: No

Description of Background: B]ue to White Sky Observer #2
Description of Sky 95% C]ear

Wind D1rect1on East

Color of_P]ume,,White

Duration of Observation: 2 -hr. 33 min.

SUMMARY OF AVERAGE OPACITY

Time Opacity

Set Number Start  End Sum Average

(1) 0805 0805 0 0
2-4 0806 0823 0 0
5 0824 0829 35 1.5

6 0830 0835 5 1.5
7 0836 0841 30 1.3
8-23 0842 1017 0 0
24 . 1018 1023 10 0.4
25 . 1026 1029 0 0

0

26(4) 1030 1033

C-60




Table C-48
Summary of Test Results

Plant F
‘Fuel - 1.86% S Coal
Control Equipment - 15  IWC Scrubber

Run No. 1 o2 3 Average
Date (1975) . 9/15 9/16 | 9/16 _ o
Test Time-Minutes 120 120 120 120
Stone Feed Rate-

tons/hr 51.6 51.6 51.6 51.6
Stack Effluent

Flow Rate-ACFM 139,222 137,890 133,885 136,999

Flow Rate-DSCFM 97,037 97,021 91,216 95,091

Temperature-°F - 148 147 151 149

Water Vapor-Vol.% 19.81 18.73 - - 20.96 19.80

C0,-Vol.% dry 12.7 12.3 13.6 12.9

0,-Yol. % dry ©11.8 11.8 n.z 11.6

C0-Vol. % dry 0 0 0 0

N, & other gases- ' _ '

Vol.% dry 75.6 - 75.9 75.2 75.5

NO, ~ppm - 121 100 89 103

CO-ppm : 34.9 17.5 103.7 _ 52
Particulate Emissions

Front Half -

gr/DSCF 0.0296 0.0211 0.0315 0.0274

gr/ACF 0.0206 0.0148 0.0215 - 0.0190

ib/hr 24.626 17.510 24.628 22,255

1b/ton of feed rate 0.477 0.339 0.477 0.431

Total Catch _

gr/DSCF 0.0360 0.0259 0.0375 0.0331

gr/ACF _ 0.0251 0.0182 0.0256 0.0230

1b/hr 29.952 1 21.497 29.292 26.914

1b/ton of feed rate 0.580 0.417 0.568 0.522
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TABLE C-49
FACILITY F .

Summary of Visible Emissions

Date: 9-16-75

Type of Plant: Lime

Type of Discharge: #3 Kiln Venturi Scrubber Stack
Height of Point of Discharge: 85 Ft.

Distance from Observer to Discharge Point: 300 Ft.
Height of Observation Point: Ground Level
Direction of Observer from Discharge Point: ESE
Description of Background: Sky

Description of Sky: Partly Cloudy

Wind Direction: NE

Nind Velocity: 5 MPH

Color of Plume: White (Steam)

Detached Plume; No

Duration of Observation: 1 hr.

SUMMARY OFf AVERAGE OPACITY

Observer No. 2

Observer No. 3

Time Opacity Opacity
. Set Number Start End Sum Average Sum Average
1 1500 1505* 10 0.4 10 0.4
2 - 1506 1511* 0 0 0 0
3-10 1512 1559 0 9 0 0

*Observer No. 1
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Table C-50
Summary of Test Results
. Plant G -
Fuel: Lime-3.53% S Coal, DBD-2.96% S Coal
Control Equipment: 15 IWC Scrubber

Lime Lime DBD DBD

Kiln
Test Location - Inlet Outlet Inlet  OQutlet
Date (1975) 12/8 12/3-6 12/9 12/9
Number of Tests " 6 6 6 6
Stone Feed Rate:: 33.7 31.2 23.4 23.4

TPH o
Stack Effluent
Flow Rate-ACFM 92,510 91,970 82,200 82,200
Flow Rate-DSCFM 59,180 57,674 50,450 50,450
Temperature-°F - 980 153 1500 160
Water Vapor-Voi.% '5.65 22.7 8.4 26.7
C0o-Vol.% dry | 19.7 17.0 18.8 17.4
0,-Vol.% dry 10.0 11.8 9.5 10.7
C0-Vol.% dry | -0 0 0 0
N2 & other gases- |
Vol.% dry 70.3 . 71.2 7.7 71.9
S0,- EPA Method 6 - |
1b/hr 272 2.9 179 7.8
ppm 450 5.0 347 15
Dynascience .
ppm 435 - 310 37

CO-ppm 110 321 72 92
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Tahle C-51
Summary of Test Results
~Plant H
Fuel: 2.97% S Coal
Control Equipment: Baghouse

Run No. 4 s 8 9 10 T Average

Date’ (1976) <1729 1729 1731 13 731 R

Number of Tests 5 6 6 6 . 6 5

Stone Feed Rate- 170 170 - 170 172 0 w72 0 72 7N
TPH :

Stack Effluent o
Fiow Rate-ACFM 240,022 248;451. 249,045 262,698 240,616 . 288,148 248,451

Flow Rate-DSCFM 161,740 167,420 . 167,820 177,020 162,140 194,170 167,420
Temperature-°F 290 290 290 290 200 290 290
Water Vapor-Vol.%  4.88 4,88 - 4.87 4.89 4.8 4.85  4.88
C0,=Vol.% dry - 12.0  16.8 - 7.1 15.3 15.3
0,-Vol.% dry - 13.8 1.2 - 10.8  12.3 12.0
C0-Vol.% dry . 0 0 - 0o 0 0

Np other gases- - 742 72,0 - 24 727

Vol.% dry o -
505~ ppm 256 121 284 194 143 196 199
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Table C-52

Atmospheric Hydrator.
Summary of Particulate Test Results

Plant H-A H-B B¥*
Control Equipment Wet Wet Wet
' Scrubber Scrubber Scrubber
Lime Feed Rate-tons/hr _ 14 17-18 14
Water Feed Rate-gals/min 28 : 34 45
Hydrated Lime Production 17-18 22 17
tons/hr

Stack Effluent

Flow Rate-ACFM 10,980 7,646 10,320
Flow Rate-DSCFM 4,824 1,338 4,560
Temperature-°F 176 201 175
Water Vapor-Vol. % 46.7 77.9 47
C0z-Vol. % dry 0 | 0 0
02-V01.'% dry 20.42 21.0 21.0
CO-Vol. % dry o 0 0
No and other gases- 79.57 79.0 79.0
Vol. % dry

Particulate Emissions

Probe & Filter Catch

gr/DSCF 0.0286 0.1856 0.024
gr/ACF 0.0125 0.0325 0.011
1b/hr ' 1.17 2.084 0.950
1b/ton feed _ 0.084 0.117 0.068
Kg/iyg ton feed - 0.042 0.059 0.034

 *P1ant test results using EPA Method 5.
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Tab]e c- 53
Summary of Test Resu]ts

Plant H-A
_ Atmospher1c Hydrator
Control Equ1pment - Ducon Scrubber

"Date _’ Y YA [ C O V2 o5/ SRR VAT-V5 7 S

Test Time-Minutes a0 240 125
Lime Feed Rate-tons/hr 14 4 "  14 R VO
Water Feed Rate-tons/hr -~ 7 B 2 JE N

Hydfated_Lime Production . 17-18 17-18 1718 1718
tons/hr . ' ' , S

Stack Effluent : N o

Flow Rate-ACFM . 10,701 11,154 11,084 10,980

Flow Rate-DSCFM -~ * 4,901 4,775 . 4,797 . 4,824
o TemperatUre-°F R VL 178 77 176
| Water Vapor-Vol.z ~  44.5 48.0 . - - 47.5 . 46.7
CoCog-Volugdey o 0 L T |
0p-Vol.% dry 2043  20.43 20.43  20.43
CO-Vol.% dry o 0 0 0

 Np and other gases- . 79.57 " 79.57 79.57 79.57
Vol.% dry C o o : - -

) Partlculate Emissions

Probe & Fi]ter Catch o . o ‘ ;

gr/DSCF . 0.0216 0.0269 - 0.0366 - 0.0286

gr/ACF 0.0099 0.0115  0.0158  0.0125°
b/hr - 091 1.10 .50 0 o 117
b/ton o 0.065  0.079  ..0.107 0.084
Total Catch o o S B -

gr/DSCF 0.0269  0.0346 0.0403. 0.0342

gr/ACF - 0.0123 0.0148 0.0175 ~  0.0149

/e - T3 142 1.66 1.40
1b/ton .. 0.081 001 019 . 0.100
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TABLE C-54
) FACILITY H-A )
Summary of Visible Emissions

Date: 4/18/74

Type of Fiant: Limé Hydration .

Type of Discharge: Stack

Location of Diécharge:?Hydrator Exhaust
Height of Point of DiSébarge:N 100°
Description of Backgroﬁ;a:SKY |
Description of Sky: Overcast

Wind Direction: S

Color of Plume: Steam Plume

Duration of Observation: 1 hour

SUMMARY 'OF AVERAGE OPACITY

Distance from Observer to Discharge Paint:~ 200‘

Height. of Observation Point: Ground Level

_'Direction of Observer from'Dgséharge'Point:El“'-'

Wind Velocity: 0-10
Detached Plume: No

SUMMARY OF -AVERAGE. OPACITY

Time Opacity-

Time.. ... Opacity

Set Number Start End Sum  Average

Set Number  Start  End - Sum - Average

10:13  10:19

1 0 0
2 10:19 10:25 0 -0
3 10:25 10:31 0 0
4 10:31 10:37 0 0
5 10:37 10:43 0 0
6 10:43 10:49 0 0
7 10:49 10:55 0 0
8 10:65 11:01 0 0
9 . 11:01 11:07 0 0
10 h 11:07  11:13 0 0
11 ; g -
12

13

14

15

16

17

18

19

20

21
22

- 23
24
25
26
27
28

- 29

-

.‘. :. 3] 3» ,
32
33
34
35
36
37
38
39
40
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Table C-55
Summary of Test Results

Plant H-B
Atmospheric Hydrator ]
Control Equipment - Ducon Scrubber

¥

Run No. 1 2 3 | Average -

Date (1975) 9-12 9-17 . 9-17 -

Test Time-Minutes 128 128 128 128

Lime Feed Rate-- o _ - S
tons/hr 18 17.2 18 17.7

Hydrated Lime | |
Production~
tons/hr 22 21 22 21.7

Water to Hydrator-gpm 13.3 15.3 16.5 15

Water to Scrubber-gpm 20 19 19 19

Stack Effluent _

" Flow Rate-ACFM 7291 8191 7455 7649
Flow Rate-DSCFM 1207 1576 - 1232 1338
Temperature-°F 201 200 203 201

" Water Vapor-Vol % 79.1 75.7 _79.0 77.9
C0p-Vol.% dry 0 0 0 0
0o-Vol.% dry 21.0 21.0 21.0 21.0
C0-Vol.% dry 0 0. 0 0
N2 & other gases-

"Vol.% dry 79.0 79.0 79.0 79.0

Particulate Emissions . B
Probe & Filter Catch
gr/DSCF 0.1139 0.1439 0.2962 0.1856
gr/ACF 0.0189 0.0299 0.0489 0.0325
1b/hr 1.179 1.944 '3.128 2.084
1b/ton 0.0655 0.113 0.173 0.117
Total Catch ‘
~gr/DSCF 0.1320 0.1487 © 0.3097 0.1968
gr/ACF 0.0219 0.0286 0.0512 0.0344
1b/hr. 1.365 2.008 3.271 2.215
1b/ton 0.0758 0.117 0.182 0.125




Plant A |

The facility tested was a rotary Time kiln which produces a high calcium
metallurgical lime. Emissions are controlled by a baghouse which receives
the kiln off-gas after it is cooled by a combination of water spray and
tempering'air. Each‘of'the six stacké from the baghouse was tested once -
using EPA Method 5.

The kiln product1on was steady at 460 tons/day during the test period,
which is 92 percent of the rated production capacity of 500 tons/day. Because
of the 1ow particu]ate concentrations, the testing was performed during" “
four hour periods._ A summary of the complete testing resu1ts is shown in ”_"
Table C-56. Visible emissions weré negligible throughout the test per1ods. :
(See Table C-57 through C-63.)

The plant A baghouse is not typ1ca1 of those in use in the lime
industry. Large quant1t1es of dilution air infiltrate through the corrugated
asbestos siding and doors into the clean air side of the baghouse. It is
unknown how this affects the performance of the baghouse, but this baghouse
did not-perform-as well as the two other baghouses (plants B and E) that
were source tested in conjunction with this study.

Plant A Baghouse -

Type - Pressure Baghouse

_Bag Material = Fiberglass fabric

No. of Compartments « 12 compartment with 78 bags in each compartment
No. of Stacks - 6

‘Destgn Pressure Drop - 2 1/3 to 3 L,H,C

~ Cloth Area - 87,048 ft |
.Bag C]ean1ng ~ Reverse air flow (one compartment at a time)

N Cloth Area (operating) - 79,794 £t
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Fan Design - 140,000. ACFM @600°F
Design Air to Cloth Ratio - 1.75:1
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Table C-56

Fuel-1.28% S Coal

Plant A

Summary of Test Results

Control Equipment - Baghouse

Run_No. 1) 1 2 3 4 5 6
Date 6/11/74 | 6/11/74 | 6/12/74 | 6/12/74 | 6/13/74 6/13/74 o
Test Time-Minutes 240 240 240 240 240 240 240
Stone Feed Rate-
tons/hr 37.7 37.7 38.6 38.6 38.2 38.2 38.2
Stack Effluent '
Flow Rate-ACFM 37.049 33,032 .| 35,532 32,375 38.024 35,078
Flow Rate-DSCFM 23,797 22,407 23,162 21,247 24,878 23,156
Temperature-°F 290 263 284 269 272 273 275
Water Vapor-Vol.% 6.5 4.8 6.3 7.5 7.4 6.5 6.5
C02-Vol.% dry 6.8 5.8_ 7.0 7.0 7.0 7.0 6.9
05-Vol.% dry 19.5 19.5 16.5 16.5 16.5 16.5 17.5
C0-Vol.% dry 0 0 0 0 1] 0
N and other gases-

Vol.% dry 73.7 73.7 76.5 76.5 76.5 76.5 75.6
NO,-ppm 41.8. 38.1 72.9 50.9
S0p-ppm 80.9 77.4 - 106.0 90.7 100.0 94.8 91.7
CO-ppm 15 580 30 208

particulate Emissions
Probe & Filter Catch
gr/DSCF } 0.0223 0.0216 0.0098 0.0109 0.0125 0.0116 0.0148
gr/ACF 0.0143 0.0146 0.0064 | 0.0072 0.0082 0.0076 0.0097
1b/hr 4.55 4.06 1.96 1.98 2.67 2.30
1b/ton 0.121 0.108 0.058 0.051 0.070 0.060
Total Catch
gr/DSCF 0.0361 0.0404 0.0320 0.0254 0.0257 0.0319 0.0319
gr/ACF 0.0232 0.0274 0.0208 0.0167 0.0168 0.0211 0.0209
1h/hr 7.36 7,76 6.36 4.62 5.47 6.33
1b/ton 0.195 0.206 0.165 0.120 0.143 0.166

(1)0ne test on each of 6 stacks.
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TABLE C-57
FACILITY A

Summary of Visible Emissions

Observer # 1
Date: 6/11/74 .

Type of Piant: Lime | | __ o
Type.of Discharge: Stack #1 & #2 Distance from Observer to Discharge Point: ~ 100"
Location of Discharge: #5.Kiln Heféht,of Observation Point: Ground Level .
Height of Point Df‘Distharge: v 80! - Direction of Observer. from Discharge Point:

Description of Background: Sky

Description of Sky: Overcast

Wind Direction: SE ER _ ‘Wind Velocity: ™ 20
Color of Plume: White ‘ ._ - Detached Plume: No
Duration of Observation: 4 hours

SUMMARY OF AVERAGE OPACITY - SUMMARY OF AVERAGE OPACITY
_ Time Opacity | T T Time Opacity
Set Number Start™ End Sum  Average  Set Number  Start  End Sum. Average . .

1 12:38  12:44 10 0.4 21 - 15:56  16:02 0 - 0
2 12:44  12:50 0 0 22 16:02  16:08 0 0
3 12:50 12:56 0 0 .23 - 16:08 16:14 0 0
4 12:56  13:02 0 0 24 - 16:14. - 16:20 0 - 0
5 13:02  13:08 0 0 25 - 16:20  16:26 0 - - ¢
6 13:08 13:14 0 0 26 16:26 . 16:32. 0 0
7 13:14  13:20 25 1.0 27 - . 16:322 16:38 0 0
8 13:20 13:26 0 0 28 16:38 - 16:44 10 - 0.4
‘9 13:26  13:32 0 0 29 - 16:44  16:50 0 - 0
10 13:32  13:38 0 0 30 16:50 16:56 0@ 0
1 13:38  13:44 0 0 31 . 16:56  17:02 0. 0
12 13:44 13:50 0 0 39 17:02 ~ 17:08 @ 0
13 13:50 13:56 15 0.6 33 17:08 17:14 g - 0
14 13:56  14:02 0 0 34 . 17:14  17:20 0 0
15 14:02 14:08 0 0 35 17:20  17:26 @ 0
16 14:08 14:14 ¢ 0 36 17:26 - 17:32 0 - 0
17 14:14  14:20 0 0 37 17:32 - 17:38 0. 0
18 14:20 14:26 0 0 38 17:38  17:44 0 0
19 14:26  14:32 ¢ 0 39 - 17:44 17:50 0 . 0
20 14:32 14:32 0 0 0 0

40 : 17:50 17:56
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TABLE C-58
FACILITY A

Summary of Visible Emissions
Observer # 2
DPate: 6/11/74

Type of Piant: Lime

Type of Discharge: Stack #1 & #2 Distance from Observer to Discharge Point:~ 100'
Loéation of Discharge: #5-Kiln Height of Observation Point: Ground Level
_}\yeight of Point of Discharge: ™ 80' Direction of Observer from Discharge Point:
EBéSCription of Background: Sky '

_Déscription of- Sky: Partly Cloudy

'ﬁind D{rection: SE : Wind Velocity: 5-10 |

‘C61or of Plume: White Detached Plume: No

Duration of Observation: 2 hours

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY
. Time Opacity Time Opacity
';§et Number Start End Sum Average Set Number Start End Sum Average

1 16:01  16:07 0 0 21
2 16:07 16:13 0 0 22
"3 16:13 .16:19 0 0 23
4 16:19 16:25 0 0 24
-5 16:25 16:31 0 0 25
6 16:31  16:37 0 0 26
-7 16:37 16:43 0 0 27
8 16:43 16:49 0 0 28
‘9 16:49 16:55 0 0 29
10 16:55 17:01 0 0 30
-1 17:01  17:07 0 0 3]
12 17:07  17:13 0 0 32
13 17:13  17:19 0 0 33
14 17:19 . 17:25 0 0 34
15 17:25 17:31. 0 0 35
16 17:31  17:37 0 0 36
17 17:37  17:43 0 0 37
18 17:43 17:49 0 0 38
19 17:49 17:55 0 0 39
20 17:55 18:01 0 0 40
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TABLE C-59
FACILITY A
Summary of Visible Emlss1ons Lo

Date: 6/12/74
Type of Eiant: Lime
Iypé of -Discharge: Stack-#3 & #4

Location of Discharge:#5 K11n

Height of Point of: D1scharge o, 80' T

Description of Background: Sky

Description of Sky:Clear to Partly Cloudy
Wind Direction:SW | |

Color of Plume:White

Duration of‘Observation:m.4-hours

"o+ " SUMMARY. OF AVERAGE OPACITY

Observer # 1

r1D1rect1on of Observer from: Dlscharge Points:

!

_ amrd 0T e
-Distance from Observer to QischdrgéjPointt, )
_ - AM A 25" PM A 100" _
Height of ObservationiPoﬁnt:AM_m 70' PM~Ground
Leve]

A O T SRR

" Wind Velocityz~ 20

Detached Plume: No

- SUMMARY OF AVERAGE OPACITY

‘ - Time Upacity Time Upacity.
Set Number Start End Sum -~ Average Set Number . Start End.  Sum Average

| 10:63 . 10:59 .0 . 0 21 13:48  13:54 . 0. 0 .

2 . 10:59 - 11:06 30 - 1.3 22 - 13:54  .14:00 0 0 -
3 11:06 - 11:11 . & 0.2 23 14:00 14:06 .0 0

4 - =11 1117 .0 0 24 14:06 14:12 ‘0 0

5 1];J7 - 171:23 5 0.2 25 A 14:12 14:18 0 0.

6 11:23  11:29 0 0 26 ' 14:18 - 14:24 0 0 :

7 11:29  11:35 @ 0 27 14:24  14:30 0 0 -

8 = 11:35 © 13:41 -0 . 0 28 - 14:30  14:36 10 0 -
9 11:41 - 11:47 0 0 29 14:36 14:42 0 0
10 11:47 11:53 0 0 - 30 : 14:42 14:48 0 0
11 11:53 - 11:59 0. 0 31 : 14:48 . 14:54 0 - 0
12 - 11:59 . 12:05 0. 0 37 14:54 :15:00 Q- 0
13 12:05 12:11 25 1.0 33 15:00 "15:06 . 0 0 -
14 12:117 12:17 0 0 34 15:06  15:12 0 . 0
15 12:17 ~12:23 0 0 35 15:12  15:18 0 0
16 l2:23 J2:29 0 0 36 15:18 - 15:24 0 0
17 12:29  '12:35 0 0 37 15:24 -15:30 0 0
18 12:35 . 12:41 0 0 38 15:30  15:36 0 0
19 . 12:41  12:47 0 0 39 15:42  15:48 .0 0 -
20 13:42 13:48 0 0 40 R :
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TABLE C-60
FACILITY A

mmary of Visible Emissions
Su Ir‘(Ybs.elr'ver # 2

Date: 6/12/74

Type of Piant:Lime '

Type of Discharge:Stack #3 & #4

Location of Discharge:#5 Kiln
Height of .Point of Di#chérge: ~ 80"
Descriptiqn of Background: Sky
Description of Sky: Clear to Partly Cloudy
Wind Direction: SW '
Color of Plume: White

Duration of Observation: 4 hours

SUMMARY OF AVERAGE OPACITY

Distance from Observer to Discharge Point:
AM ~ 25' PM ~100'

Height. of Observation Point:
AM ~ 70' PM-Ground Level

Direction of Observer from D1scharge Point: . .

Wind Velocity:~ 20
Detached Plume:No

'SUMMARY OF AVERAGE OPACITY

_ Time Upacity Time Opacity
Set Number Start End Sum . Average  Set Number Start End Sum_ Average .-

1 10:53 10:59 O 0 21 13306 13:11 0 0

2 10:59 11:05 20 0.8 22 13:11 13:17 0 0

3 11:05 11:11 .0 0 23 13117 13:23 0 0 .

4 11:11 11:17 0 0 - 24 13:23 13:29 0 0 .

5 11:17 - 11:23 0 0 25 13:29 13:35 0 0
6 11:23  11:29 0 0 .26 13:35 - 13:41 0 0

7. 11:29 11.35 0 0 27 13:41 13:47 0 0

8 11:35  11:41 0 0 .28 . 13:47 - 13:53 0 0
9 11:41  11:47 o 0 29 13:53 13:59 0 0
10 . 11:47 11:53 0 0 - 30. 13:59 14:05 0 0
1 11:53 11:59 o -0 31 ' 14:05 14:11 0 0
12 11:59 12:05 0 0 32 14:11 14:17- 0 0
13 12:05 12:11 10 0.4 33 14:17  14:23 0 0 -
14 - 12:11 12217 .0 0 34 14:23 14:29 . 0 0
15 12:17  12:23 0 -0 35 14:29 14:35 0 0
16 . 12:23 12:29 0 0 ‘36 14:35 - 14:41 0 0 -
17 12:29 .12:35 0 0 37 14:41 14:47 0 0
18 12:35 .12:41 0 .. 0 - 38 14:47  14:53 0 0
19 12:41 12:47 0. 0 - 39 14:53  14:59 0 0
20 12:47 12:53 10 0.4 40 14:59 15:05 O 0
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TABLE C-61
FACILITY A

Summary of Visible Emissions
Observer # 1 '

Date:6/13/74

Type of Fiant:Lime ' S '

: 'Type of Discharge:Stack #5 Distance from Observer to Discharge Point: ~2s"
Location of Discharge: #5.Kiln Height of Observation Point: ~ 70!
Height of Point of Discharge: ~ 80° - Direction of Observer from Discharge Point:

¢

Description of Baékground: Sky

Description of Sky: Partly “C1oudy

Wind Direction: S R Wind Velocity: ~ 20
Color of Plume: White Detached PTume: No
Duration of Observation: 2 Hours

SUMMARY OF AVERAGE OPACITY . SUMMARY OF AVERAGE OPACITY
Time Op‘ac_ity ‘ Time Upacity
Set Number Start End  Sum Average  Set Number Start End Sum Average

1 9:31 9:37 0 0 21
2 9:37 9:43 30 1.3 22
3 9:43 9:49 0 0 23
4 9:49 9:55 0 0 24
5 9:556 10:01 0 0 25
6 10:01  10:07 0 0 26
7 10:07 10:13 0 0 27
8 10:13  10:19 0 0 28
9 10:19  10:25 0 0 29
10 10:25 10:31 0 0 30
N 10:31  10:37 0 0 31
12 10:37 10:43 0 0 32
13 10:43  10:49 0 0 33
14 10:49 10:55 0 0 34
15 10:56  11:01 0 0 35
16 11:01  11:07 0 0 36
17 11:07  11:13 0 0 37
18 11:13  11:19 0 0 38
19 11:19  11:25 0 0 39
20 11:25  11:31 0 0 - 40
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TABLE C-62

FACILITY A

summary of Visible Emissions
Observer #1

Date: 6/13/74

Type of Piant: Lime

Type of Discharge:Stack #6 Distance from Observer to Discharge Point:n 100!
Location of Discharge: #5.kiln Height. of Ohservation Point: Ground Level
Height of Point of Discharge:~ 80" Direction of Observer from Discharge Pqint:

Description of Background: Sky

Description of Sky: Overcast

Wind Direction: S SW . Wind Velocity: 5-10
Color of Plume: White _ Detached Plume: NO
puration of Observation: 2 hours

SUMMARY OF AVERAGE OPACITY ~ SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity =~
Set Number Start End  Sum  Average  Set Number ~ Start End  Sum  Average

1 11:46 11:52 0 0 21
2 11:62 11:58 b 0.2 22
3 11:58 12:04 O 0 23
4 12:04 12:10 0O 0 24
5 12:10 12:16 0 0 25
6 12:16 12:22 O 0 26
7 12:22 12:28 0 0 27
8 12:28 12:34 O 0 28
9 12:34 12:40 O 0 29
10 12:40 12:46 0 0 30
11 12:46 12:52 0 0 3
12 12:52 12:58 O 0 32
13 12:58 13:04 0 0 33 .
14 13:04 13:10 O 0 34
15 13210 13:16 0 0 35
16 13:16  13:22 0 0 36
17 ©13:22 13:28 O 0 37
18 13:28 13:34 O 0 38
19 13:34 13:40 O 0 39
20 13:40 13:46 O 0 40
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TABLE C-63
FACILITY A

Summary of Visible Emissions
Observer #2

Date: 6/13/74

Type of Piant: Lime

Type of Discharge: Stack #6 Distance from Observer to D1scharge fognt
Location of Discharge: #5 Kiln Height of Observation Point: GPOUNd Level
Height of Point of Discharge: ~ gp Direction of Observer from Discharge Point:

Description of Background: sky

Description of Sky: Overcast _

Wind Direction: § sy | Wind Velocity: 5-10
Color of Plume: White : Detached Plume: No
Duration of Observation: 1 hour 46 min.

SUMMARY OF AVERAGE OPACITY . SUMMARY OF AVERAGE OPACITY
Time Opacity Time Opacity
Set Number — Start End Sum Average ~ Set Number Start End Sum Average

1 12:10  12:16 ¢ 0 21 it
2 12:16  12:22 0 0 22
3 12:22  12:28 ¢ 0 23
4 12:28 12:33 ¢ 0 24
5 12:34  12:40 0 0 25
6 12:40 12:46 0 0 26
7 12:46 12:52 0 0 .27
8 12:52 ~ 12:58 ¢ 0 28
‘9 12:58  13:04 ¢ 0 29
10 13:04 13:10 o 0 30
1 13:10 13:16 0 0 31
12 13:16 - 13:22 ¢ 0 32
13 13:22  13:28 ¢ 0 33
14 13:28  13:34 0 0 34
15 13:34  13:40 o 0 35
16 13:40 13:46 0 0 36
17 13:46  13:52 ¢ 0 37
18 13:52  13:56 0 0 38
19 : : 39
20 40
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APPENDIX D
"EMISSION MEASUREMENT AND CONTINUQUS MONITORING

D. 1 Emission Measurement Methods

For the lime industry investigation, the Environmental Protection
Agency used Method 5 for particulate emission measurement, Method 6
for sulfur dioxide emission measurement, and Method 9 for visible
emissions measurement. These have been established as reference

methods in Federal Register, v36 n247 December 23, 1971, and Federal

Register, v39 n219 November 12, 1974, respectively.

Method 5, as prescribed in the above reference, was conducted
without difficulty at all of ‘the rotary kiln exhausts tested. Diffi-
culties were encountered when Method 5 was used at lime hydrator
exhausts. It was found that isokinetic sampling conditions could
not be maintained by using the average prevailing exhaust gas
parameters for the sampling nomograph described in APTD-0576. This is
due to the high water vapor content at saturation for the exhaust gas
temperatures and the large moisture content variations caused by rela-
tively small temperature changes. At Facility H-A, this difficulty
was countered by continually resetting the sampling nomograbh by
assuming saturated conditions at the measured exhaust température.

At the moisture content levels present at this facility (44-48 percent),
this procedure was found adequate. Two of the three test runs met
the allowable isokinetic condition range of 90-110 percent, with the

third being only slightly high at 115 percent. At Facility H-B, the
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exhaust gas temperatures were such that the moisture content ranged
‘from 76~ 79 percent by vo]ume It was necessary to extend the mo1sture
_content sca]e of the nomograph for use at these water vapor content

. levels. The procedure for accomp11sh1ng.th1s extens1on has peen w
described in "Adjustments in the EPA Nomograph for Different Pitot
Tube Coefficients end Dry Mo]ecu1ar_weights" (Stack Sampling News,

2:4-11 October 1974) by R. T. Shigehara. With this extended nomo-
graph, sampling was conducted in a 1ike manner to that used at P]ent H-A.
Of three tests performed, one met the allowable isokinetic condition
range at 99 percent, one was low at 89 percent, and one was high at
118 percent. | |
Testing was also performed at a third hydrator facility using
’the extended nomograph where the exheust gas moisture.content ranged
from_76-86-per¢ent. The resu]ting isokinetic conditions ranged from
140 to 190 percent and were regarded as unacceptable. |
‘The variability of isokinetic conditions obtained at the last two
N faciiities is probebiy-due to the fact that a + 3 volume percent error
~in averege-moisture estimation at the 75 to 85% level will result in
1sok1net1c dev1at1ons greater than the a]]owab1e + 10%. This d1ff1cu1ty
was compounded at the Tast testing described by the variability of the
~.exhaust gas moisture content.
_ An;a]ternate procedure that.can be used when continuous temperature
monitoring and nomograph adjustment are not adequate to maintain isokinetic
conditions is the measurement of sampling rate prior to water vapor

condensation. in the sampling train. An example of how this can be

D-2




accomplished is the use of a calibrated orifice installed on'thed

samp11ng probe immediately ‘following the nozzle. In this configuration,
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accomplished is the‘use of a-ca1ibrated orifice installed bnnthe"-
samp]ihg probe immediately following the nozzle. In this Configuration,
the sampling rate necessary for isokinetic conditions can be directly
| related to the exhaust gas velocity without a correctionffor moisture
cbntent; ‘ | o

For the majority of the rotary kilns tested, Viéib]e'emissibng
determinations cdu]ﬁ be made with Tittle or no difficulty, depending
on the prevailing weather conditioné. An exception was encountered
at a faci]ity'that employed a water scrubber for emissions control.
Thg'highly visible, aftached water vapor plume and overcast weather
renderted deteétion of other possible visible eﬁissions virtually 5
impossiblé- . | |

At both hydrator facilities tested, water vapor ﬁlumés”fkém:%ﬁe
scrubber control devices rendered visible emissions déterminétioh ;
either extremely difificult or impossible. |

Method 6 for sulfur d{oxide'measurement'was used With varying
degrees of success at sampling Toca&ions prior to and/or after emission
control devices at the various facilities téﬁtéd"in:thé.iﬁVesfiéafion-
At Faci]ities‘A, B, and C, Method 6;'as prescfﬁbeh 16 fHe‘abbﬁeg"
reference, was used after control devices. At Féci1ity‘di; Method 6
procedures with larger impingers and proportiona]]y“1érg¢r'amdﬂmt§hof
absorbing'sb1uti;ﬁ§-were used after a control device to facilitate
Tonger sampling durations. At Facilities E,F, G, and'H,'Methodﬂé
was used both before and after control devices. In additfdh;?ihétru-
mental SO, analyzers were operated to obtain 1ndependent“§0mbaratiVe
measurements. |
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No testing prob]ems were reported at Facilities A, B, C or D and
the resu]ts are not unreasonab]e for the type fuels,.used at the
facilities. \D1ff1cu1t1es were encountered at Facilities E, F, G,rehd H.
At Facility E, five of the six tests at the baghouse inlet resulted
in 80, concentrations comparable to those obtained with an_instrument
during a non-simultaneous period. The sixth result was a zero SOy
concentration. At the baghouse outlet, five of the six runs resulted
1n'zero‘concentration, with the sixth result comearable'to-non-
simultaneous instrumental results.

At Facility F three tests were performed at the inlet and out¥et
of the scrubber. Two of the tests at ‘the inlet resulted in zerj
concentration while the third yielded a result that was _@PProximately
one- -half that yielded by a s1mu1taneous1y operated instryment.,

At the scrubber outlet, all measurements by Me*hod 6 and the '
instrument resulted in zero SO concentrat1ons

* Since the emission

control device was a scrubber, 1t is Pﬁﬁgonab]e to conclude that the
S0z concentrations in this' case ware Tess than the minimum detectible
levels for both Method GF%nd the 1nstrument, which is about:10 pPpmv.

At Fac1]1ty G S1x tests were. performed before and after the
scrubbers O"feach of two kilns. At the outlet locations, Method 6 was
USPu‘WTth no particulate f11trat1on (glass wool) in the samp11ng probes.
KNThe results. compared favorably w1th_1nstrumenta1%measurements in that
no response'was obtained fer.Method 6 results that were at approximately
the instrument's minimum detection limit. Initial testing at the soft-

burned 1ime serubber*ih]ef were unSuccessfu]."When'particu1atesfi1tra-‘
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~ tion at the gas stream temperature was used, or when visible accumu-
lations of particulates were observed in the probe-to-sampling-train
glassware, either zero or 1ow'(COmpared't6 instrumental measurements)
§Oé coficentrations were obtained. After the sampling interface system
-was modified to incorparate a probe with'shié1déd gas pickup ports
for particulate deflection, all Method 6 measurements were comparable
‘to instrument results.

At Facility H, tests were performed on each of three inlets to
the baghouse and at the baghouse outlet. At the inlet locations,
‘shielded gas probes were used for both Method 6 and instrumental
sampling. It'was found that this was.not adequate to prevent particu-
late accumulation in the Method 6 connection glassware or the instru-
ment sampling lines. No successful interface system could be developed
at the test site. Therefore, all measurements except those made during
the first test run are questionable. At the baghouse outlet, no -
particulate filtration was used and the Method 6 data compare favorably
with instrument results. No particulate accumuTations were observed
during out]et*samp]ing[

_ Because of the questionable S0 results obtained at the above

- facilities, the\gas stream parameters and sampling procedures at
Facilities E, F, G, and H were reviewed in attempt-to identify a
“condition that would consistently yield low SO» results. It was
found that zero SO, concentration results were obtained under a
variety of temperatures, gas compositions, and particulate loadings.

The only consistent variable was that particulates were accumulated
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by either in-stack filtration or'deposition 1n'the Method 6 glassware.

From thermodynamic and kinetic considerations of the potential
particulate-SO2 reactions under dry conditions,(]’z’B) the foTTowing
qua]itafive statements can be made:

1. The equilibrium conversion of gaseous SO2 to solid sulfur

compounds will be increased by a) increased temperature
and b) the increased ratios of gas/solid reactants versus
products.

- 2. The rate of conversion will be increased by a) increased solid

- surface area for reaction (greater ratio of small particles),

and b) increased contact residence time.

' No-duantitative estimates of reaction can be made from theoretical

considerations because of the complexity and variability of the systems.

For reaction systems where water is present, the mechanisms could
be different depending on the amount present and physical state of the
water. The most reactive conditions would be expected when water is
present in the 1iquid state.

Laboratory tests have shown that dry, Ca0- SO react1ons at tempera-
tures up tn 2800F do not occur to a detect1b1e extent at the samp11ng
rate range used with Method 6 procedures. These data cannot be used
to estimate the degree of reactions at higher temperatures.

An additional series of tests are being conducted in order to
identify any possible conditions undér which reaction will 1nterfere'

in a wet CaO-SOz.










‘  .tAnJadd1tional series of tests with known quantities of SO, Ca0, and
stack moisture content have demonstrated that, under high moisture condi-
tions, significant gains in particulate weight can be experienced on the
filer of the Method 5 train. At temperatures up to 300°F, SO concentra-
tions of about 600 ppm, and moisture content greater. than 22 percent
by volume, the particulate weight gain ranged from 6 to 15 percent of a
100 to 120 mg total catch. As the Ca0 used for these tests was obtained
from products samples, the;é remains some question about how much of this
apparent Ca0-S0p reaction would occur in the stack prior to sampling.
Combining the theoretical considerations and experimental results
with general conditions present at Facilities E, F, G, and H result in
two possible causes for particulate interfarence with sulfur dioxide
determination. These are (1) dry Ca0-S02 reaction and subsequent
filtration at temperatures greater than 280°F and (2) high gas
moisture reaction with Ca0 and 50,. Wwhile no absolute statement is
possible, in the cases where zero or low results were obtained either

one or both of the above causes were potentially present.

In order to avoid potential interference problems, particulate
entrainment should be prevented or minimized to the extent that no
s0lid accumulations are visible in the sample :interface system. No
in-stack filtration should be used at gas temperatures greater than
280°F. If necessary, all connecting -apparatus prior to the absorbing

solutions should be heated to prevent moisture condensation.
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D.2 Monitoring Systems

The visible emissions monjtoring systems that are adequate for
other stationary sources, such as steam generators, covered by performance

specifications contained in Appendix B of 40 CFR 60 (Federij;Register,

October 6, 1975), should also be applicable to lime plants, except where
condensed moisture is present in the exhaust stream. When scrubbers

are used for emission reduction from rotary lime kilns and hydrators,
monitoring of visible emissions is not required;

Equipment and installation costs for visible emissions monitoring
are estimated to be about $18,000 to $20,000 per site. Annual operating
costs, which includes the recording and reducing of data, are estimated
at about $8,000 to $9,000 per site. Some economics in operating costs
may be achieved if multiple svstems are reauired at a aiven facility.

D.3 Performance Test Methods

The recommended performance test method for particulate matter is

Method 5 (Appendix A, 40 CFR 60, Federal Register, December 23, 1971).

In order to perform Method 5, Methods 1 through 4 must also be used.
Subpart A of 40 CFR 60 requires that affected facilities which are
subject to standards of performance for new stationary sources must be
construéted so that sampling ports adequate for the required performance
tests are provided, Platforms, access, and utilities necessary to perform
teSting.at those ports must also be provided. |

Sampling costs for performing a test consisting of three Method 5
runs is estimated to range from $5,000 to $9,000. If in-plant personnel
are used to conduct tests, the costs will be somewhat less.

The recommended performance test method for visible emissions is

Method 9 (Appendix A, 40 CFR 60, Federal Register, November 12, 1974).
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APPENDIX E
IMPACT CALCULATIONS

The additional control potential of new or revised standards of
performance stems from the application of emission standards that are more
stringent than those presently applied to construction and modification.
This (impact) for a specified time period, is expressed as

(g - Ty)

Where: Ts = Emissions per year under baseline year control regulations

TN = Emissions per year under new or revised standards of performance.
To calculate the contrql potential of control options other factors must
be considered, such as the portion of growth requirements that can be satisfied
from present unused capacity and the obsolescence and replacement rates of
existing facilities. Such a comparison can be expressed mathematically.
The following notation is used in the development of the relationship
between projected emissions under baseline year (1976) regulations and the

control options.

-t
]

g = total emissions in 1986 year under baseline year regulations
(tons/year)

-
n

N = total emissions in 1986 with control options adopted in 1976,
(tons/year)

-~
i

normal fractional utilization rate of existing capacity, assumed
constant during time interval

B = production ca?acity from construction and modification to replace
obsolete facilities (production units/yr) '

C = production ca acitx from construction and modification to increase
output above baseline year capacity (production units/yr)

Es = allowable emissions under existing regulations (mass/unit capacity)
for new construction

m
1]

N allowable emissions under control option (mass/unit capacity)

Ts -

Th = K (B + C) (ES - Ep)

E-




For

Rotary Lime Ki]ns -- Particulate Emissibns :

From Chapter_7, Tab]e_7-61

K =
B +

B +

0.893 |
C = 16,522,000 tons-§ime/year (1987)
¢ = 14,985,000 megagrams 1ime/year (1987) = .

For Options A-1 and Br1_(des¢ribéd\in 6.1.1) . ..
From Table 6-2 o e
0.030 kg/Mg Time (0.60-1b/t Time) . .

Ep = .

Es = 1.00 kg/Mg lime (2.00 16/t Time)

E - E, = 0.70 kg/Mg lime (1.40 1b/t: Time).

T, - T =K (B+*C) (Eg - Ep) o

Tg - T, = 0.893 (14,985,000) (0.70)

Tg - Ty = 9,370,000 kg/year. | ‘

Tg - Tp = 9,370 megagrams/year (10 330 tons/year)

For Opt1ons A-2 and B-2 (descr1bed in 6.1. 1)
From Table 6-2 S
0.50 kg/Mg lime (1.00 1b/t 1ime)

Ep =

E, = 1.00 kg/Mg lime (2.00 1b/t Time)

Eg - E, = 0.50 kg/Mg-1ime (1.00 1b/t Time)

Tg - Ty = K (B +C) (Es - Ej)

To - T = o 893 (14,985 ooo) (0. 50)

Ts - T = 6,690,000 kg/year |

Ts - T, = 6,690 megagrams/year (7376 tons/year)
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I1.

For Lime Hydrators -- Particulate Emissions

From Chapter 7, Table 7-6
K = 0.84

B + C = 775,000 tons hydrate/year (1987)

703,000 megagrams hydrate/year (1987)

B+C
For the Control Option described in 6.2.1

£, = 0.06 kg/Mg hydrate (0.12 b/t hydrate)

E = 0.40 kg/Mg hydrate (0.80 1b/t hydrate)

Es - E, = 0.34 kg/Mg hydrate (0.68 1b/t hydrate)
Ts-Tn=K(B+C)(E5-En) | |
Tg - T, = 0.84 (703,000) (0.34)

Te - Ty = 201,000 kg/year

Tg - Ty = 201 megagrams/year (221 tons/year)

E-3




b gzn




TECHNICAL REPORT DATA
(Plcase read Instructions on the reverse before completing)

1. REFORT NO. 2. 3. RECIPIENT'S ACCESSIONNO.
EPA-450/2-77-007a '
4. TITLE AND SUBTITLE 5. REPORT DATE

Standards Support and Environmental Impact Statement, April 1977

Volume 1: Proposed Standards of Performance for Lime |6 PERFORMING ORGANIZATION CODE
Manufacturing Plants '

7. AUTHORLS) r PERFORMING ORGANIZATION REPORT NO.

Emission Standards and Enaineering Division

B TR YY"

" PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM _ELEMENT NO.
U.S. Environmental Protection Agency
0ffice of Air Quality Planning and Standards {7 CONTRACT/GRANT NO.

Research Triangle Park, North Carolina 27711

12. SPONSORING AGENCY NAME AND ADDRESS 13. TYPE OF REPORT AND PERIOD CDVERED_.

14, SPONSORING AGENCY CODE

15. SUPPLEMENTARY NOTES

16. ABSTRACT -

Standards of performance for the control of particulate matter emissions from
affected facilities at new and modified lime manufacturing plants are being proposed
under the authority of sections 111, 114, and 301(a) of the Clean Air Act, as
amended. The standards would require that particulate matter emissions be reduced
by over 99 percent below the uncontrolled levels, and by about 70 percent below
the emission levels being achieved by existing sources controlled to meet typical
state standards. Volume 1 discusses the proposed standards, and an analysis of
the associated environmental and economic impacts is included in this document.
Volume 2, which will be published when the standards are promulgated, will contain
a summary of the public comments on the proposed standards and EPA's responses.

A discussion of any differences between the proposed and promulgated standards will
also be included.

7. KEY WORDS AND DOCUMENT ANALYSIS
DESCRIPTORS b. IDENTIFIERS/OPEN ENDED TERMS |c. COSATI Field/Group

Air pollution Air nollution control
Pollution control
Standards of performance
Lime manufacturing plants
Particulate matter

— I
18, DISTAIBUTION STATEMENT 15 SECURITY GLASS (This Report] | 21. NO. OF PAGES
Unlimited Unclassified 328
20. SECURITY CLASS (This page) 22. PRICE
Unclassified

EPA Form 2220-t (9-73)

F-1

=y.5. GOVERMENT PRINTING OFFICE: 1977 = 740-110/301









