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INTRODUCTION

Standards of performance under section 111 of the Clean Air Act are proposed
fo]]owing a detailed investigation of air pollution control methods available

to the affeéted industry and the impact of their costs on the industry. This
document summérizes the information obtained from such a study of the kraft
pulping industry. Its purpose is to explain in detail the background and

basis of the proposed sfanaards and to facilitate analysis of the proposed
standards by 1nterested 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 Reaister notice of proposed standards, write to

Public Information Center (PM-215), Environmental Protection Agency, Washington, D. C.

20460 (specify Standard SUpport and Environmental Impaét‘Stdtement: Standards
of Performance for Kraft Puip Mills, Volume I).

AUTHORITY FOR THE STANDARDS

Standards of performance for new stationary sources are developed under
section 111 of the Clean Air Act (42 USC 1857¢c-6), as amended in 1970. Section 111
requires the establishment of standards of performance for new stationary
sources of air pollution which ". . .may contribute significantly to air
pollution which causes or contributes to the endangerment of nublic health
or welfare." The Act requires fhat standards of performance for such sources

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




of the best system of emission reduction which (taking 1n£o_aﬁcount the cost
of'achieving such reduction) the Administrator determines has been adequately
demonstrated.” The standards apply only to stationary sources, the construction
or modification of which commences after regulations are proposed by publication

in the Federal Register.

Section 111 prescribes three stebs_to follow in establishing standards of
performance.
1. The Administrator must identify those categories of stationary sdurces
for which standards of performance will u1timate1y be promulgated by

Tisting them in the Federal Register.

2. The regulations applicable to a category so Tisted 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. Within SC days after the proposal, the Administrator must promulgate
standards with any a]terations)he deems ‘appropriate. '

Standards of performance, by tﬁemseTves, do not gquarantee protedfion of
health or welfare; that is, they are.not designed td.achieve any sbecific
air quality Tevels, 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 po11ution problems from develoning.

Previous 1ega1‘cﬁa11enqe$ to standards of performance have resulted in
several court decisions!*2 of importance in developing future standards. In
those cases, the nrincipal issues were whether EPA: (1) made reasoned decisions
and fully explained the basis of the standards, (2) made gvai1ab]e to interested
parties the information on which the standards were based, and (3) adequately _

considered significant comments from interested parties.
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AmOnQ 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 "best;" (2) in considering costs it is not necessary to
provide & 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.

Promu1gafion of standards of performance does not prevent State or local
agenéies from adopting more stringent emission limitations for the same sources.
On the contraty, section 116 of the Act (42 USC 1857-D-1) makes clear that Statés
and othe} political subdivisions may enact more restrictive standards.
Furthermore, for heavily polluted areas, more stringent standards may bé required
under section 110 of the Act (42\USC 1857¢c-5) in order to attain or maintain
national ambient air quality standards prescribed under section 109 (42 USC i857c-4).
Finally, section 116 makes clear that a State may not adopt or enforce less

stringent new source standards than those adopted by EPA under secticn 111.
Although standards of performance are normally structured in terms of

numerical emission 1imits where feasib]e,l/ alternative approaches

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

] o
—/"'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 81-1196.
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a new source may be ihpractiéa] or exorbitantly expensive. For example,
emissions of hydrocarbons from storage vessels for petroleum liquids are
greatest during tank fi11ina. “The natﬁre of the emissions (high
'concentrat1ons for short periods dur1nq f1111nq and Tow concentrat1ons for
longer periods dur1nq storaqe) and the conf1qurat1on of storage tanks make
direct em1ss1on measurement impractical. Therefore a more nract1ca1
anproach to standards of oerformance for storaqe vessels has been equibment
snecification.

SELECTION OF CATEGORIES OF STATIONARY SOURCES

Section 111 directs the Administrator to bublish and from time to time revise
a 1ist of eategories of sources for which standards .of performance are to be
prOpoééd; A category is to be selected ". ... if [fhe Administrator] determines
it may contribute sigﬁificant1y tb air pollution which causes or contributes to
the endangerment of public health or welfare."

Since passége 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 approach'that has evolved is as follows. Sn9c1F*c
dareas of interest are 1dent1f1ed by cons1der1ng the broad strategy of the Agency
for implementing the Clean Air Act. Often, these "areas" are actually pollutants
which are primarily emitted by stationany sources. Source categories which emit
these pollutants are then evaluated and ranked by a process involving such
factors as (1) the level of emission contrb] (if ahy)'a1ready required by
State regulations; (2) estimated levels of contro1 that might result from
standards of 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 prevented; 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 standard immediately for a source
category with a high priority. 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 tﬁme required tb complete the
necessary investigation for different source categories. Substantially more

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

in a single source category. Further, even late in the development process the
schedule for completion of a standard may change. For example, inability to
obtain emission data from well-controlled sources in time to pursue the development

process in a systematic fashion mayv force a chanoe in scheduling,

Selection of the source category leads to another major decision: determination
of the types of facilities within the source category to which the standard will
apply. A source category often has several facilities that cause air poliution.
Emissions from some of these facilities may be insignificant or very expensive
to control. An investigation of economics may show that, within the costs that
an owner could reasonab1y_afford,‘air pollution control is better served by applying
standards to the more severe pollution problems. For this reason (or perhaps
because there mav be no adequately demonstrated system for controlling emissions
from certain facilities), standards often db not apnly to all sources within
a category. For similar reasons, the stahdards may not aoply to all air

- pollutants emitted hy such sources. Conseauently, although a source category
may be selected to be covered by a standard of performance, not all pollutants

or facilities within that source category may be covered by the standards.
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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 pollution contro]
(considering costs) that has been adequately demonstrated at the time of their
design and Construction. In so doing, Congress sought to:

1. Maintain existing high-quality air,

2, Prevent new air pollution oroblems, and

3. Ensure uniform national standards for new facilities.

Standards of performance, therefore, must (1) realistically reflect
best demonstrated contro] practice; (2) adequately consider the cost of
such control; (3) be applicable 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 nrogram for development oi standards is to identify
the best system of emission reduction which "has been adequately demonstrated
(considering cost)." The legislative history of section 111 and the court
decisions referred to earlier make clear that the Administrator's Judgment
of vhat is adequately demonstrated §s not limited to systems that are in
acfuai routine use. Consequently, the search may include a technical assess-
ment of control systems which have been adequately demonstrated but for vhich
there is limited operational exoerience. In most cases, determination of
the "degree of emission Timitation achievable" is based on results of tests
of emissions from existing sources. This has required worldwide investigation
and measurement of emissions from control systems. Other countries with heavily
populated, industrialized areas have sometimes develoved more effective systems
of control than those used in the United States.
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Since the best 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 we11-contro11ed sources’ are
obvious starting points in developing emission 1imits for new sources.
However, since the control of existing sources generally represents retrofit '
technology or was originally designed to meet an existing State or local regulation,
new sources may be able to meet more stringent emission standards. Accordingly,
other information must be considered and judgment 1is necessarily involved in
setting proposed standards.
Since passage of the Clean Air Amendments of 1970, a process for the development
of a standard has evolved. In general, it follows the quidelines below.
1. Emissions from existing well-controlled sources are measured.
2. Data on emissions from such sources are assessed with consideration
of such factors as: (a) the representativeness of the source tested
(feedstock, operation, size, age, etc.); (b) the age and maintenanee of
the control equipment tested (and possible degradation in the efficiency
of control of similar new equipment even with good maintenance procedures);
(c) the design uncertainties for the type of control equipment beina
considered; and (d) the degree of uncertainty that new sources will be

able to achieve similar levels of control.

3. During development of the standards, information from pilot and
prototype installations, guarantees by vendors of control equipment,
contracted (but not yet constructed) projects, foreign technology, and
published literature are considered, especially for sources where
"emerging" technology appears significant.

4. Where possible, standards are develoved which permit the use of

more than one control technigue 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 control
rather than "add-on" systems of air po11ution control

6. Where possible, standards are developed to permit use of systems capnable of
controlling more than one pollutant (for example, a scrubber can
remove both gaseous and particulate matter emissions, whereas an
electrostatic precipitator is specific to particulate matter).

7; Where'apnropriate, standards for ~isible emissions are developed in
conjunction with concentration/mass emission standards. The opacity
standard is established at a level which will require proper opberation
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, suéh as with
fugitive sources of emissions. In these cases, only opacity standards
may be developed to Timit emissions.

CONSIDERATION OF COSTS

Section 111 of the Clean Air Act requires that cost be considered in deve1oping
standards of performance. This requires an assessment of the nossible 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 onerating costs for varioﬁs
demonstrated control systems, each control system alternative having a different
overall control capability. The final step in the analysis is to determine the

economic imnact 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
constfutted 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.
supplies, and preducer profitability.

The economic impact upon an industry of a proposed standard is usually
addressed both in absolute terms and by comparison with the control costs that
would be incurred as a result of compliance with typical existing State control
regulations. This incremental approach is taken since a new plant would be
required to comply with State requlations 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 sfandard.

The costs for control of air pollutants are not the only costs considered.

Total environmental costs for control of water pollutants as well as air nollutants
are analyzed wherever possible.

A thorough study of the prof1tab111ty and price-setting mechan1sms of the
industry is essential to the analysis so that an accurate estimate of potential
adverse economiclimpacts can be made. It is also essential to know the capital
reqﬁirgments 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.
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CONSIDERATION OF ENVIRONMENTAL IMPACTS

Section 102(2)(c) of the National Environmental Policy Act (NEPA) of 1969
(PL 91-19n) reauires Federal agencies to orenare detailed environmental statements -
on proposals for legislation and other major Federal actions significantly
affecting the quality of the human environment. The objective of NEPA is to
build into the decision-making nrocess of Federal agencies a careful consideration
of all environmental asnects of pronosed actions.

As mentioned earlier, in a number of legal challenges to standards of
performance for various industries, the Federal Courts of Aoneals have held
that environmental imnact statements need not be nrepared byithe Agencv for
proposed actions under section 111 of the Clean Air Act. Essentially, the Federal
Courts of Appeals have determined that "...the hest system of emission reduction,"”
“...require(s) the Administrator to take into account counter-productive environ-
mental effects of a proposed standard, as well as econcmic costs to the industry..."
On this basis, therefore, the Courts "...estab]ishéd a narrow exemption from |
NEPA for EPA determinations under section 117,072

In addition to these judicial determinations, the Energy Sunnly 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 siqniffcantlv affecting the quality
of the human environment within the meaning of the National Environmental
Policy Act of 1969."

The Agency has'concluded, however, that the preparation of environmental
impact statements could have beneficial effects on certain requlatory 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 nrenared for various regulatorv actions;
including standards of nerformance develoved under section 111 of the Clean
Air Act. This voluntary oreparation of environmental imnact statements, however,
in no way 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 imnacts associated with the pronosed standards. Both adverse and beneficial
impacts in such areas as air and water nollution, increased solid waste disposal,
and increased energy consumotion are identified and discussed.
IMPACT ON EXISTING SOURCES

Standards of performance may affect an existing source in either of two
ways. Section 111 of the Act defines 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 pronosal of the:standards, with a subseauent increase in air po]Tutibn,
it is subject to standards of performance. [Amendments to the general provisions
of. Subbart A of 40 CFR Part 60 to clarify the meaning of the term modification
were promulgated in the FEDERAL REGISTER on Decemher 16, 1975 (40 FR 58416).]

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 0011utant.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 53340n).]
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REVISION OF STANDARDS OF PERFORMANCE |
Congress was aware that the Tevel of air pollution control achievable by any

industry may improve with technological advances. Accordingly, section 111 of the

Act provides that the Administrator may revise such standards'from time to time,
-ATthough standards proposed and promulgated by EPA under section 111 are designed

to require installation of the ". . . best system of emission reduction . . . (taking
into account the cost). . ." the standards Wi]1 hbe reviewed periodically, Revisions
will be proposed and promulgated as necessary to assure that the standards continue
to reflect the best systems that become available in the'fufdﬁe Such revisions

will not be retroactive but will apply to stationary sources constructed or

modified aftev proposal of the revised standards.

VSTANDARDS OF PERFORMANCE FOR TOTAL REDUCED SULFUR COMPOUNDS

The proposed standards include Timitations on emissions of total reduced
sulfur (TRS) compounds. Since air quality criteria have not been issued for
TRS compounds and TRS compounds have not been listed aé hazardous air pollutants,
the promu1gation,of TRS standards for kraft pulp mills will require States to
establish standards of performance for TRS from existing kraft pulp mills
under section 111(d) of the Act.

Hydrogen sulfide, methy1l mercaptans,_dimethyl sulfide, and dimethyl disulfide,
taken as a groun, are called TRS. The most noticeable characteristic of TRS
is its highly odorous nature. PubTic opinion surveys often identify malodors
as the air pollutant that is most aoparent and of greatest personal concern
to the individual. A recent national task group evaluating air poliution research
goals indicated that odors are of considerable concern to the average person.3

This group also concluded that odors should be considered undesirable air pollutants,
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whether or not théy are linked to long-term health effects, simply because they
constitute an annoyance to people.

Numerous cases of individuals obtaining legal redress because of damages
suffered from the presence of odors have occurred.4 The effects vhich resulted
in compensations for damages include Toss of sleep, loss of appetite, nausea,

vomiting, and curtailment of the use or enjoyment of property.

The Administrator's decision to control TRS emissions under federal standards

was based on the following:

1. There are no hational ambient air quality standards for TRS to
provide protection against the effects of TRS.

2. Although many states have adopted TRS control regulations, major sources
of TRS emissions exist in several states with no TRS regulations.

3. A uniform national standard of performance for new sources would
discourage movement of major TRS emitters to states with no TRS
regulations.

4. Kraft pulp mills, one of the major sources of TRS emissions, are commonly
1ocated-nean‘major waterways that comprise borders between states. The
potential for interstate conflict concerning control of emissions from
such mills has prompted Federal investigations in the past.

The Administrator concluded that TRS should be regulatéd:under section 111

of the Act for the following reasons:

1. In contrast with the problems presented by the six pollutants for
which national ambient air quality standards have been promulgated,
the TRS problem is highly localized inthe vicinity of major point sources

and is not complicated by the presence of numereus area sources.
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Promulgating a national ambient ajr quality standard for TRS
under section 109 would require states to submif implementation
plans to attain and maintain such standards. Because of the
complex nroblems involved in relating emissions to ambient levels,
most plans would be based on the aDp1fcation of best demonstrated
control technology to a few major sources of TRS. The same
result can be accomplished more directly and efficiently through
the promulgation of standards of performance.

2. Adopting national standards of performance would be more comoatible
with existing state requlations than adonting ambient ajr quality
standards, vMost state regulations are expressed in terms of source

standards rather than ambient ajr standards.
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1. SUMMARY

1.1 ‘PROPOSED STANDARDS

standards of verfermance for new and modified kraft pulp mills
are being pronosed under the authority of section 111 of the Clean
Air Act. Emissions from these sources that will be controlled
are narticulate matter and total reduced sulfur (TRS). Preceding
the act of provosal has been the Administrator's determination that
emissions from kraft pulp mills contribute to the endangerment of oublic
health or welfare. In accordance with section 117 of the Act, nroposal
of the standards was preceded by consultation with appronriate
advisory committees, independent exverts, industry representatives,
and Federal departments and agencies.

The proposed standards limit emissions of particulate matter
from three affected facilities: the recoverv furnace, the smelt
dissolving tank, and the Time k11ﬁ. These three facilities account
for virtually all of the particulate matter emissions from a kraft pulp mill,
Emissions of TRS are to be limited from eight affected facilities:
the digester system, the brown stock washers, the multinle effect
evaporators, the black 1jquor oxidation system, the recovery furnace,
the smelt dissolving tank, the lime kiln, and the condensate stripner
system. These eight facilities account for virtually all of the odorous
emissions of TRS from a kraft pulp mill. A summary of the_proposed

standards and monitoring requirements js.presented in Table 1-1.
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The digester system, the brown stock washer system, the black
1iquor oxidation system, the multiple-effect evaporator system, ahd
the condensate stripper system are sources only of TRS emissions and
constitﬁte approximately 25 percent of the potential emissions from
the aerage kraft pulp mill. The noncondensable gas streams from
these fac11fties can be controlled through jncineration in the recovery
furnace, lime kiln, or separate incinerator. The demonstrated emission
level attainable by 1nc1nefation is less than 5 ppm. The proposed
standards for these facilities therefore 1imit concentrations of TRS
~to 5 ppm by volume (dry basis) on a four-hour average.
The recovery furnace, the smelt dissolving tank, and the 1ime
kiln are sources of both TRS and particulate emissions. The proposed
standard 1imits TRS emissions from the furnace to 5 ppm by volume
(dry basis) on a four-hour average and particulate emissions to 0.10 q/dscm
(a044 ar/dscf). The qag stream must be corrected to 8 volume
percent oxygen when the actual concentration exceeds 8 percent. In
addition, the opacity of the exhaust stream must not exceed 35 percent.
The proposed standards for the smelt dissolving tank h;ve been
developed in terms of a mass-per-unit-of-production basis. This is
for the purpose of preventing circumvention by dilution due to the
large amount of process air present. The proposed TRS standard limits
emissions to 0.N125 g/Kg ADP (Nn.0n25 1b/T ADP): the particulate standard

is proposed as 0.15 g/Kg ADP (0.30 1b/T ADP).
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The proposed standards for the Time kiln 1imit the concentration
of the TRS to 5 ppm by volume (dry basis) on a four-hour average. When
burning natural gas as fuel, the proposed particulate standard is,

0.15 g/dsem (0.067 gr/dscf); when burning fuel oil, the proposed .
standard is 0.30 g/dscm (0.13 gr/dscf). For both the TRS and
particulate standards, the gas stream must be corrected to 10 volume

percent when the actual oxygen concentration exceeds 10 percent.




1.2 ENVIRONMENTAL IMPACT

The beneficial and adverse environmental and economic impacts

. associated with the proposed standards and with the‘various controlv‘

system alternatives that were considered are presented in this section.
The impacts are discussed in detail in chapfer 7, Environmental |
Effects, and chapter 8, Economic Impact. A matrix summarizing
these impacts is included in Table 1-2. Appendix B contains a cross
reference between this document and the Agency's quidelines for
Environmental Impact Statements. |

Alternative number 1 is the baseline system upon which the
impacts associated with the other alternatives can be measured.

Alternatives 2, 3, 4, and 5 are systems which are combinations

of the potential best demonstrated control technologies, considering

costs. These five systems are described in chapter 4, Emission

Contro] Technology.

The impacts on air quality due tb reductions in TRS and
particulate emissions are beneficially large for alternatives
2, 3, 4, and 5. The impact on water supply and treatment for
the same alternatives is adverse but small. This impact is
due to the requirement of scrubbers on the smelt dissolving
tank and the 1ime kiln. An adverse solid waste impact may be
caused by the addition of an electrostatic precipitator to the
Time kiln control system under alternatives 4 and 5. The
impact, however, is considered to be small. Energy impacts

will be associated with each of the alternative standards.

'Comparing the impacts against system number 1 shows that a

small adverse energy impact is associated with aiternatives 2 and 3,
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and a moderate adverse impact is associated with alternatives 4

and 5. The additional impact assigned to systems 4 and 5 is due

to the higher electrical operating requirements on an ESP and

the fuel penalty of the separate incineration unit required when

an ESP is used. Impacts on noise levels due to the use of any

of the alternative control systems have not been quantified. It is

reasonable to assume that any impacts, if they are actually present,

are negligible. There are no known radiation impacts associated with

any of the alternatives under consideration. The ecdnomic {mpacts

associated with the alternatives have been judged to be negligible.
Two additional regulatory alternatives have also been considered:

the impact of delayed standards and the impact of no standards. In

both cases the adverse impact on air quality would be moderate to

large, since the new and modified facilities that would otherwise

fall under the proposed standards would be allowed to emit TRS and

particulate matter at existing rates. Other impacts due to these

alternatives are small positive impacts on water and solid waste,

a moderate positive impact on energy, and a negligible positive

economi¢ impact.
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1.3 INFLATION IMPACT

The costs associated with the proposed standards for new and
modified facilities at kraft pulp mills 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 nrice.

(3) Net national energy consumption increase,

(4) Added demands or decreased supnlies of selected materials.
Should any of the guideline values Tisted under these criteria be

exceeded, a full inflationary impact assessment is required.

1.4 CAPACITY AND COST IMPACT

The proposed standards will impact an estimated 17 million tons of
kraft pulping capacity by 1981. About one third of the capacity will be
affected as a result of expansion of existing mill capacity. The remainder
of the capacity will be affected by replacement of depreciated designated
facilities.

The total investment costs by 1981 are projected to be
approximately $104 million, The fifth year annualized costs, including
depreciation and interest, are estimated at approximately $33 million.
About one third of these costs will be Tncurred by mi11s expanding capacity;

the remainder by mills replacing depreciated designated facilities.
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2. THE KRAFT PULPING INDUSTRY

2.1 INTRODUCTION

Currently there are about 120 kraft pulp mills Tocated in 28
States throughout the United States. The areas of greatest density
are the Southeast, the Northwest, and the Northeast, in descending
order. A list of all kraft pulp mills currently operating in the
United States is ingluded in Appendix E.

The main product of the kraft pulping industry is wood cellulose
orpulp. MNearly all of the 32,342,000 tons of kraft pulp produced
in 1974 was used to make paper, linerboard and similar products. The
December 1975 market value of semi-bleached kraft pulp was about
350 dollars per ton. Plant size ranges from about 180 to 2550 tons of
pulp per day with an averaae pulp production per mill of about 770

tons per day.

During 1973 about 210,000 people were employed by the industry
in integrated pulp and paper mills and non-integrated pulp mills.
Total wages were about $2,100,000,000. Approximately 70 percent
of the pulp produced in the United States is produced by the kraft
process.

Due to the rapid growth rate of the industry, kraft mills are
a particularly attractive source category for new source performance
standards (NSPS). Between 1956 and 1975 the growth rate of the
industry was 5.5 percent per year. It is projected that kraft pulp
production will increase at a rate of 2.5 percent per year between
1975 and 1978. However, it is also projected that the industry

will return to a higher growth rate by 1980.
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Kraft pulp mills can be significant sources of odorous gases and
particulate emissions. These odors are offensive and sometimes
carry twenty miles downwind of a mill, subjecting an entire town
to foul odors from a single poorly controlled mi1l. Because of
the large areas affected, kraft pulp mills have prompted interstate
abatement activities and have caused international problems. The
State of Vermont sued the State of New York and International Paper
Company over the emissions from the pulp mill at Ticonderoga,

New York. The United States Supreme Court involved EPA as a friend

of the Court for the purpose of supplying technical information,
although EPA did not have NSPS or standards on retrofitting existing -
sources. Other border areas where kraft pulp mi1ls have stimulated

EPA activity in the past include Lewiston, Idaho - Clarkston, Washington;
International Falls, Minnesota— Fort Frances, Ontario; Fernandina

Beach, Florida- St. Mary's, Georgia; and Luke, Maryland - Keyser,

West Virginia.

Gaseous emissions from kraft mills are principally hydrogen
sulfide, methyl mercaptan, dimethyl sulfide, dimethyl disulfide,
and sulfur dioxide. The particulate emissions are largely sodium
sulfate from the recovery furnace, smelt tank, and 1ime kiln, as
well as calcium compounds from the Time kiln.

Hydrogen sulfide and organic sulfides, when taken as a group,
are called total reduced sulfur (TRS). They are extremely odorous.
and can be detected at concentrations of a few parts per billion.
Significant sources of TRS in a kraft pulp mi1l which are candidates

for new source performance standards are the recovery furnace
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system, 1ime kiln, smelt dissolving tank, digester system, multiple-
effect evaporator system, black liquor oxidation system, brown
stock washer system, and condensate stripping system.

In an Agency-sponsored study, completed in 1973, it was estimated
that the average United States mill emits approximately 4.8 pounds
of TRS per ton of air-dried pulp (1b TRS/T ADP) produced.1 National
annual TRS emissions from kraft pulp mills using this emission
factor and the total pulp produced in 1974 are about 77,600 tons.
The typical state standard for the states that have TRS standards
is 1.3 1bs TRS/T ADP. A well controlled mill emits only 0.25
1b TRS/T ADP. Compared to a typical state standard, this is
an emission reduction of 81 percent; and compared to the average

mill in the United States, it is a reduction of 95 percent.

Significant sources of particulate emissions which are candidates
for new source performance standards are the recovery furnace system,
1ime kiln, and smelt dissolving tank. Bark and power boilers are
not presently included but will be considered with other boilers
under a separate new source performance standard. Development- of
standards of performance forparticulate matter will significantly

" reduce emissions over présent control levels. Only a limited number
of recovery furnaces have installed highly efficient control systems.
Many new furances that are designed to reduce odors by eliminating
the direct-contact evaporator have created collection problems for
electrostatic precipitators. Elimination of the direct-contact

~evaporator increases the particulate loading to the ESP and changes
the physical characteristics of the dust. However, properly designed
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precipitators have been shown to be able to solve this problem. One
domestic mill has successfully used an ESP to control particulate
emissions from the Time kiln. There has been litt]e additional
effort by the industry to solve the prob]ehs sometimes encountered
with the use of a precipitator or to install more efficient lime
kiln collectors. The average United States mill emits about 5.5
pounds of particulate per ton of air-dried pulp and this is also
representative of the typical state standard. A well controlled
mi1ll emits only 2.8 1b/T ADP. National emissions of particulates
from kraft pulp m111s are about 89,000 tons per year and would be
reduced by about 49 percent if the best systems of emission reduction
were app]ied to récovery.furnaces, lime kilns, and smelt dissolving

tanks.
Kraft pulp mills are also sources of S0,, NO,, and CO emissions.

The recovery furnaée is the major source of $02. The lime kiln
“and bark or power boilers have also been identified as sources
of 502. Bark or power boilers are not covered by the proposed
standards and may be covered.hnder a separate industry category.
EPA tests on two reéovery Turnaces and three 1ime kilns show
emission Tevels of S0, of about 3.9 1b/T ADP (about 70 ppm) and
0.3 1b/T ADP (about 30 ppm) respectively. Standards for control
of SOg-emfssions from recovéry furnaces and 1ime kilns are not
being proposed since the best demonstrated control techniques,
considering costs, has not been identified for these facilities.
Recovery furnaces and lime kilns are also sources of CO
and NOX. CO emissions were measured by EPA on two recovery furnaces
and showed levels of about 2.5 1b/T ADP (about 100 ppm). (O
emissions from lime kilns average about 10 1b/T ADP. Presently
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there are no state regulations specific for control of CO emissions
from kraft mill recovery furnaces or 1ime kilns. Standards for
€O emissions from these two affected facilities are not being
proposed since no control techniques have been demonstrated in the
kraft pulping industry.

EPA tests on two recovery furnaces showed NOy levels of
about 1.9 1b/T ADP (about 50 ppm). No data are available on
N0x emissions from lime kilns at kraft pulp mills. However,
EPA tests on three Time kilns used in the 1ime industry indicated
NO, emissions of about 200 ppm. Presently there are no state
regulations for control of NOy emissions from recovery furnaces
or lime kilns at kraft pulp mills. NO, standards are not being
proposed because there is no available emission control technology
for NOy which has been demonstrated for these facilities. _
5 2 DESCRIPTION OF THE KRAFT PULPING PROCESS AND AFFECTED FACILITIES

2.2.1 General Description

The process for producing kraft pulp from wood is shown in Figure 2-1.
In the process, wood chips are cooked (digested)’at an elevated temperature
and pressure in "white 1iquorf, a water solution of sodium sulfide (NaZS)
and sodium hydroxide (NaOH). The white Tiquor chemically dissolves Tignin
(the material that bonds the cellulose fibers together ) from the wood. The
remaining cellulose (pulp) is filtered from the spent cooking liquor, washed
with water, and made into paper.

The balance of the process is designed to recover both cooking chemicals
and heat. Spent cooking Tiquor and the pulp wash water are combined to
form a weak black liquor which is concentrated in multiple-effect evaporators

to about 65 percent solids, and then fired in a recovery furnace. There
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are-two main types of recovery furnace systems in use in the industry:
the direct-contact evaporator system and the newer imndirect-contact
or "low odor," system. When the conventional direct;contact

system is employed, oxidation of the concentrated black liquor

prior to combustion in the -recovery furnace is required to minimize
TRS emissions. Combustion of the wood lignin dissolved in the

black Tiquor provides heat for generating process steam and
converting sodium sulfate (Na2504) to NayS. To make up for chemicals
Jost in the operating cycle, salt cake (sodium sulfate) is usually
added to the concentrated black 1iquor before it is sprayed into thé
furnace.

The smelt, consisting of sodium carbonate (Na2003) and sodium
sulfide, is dissolved in water to from green 1iquor which {s trans-
ferred to a causticizing tank where quicklime (Ca0) is added to
convert the sodium carbonate to sodium hydroxide. Formation of
the sodium hydroxide completes the regeneration of white Tiquor, .
which is returned to the digester. A calcium carbonate mud precipitates
from the causticizing tank and is calcined in a kiln to regenerate
quicklime. The condensate streams from the digester system and multiple-
effect evaporator system usually contains dissolved TRS gases.

These gases may be removed from the stream prior to discharge with
a condensate stripping system using either air or steam in a stripping
column.
2.2.2 Digester System
Wodd chips are digested at about 170 to 175°C at pressure ranging from

100 to 135 pounds per square inch gauge (psig). Gases formed during digestion
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are vented in order to maintain the proper cooking pressure within the un1t
At some mills these gases are first cooled to condense and recover turpentine
before venting. The condenser cooling water recovers the heat and may be
used in some other process At the end of the cooking cycle, contents of

the digester are transferred to an atmospheric tank usually referred to as

a blow tank. Steam and other gases that flash from the blow tank are piped
to a condenser to permit heat recovery. The noncondensable gases from the
relief system and the blow tank vent may contain TRS concentrations as high

as 26 000 ppm. 2 Both streams are somet1mes referred to as digester "non-

condensab1es" Uncontrolled TRS emissions from a typical digester system
(100N tons/day) average about 60 1b/hr (1.5 1b/T ADP) at a concentration of
9500 ppm, 2 Operating variables that have been shown to affect TRS emissions
from digester systems are the black Tiquor recycle rate, cook duration,
cooking Tiquor sulfidity (percentage of sodium sulfide to total alkali,
NasS and NaOH, in white 1iquor), and residual alkali Tevel. Presently
five states require incineration of the digester noncondensables,
2.2.3 Brown Stock Washer System

Pulp from the digesters is washed countercurrently with water in
several sequential stages. On leaving each stage, the pulp is dried on
a vacuum filter, with the water draining into filtrate tanks. Some
washer systems are hooded to collect the vapors steaming off the open
washers. TRS emissions from a washer system average about 0.1 1b/T ADP
(5-37 ppm) in the hood vent gas and about 0.2 1b/T ADP (240-600 ppm)
in the filtrate tank (under) vent.3

Brown stock washer TRS emissions have been shown to be affected by
the wash water source, water temperature; degree of agitation and turbu-

lence in filtrate tank, and blow tank pulp consistency.3 Presently one
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state requires incineration of the gases from the brown stock washer

system.4

2.2.4 Black Liquor Oxidation Tank

Black Tiquor oxidation is designed to decrease the emission
from the direct-contact evaporator by producing a negligible
sodium sulfide concentration in the black Tiquor. Black liquor
oxidation is the practice of oxidizing the sodium sulfide to
sodium thiosulfate or a higher oxidation state in either weak or
strong black liquor, using either oxygen or air. As previously
mentioned, sodium sulfide that is present in the black Tiquor
will react with SO2 and CO2 in the recovery furnace gases to produce hydrogen
sulfide. In these mills which oxidize black liquor, air is most often used.
Sparging reactors, packed towers, and bubble tray columns havei been used in
single or multiple stages to provide intimate contact between the liquor
and air. During the process the air strips out some reduced sulfur compounds
from the liguor. TRS emissions are principally dimethyl sulfide and dimethy]

disulfide and generally are emitted in the range of 0.08 to 0.13 Tb/T ADP (about

35 Dan.5 Oxidation systems that use only oxygen have the advantage of emitting
virtually no off-gases because the total gas stream reacts in the sparge system.
Black Tiquor oxidation system TRS concentrations are affected by the
sulfide content, residence time in system and temperature of the black 1iquor.
“Ppasently there are no state regulations controlling the TRS emissions from
black Tiquor oxidation =ystems.
2.-2..5 Multiple-Effact Evaporator Svstem
Spent cooking liquor from the digester is combined with the pulp washer
discharge to form weak (dilute) black liquor. Multiple-effect evaporators

are utilized to concentrate the weak black 1iquor from 12-18 percent
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solids to 40-55 percent solids. Concentration of the black 1iquor is
necessary to facilitate combustion of-the dissolved organic material in
the recovery furnace. During the concentration, all of the gases are routed
through a condenser. The noncondensable gases consist of air drawn in
through system leaks and reduced sulfur compounds that were either in the
dilute black liquor or formed during the evaporation process. TRS emissions
from the multiple-effect evaporators can be as high as 44,000_ppm. Uncontrolled
TRS emissions from a typical evaporator system (1000 tons of pulp/day) average
about 42 Tb/hr (1.0 Tb/T ADP) at a concentration of 6800 ppm.8 |
The type of condenser used can influence the TRS concentrations. Certain
types of condensers (e.g. barometric) allow the noncondensable gases and
the condensate to mixs resu1ting in a Timited quantity of hydrogen sulfide
(HZS) and methyl mercaptan gases‘to be dissolved in the water. This reduces
the TRS concentration from the system but increases the sulfide Tevel in the
condensate. Sulfidity and pH of the weak black Tiquor also tend to have an
effect on the TRS concentration from the multiple-effect evaporatqrs.
Presently five states require incineration of the noncondensables from

the multiple effect evaporators.

2.2.6 Recovery Furnace System

In the recovery furnace, concentrated black Tiquor is burned to produce
a smelt of sodium carbonate and sodium sulfide that is used to feconstitute
cooking Tiquor. Steam is produced as a by-product,

There are two main types of recovery furnace systems in use in the
industry. The first type emoloys a direct-contact evaporator to provide
the final stage of evanoration for the black liquor; this type is called

a conventional or direct-contact system, and is shown in Figure 2-2. The
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second type of recovery furnace employs an indirect-contact, direct-fired,
or a "low odor" system and is shown in Figure 2-3. About 75 percent of the
new furnaces that have been installed in the last 5 years are of the
indirect-contact design.

The particulate levels from a recovery furnace prior to a direct contact
evaporator or control device normally range from & to 12 gr/dscf (200 to 450
1b/T ADP). A direct contact evaporator acts as a particulate control
device and reduce the‘particulate emission from a furnace system by about
50 percent. The particulate emissions from uncontrolled recovery furnace
systems presently in operation average about 3.81 gr/dscf (180 1b/T ADP).7~
The particulate matter emitted from the recovery furnace consists of sodium
sulfate and sodium carbonate and may contain small amounts of sodium chloride.
Sodium chloride will be present if the pulpwood has been stored in saline
water or if the make-up chemicals contain chloride impurities.

TRS emissions from this facility mav originate in either the furnace
or in the direct-contact evaporators and may be as high as several hundred
parts per miTlion (ppm) or as Tow as 1 ppm when controlled by careful furnace

operation.8 Recovery furnace emissions are affected by the quantity and

distribution of combustion air, rate of solids (concentrated black Tiquor)
feed, spray pattern and droplet size of the liquor fed, turbulence in

the oxidation zone, and smelt bed disturbance. The effect of these variables
on TRS emissions has been shown to be independent of the presence or

absence of a direct contact evaporator. TRS emissions from the direct-
contact evanorator depend largely on the concentration of sodium sulfide

in the black Tiquor. Acidic gases, such as carbon dioxide and sulfur dioxide,
in the flue gas react with sodium sulfide in the black Tliquor to form

hydrogen sulfide gas.
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Four commercialty available processes eliminate the direct-contact
evaporator to avoid this source of emissions. In these systems, the furnace
flue gases never directly contact the black liquor and hydrogen sulfide
cannot be formed in the evaporator.

Of the 12 states which presently regulate kraft mill TRS emissions,
the typical TRS standard for existing recovery furnaces is 17.5 ppm (N.5
1b/T ADP). There are 12 states that have a particylate standard
specifically for kraft recovery furnaces; Typica]1y; the state
standards are about 4 1b/T ADP (0.085 gr/SDCF). The most stringent

is 2.75 1bs/T ADP (0.058 gr/SDCF).? .
2.2.7 Smelt Dissolving Tank

The smelt dissolver is a large tank located beTow the recovery furnace
hearth. In it, molten smelt (sodium carbonate and sodium sulfide) that
accumu]atés on the floor of the recovery furnace is dissolved in water to
form green 1iquof. The tank is equipped with an agitator to assist
dissolution, and a steam or Tiquid shatterjet system to break up the
smelt stream before it enters the solution. Contact of the molten
smelt with the water causes the evolution of large volumes of steam,
which must be vented. l

Particulate matter (finely divided smelt) is entrained in the yapor
that Teaves the tank. Uncontrolled emissions from a typical smelt
dissolving tank (1000 tons of pulp/day) may be as hiah as 380 1b/hr
(8.0 16/T ADP).

Because of the presence of a small percentage of reduced sulfur
compounds in the smelt, some odorous materials escape the tank with
the flashed steam. TRS concentrations may be as high as about 800 ppm
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and as 10w as non—detectab'le.11 Several factors have been shown
to affect the TRS emissions from this facility. Among these
that affect the emissions from the tank are the sulfide content
of the primary water in the tank itself, the turbulence of the

dissolving water, and the sulfide content of the smelt entering

the tank. It is also possible that TRS-contaminated gases can
flow from the smelt pour spout of the recovery furnace and be
emitted from the smelt tank. TRS can also be generated from the
particulate scrubber. Factors that affect the generation of TRS

from this unit are pH and sulfide content of the water and the

sulfide content of the collected particulate.

Presently ten states have regulations to control the particulate
emissions from smelt dissolving tanks. These regulations are
typically 0.5 1b/T ADP (0.087 gr/SDCF). No state has a TRS regula-
tion specifically for smelt dissolving tanks.
2.2.8 Lime Kiln

The 1ime kiln is an essentia1 element of the closed-Toop system that
converts the green liquor solution of sodium carbonate and sodium sulfide
to white liquor. The kiln calcines the 1ime mud (calcium carbonate which
precinitates from the causticizer) to produce calcium oxide (quicklime, Ca0)
for recausticizing the green Tiquor. The lime sTudge typically enters as a
55 to 60 percent solid-water slurry.

The kraft pu]ping'industry typically uses 1§rge rotary kilns that are
capable of producing 40 to 400 tons per day of quicklime. Fluidized bed

calciners are presently being used at four pulp mills but their production

rate at this time is under 150 tons/day. These fluidized bed calciners only

produce about one percent of the total quicklime produced in the kraft

industr_y.12
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The Time kilns used in the industry differ from those used in the Time
manufacturing industry in that the:calcium carbonate is generally fed as
a mud (sludge), containing 40 to 45 percent water instead of as a solid
(Timestone). This mud contains a small percentage of sodium sulfide which
affects the size distribution and composition of the particulate in the
exhaust gases. This sodium:sulfide is not present in the Timestone used in
the Time industry. Dry collectors, such as electrostatic precipitators, and bag-
houses, are used extensively in the lime manufacturing industry but presently
only one kraft pulp mill uses a dry collector (e]ectroétatic precipitator).

TRS emissions can originate in the 1ime kiln proper and in the kiln
scrubber which is normally installed to control particu]ate emissions. TRS
emissions oriq{nating in the 1ime kilns are affected by several factors: the
Oﬁygen content of the exhaust stream, the kiln length-to-diameter ratio, the
sulfide content of the Time mud, the cold-end exit gas temperature, and the
practice of simultaneously burning the sulfur-bearing materials contained
in the Time mud (e.q. green liquor dregs; the impurities resulting from
clarifying the green Tiquor).13

Operating variab]és thch govern the confribution of TRS emissions
from the particulate control device are the residual sulfide content
of scrubber make-up water (depending on the source of the water), the
recirculation rate within the scrubber, the pH of the scrubbing solution,
and the sulfide content of the particulate collected, Depending on
these factors, the particulate control device may contribute as much

as 100 ppm (0.5 1b/T ADP) to the kiln exhaust, 13
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Lime kiln particulate emissions consist principally of sodium salts,
calcium carbonate, and calcium oxide. The sodium salt emissions results
primarily from sodium compounds that are retained in the mud because of
less efficient or incomplete washing. Therefore, the particulate emissions
are affected by the efficiency of the mud washing system (higher than normal
sodium levels in mud result in higher particulate emissions). The calcium
particles result from entrainment, and therefore the emissions are affected by
the gas velocity and turbulence in the kiln. Uncontrolled particulate
emissions-from'a typical lime kiln (1000 ton of pulp/day) are about 3300
1b/hr (80 1b/T ADP) at a concentration of 9.7 gr/sdcf.1

Presently only three states have TRS regulations specifically for lime
kilns. These standards are typically 40 pom (0.2 1b/T ADP), and the most
stringent is 10 ppm. Twelve states have particulate standards snecifically
for kraft mi1ll Time kilns. Typica11y, thesé standards are about 1.0 1b/T

ADP (N.12 gr/dscf), and the most stringent is 0.5 1b/T ADP (n.n61 gr/dscf).8
2.2.9 Condensate Stripping System '

When digester and multinle-effect evanorator off-gases are condensed,
some TRS gases are partially dissolved in the condensate. Prior to being
discharged to the water treatment ponds, the TRS compounds canibe strioped
from the digester and evaporator condensate with either steam or air in a
stripping column. Uncontrolled TRS emissions from a condensale stripper
are estimated to be about 2 1b/T ADP (5000 ppm).]4' Currently only one state

requires incineration of gases from the condensate stripoing system.4-
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3. SUMMARY OF THE PROCEDURE FOR THE DEVELOPMENT
OF THE PROPNSED STANDARDS

3.1 LITERATURE REVIEY AND INDUSTRIAL CdNTACTS

Information initia]]y used in the develonment of the nroposed
standards of performance for the kraft pulping industry was obtained
from two studies performed bv research and engineering comranies |
under contract to EPA.'.|=2 These studies provide information on
trends in the kraft pulping industry, 1ndustfy statistics, economics,
processes and emissions, and emission control technoloay and nrocedures.

A more recent study has provided further information used in
the development of the proposed standards. This studv was a joint
program by the National Council of the Paper Industry for Air and
Stream Improvement (NCASI) and EPA, and was nrimarilv concerned with
emissions and control techniaues used in the kraft pulping industry.
The studv utilized a survev of the industryv (nerformed with questionnaires),
special studies reported in NCASI Technical Bulletins, other literature
sources, and a field samnling program conducted by EPA. The study
provided information on control techniques and range of emissions for
each of the operations involved in the chemical nulning nrocesses.3

During the standards development program additional literature
was also obtained and reviewed, and information was obtained from four
State and local air pollution confro1 agencies and from manufacturers
of pfocess equipment and emiésion control eauinment. Meetings were
held with representatives of the industry and the NCASI to obtain

additional information useful in the development of standards.
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3.2 PLANT INSPECTINNS

EPA engineers visited 26 kraft pulp mills to identify those
mills which appeared to utilize the best systems of emission reduction
on any of the affected facilities to which the proposed standards
apply. During these visits, informatioﬁ and data were obtained on
each of-the affected facilities. The well-contro]led facilities
that were tested were chosen on the basis of the type of control
device used, its operating conditions, available data on emissions,
and the feasibility of conducting tests.
3.3 SAMPLING AND ANALYTICAL TECHNIOUES

3.3.1 Particulate Sampling

EPA Reference Method 5 was used to gather the data used to
support the proposed particulate standards for the recoverv furnace,
the smelt dissolving tank, and the J1ime kiln. The provisions of this

method were originally published in the Federal Register on December 23,

1971 (36 FR 24877). Minor revisions of the method have been published
since then.

The method provides detailed sampling methodoﬁogy and equipment
specifications. . The method also provides specific procedures-for
the measurement of moisture content and volume of gas sampled, and
permits continuous assurance of isokinetic sampling..

EPA Reference Method 2 is used to measure gas flow which is
required to calculate the mass emission rate. Since the proposed
particulate standard for the smelt dissolving tank limits the mass
emission rate rather than the concentration, aﬁ accurate measure of

the flow rate is required.




3.3.2 TRS Sampling and Analysis

Since no method for measurement of total reduced sulfur had
been standardized at the inception of the kraft mill program, it
was necessary to develop an effective and reliable method. Several
methods were surveyed through literature reviews, contact with
industry personnel, and review of previous research and evaluation
of analytical techniques by EPA.

The methods surveyed fell into four main categories: colorimetry,
direct spectrophotometry, coulometry, and gas chromotography. The
gas chromotography and flame photometric detector (GC/FPD) was
considered to be the most promising and was selected for field
evaluation,

As a result of the field experience of testing TRS compounds
at kraft mills, Method 16, "Semicontinuous Determination of
Sulfur Emissions at Stationary Sources," was prepared
for determining compliance with the pronosed standards. This
method requires the use of the GC/FPD system developed during the
test program. Design specifications for the required dilution system,
calibration technique, and instrumentation that was considered necessary
to insure accuracy, precision, and reliability are specified. |
3.4 EMISSION MEASUREMENT PROGRAM

EPA performed emissions measurements at 12 domestic kraft pulp
mills. Included are particulate tests on five recovery furnaces, four
smelt dissolving tanks, and four Time kilns; and TRS tests on three
recovery furnaﬁes, two smelt dissolving tanks, three 1ime kilns, and
one incinerator for noncondensable gases from multiple effect

evaporator systems and digester systems.
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3.4.1 Particulate Test Program

0f the recovery furnaces tested for particulates, two were direct
fired typnes and three had direct contact evaooraters., At Teast one
complete sootblowing cycle was included within each sampling neriod.
During tests, the control svstem and furnace oneration were monitored
to detect process upsets or abnormal operation which would affect the
test results. Three or more individual test runs were made for each

furnace. _
During the four smelt tank tests, the control system and the

recovery furnace operation were monitored to detect process upset§
Or abnormal oneration which might affect the test results. The
furnace operation was monitored because the flow of smelt to the
dissolving tank cannot be monitored directly and the best indication
of a normal smelt flow rate is normal operation of the recovery
furnace. Three or more individual test runs were made for each
smelt dissolving tank.

During the four Tlime kiln tests, both the control system and the
1ime ki1h operations were monitored to detect process upsets or
abnormal operation which miaht affect the test results. On three
kilns, three test runs were conducted on each tyoe of fuel (gdas
and 011) used in the kiln, totalling six test runs for each kiln.
Three test runs were made on the fourth kiln which only burns
natural gas.

Opacity measurements were also taken during the particulate
testing whenever possible and were usually conducted over the
Tength of the particulate tests. ATl readings were taken in

accordance with EPA Reference Method 9 techniques. Visible emissions
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readings were recorded on four recovery furnace stacks during the
particulate test runs. Readings were also attempted to be made on
three smelt dissolving tanks and one Time kiln. Although some data
were recorded, it was determined that due to the presence of steam
plumes, the readings did not support the setting of a visible emissions
standard for.the smelt dissolving tank or the lime kiln.

3.4.2 TRS Test Program

Tests were conducted on three recovery furnaces (one indirect
contact furnace and two with a direct contact evaporator), two smelt
dissolving tanks, three 1ime kilns, and the one incinerator for
noncondensables. During thesé tests, the control system and the
operation of the respective facilities were monitored to detect
process upsets or abnormal operation which might affect the test results.
Three to six individual test runs were made during each of these tests.

The duration of each test run was four hours.

NOTE: A thronological history of the development and evolution
of the proposed standards which includes all significant plant
visits, meetings, and project milestones is described in

Appendix A, Evolution of the Proposed Standards.
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4, EMISSION CONTROL TECHNOLOGY
The alternative methods of emission control applicable to each
_ affected facility at kraft pulp mills are presented in this chapter.
Where available, emission data obtained from the joint study
conducted by EPA and NCASI are also pr‘esented.1 These data
i1lustrate the range of control levels that have been applied to
affected facilities at the domestic mills studied. Alternative
emission control systems, combinations of the best control techniques,
which are considered as likely candidates for the best system
of emission reduction, considering costs, are summarized.
4.1 PARTICULATE CONTROL
4,1.1 Recevery Furnace
Nearly all recovery furnaces employ electrostatic precipitators
as their primary particulate control devices. The degree of control
provided, however, varies among the individual units. Design
efficiencies range from about 90 percent on older precipitators
to above 99.5 percent on recent installations.
Until recently, almost all recovery furnace systems incorporated
a direct contact evaporator.  AJthough the purpose of the evaporator
is to concentrate black liquor, it may also scrub particulate
matter from the gas stream. Depending on the type of direct-contact
evaporator used, up to 50% of the particulate may be removed.
- Most direct contact evaporators are the cascade type, in which
the furnace gases pass over a trough filled With black Tiquor, which
is scooped un by a rotating paddle wheel and then cascades through the

gas stream. Some mills use cyclones or venturis as the direct contact
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evaporator. In these installations, the black Tiquor serves as the par-
ticulate scrubbing liquid. Sometimes two venturis are used in series
to increase particuTéte co11ectioﬁ, and in that case an electrostatic
precipitator may not be required.
On some recovery furnaces scrubbers have been installed down-

stream from precipitators. In the United States this practice
has been_confined to upgrading existing units. In Sweden, the
purpose of the backup scrubber has been to increase the heat
recovery from the furnace gases. The scrubbers used are low
energy sprays. Such scrubbers can effectively reduce the "snewing"
(the emission of large white particles resembling snowflakes) from
inefficient precipitators, but are probably ineffective against the small
particles that escape from a well designed and operated precipitator.

The principal cause of snowing is the electrode rapping done to |
dislodge collected material from collecting electrodes. Because
salt cake particles tend to be 1ight and fluffy, some of it is
re-entrained in the gas stream and can escape the preéipitator.
The re-entrainment problem can be intensified if the gas flow through
the precipitator is improperly distributed. A second cause of
snowing is electrical sparking. When excessive sparking occurs,
the basic collecting action of the precipitator is momentarily Tost,
and puffs of salt cake particles can escape. Overloading the
precipitator by sootblowing or abnormal furnace operation can also

cause snowing.z
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Emission levels observed from various control systems are
shown in Table 4.1. For each system there is a wide range of emissions,
This table is based on data reported in a questionnaire surve_y.3
The emission ranges are due to the variance in collection efficiency
and design of the control systems.

In a meeting with EPA on March 7, 1975, the kraft pulping
industry expressed concern that even with diligent maintenance the
proposed particulate standard of 0.10 g/dscm (0.044 gr/dscf) for
kraft recovery furnaces could not be achieved over the 1ife of an
electrostatic precipitator (ESP]. The industry has 1ittle cpnfidence
that precipitator performance will meet design expectations. In
support of their contention, case histories of precipitator performance
were provided to EPA by individual companies. These cases are concerned
with units that do not achieve design performance, with problems
encountered during the fine turning of units in hringing them up to
performance, and with the amount of maintenance required to maintain
the performance of a precipitator. The industry feels that the
performance of precipitator should be allowed to deteriorate until a
sufficient amount of maintenance is necessary to justify shuting  down
the unit and performing the maintenance.

Weyerhauser Co., American Can Co., Brunswick Pulp and Paper Co.,
and Buckeye Cellulose all reported problems in the application of
electrostatic precipitators for control of particulate emissions from
kraft recovery furnaces. |

Weyerhauser Co.4 stated that their last three precipitator

installations on indirect contact system recovery furnaces have not
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met the level of the proposed standard even though the design basis of
99.5 percent should have been adequate. Extensive efforts have been
made to bring the units into compliance and to overcome corrosion
problems. One unit has been totally rebuilt at an estimated cost of
0.5 million dollars and a second unit is currently facing the same
situation. The rebuilding of the second unit is expected to exceed the
original costs. A third precipitator has been plagued by excessive
wire breakage since startup. Weyerhauser reports that the manufacturer
of the unit blames this problem on poor flue gas distribution at the
inlet. Based on their experiences with three different manufacturers,
Weyerhauser contends that the state of the art is not now adequate to
meet a level of 0.10 g/dscm.

American Can Co.5 has experienced similar problems. The first
indirect contact evaporator system was installed at their Halsey, Oregon
mill in 1969. American Can reported that during the period August 1, 1973,
to March 1, 1974, it was necessary for American Can to notify the State
Agency about 70 times that they were exceeding the particulate standard
of 4 1b/ton due to a malfunction of the precipitator. Late in 1973
American Can spent approximately $50,000 for mechanical improvements on
the precipitator. American Can stated that the maintenance of a
precipitator'on a kraft recovery furnace is a continuous ordeal for
any kraft mil1. Planned maintenance outages are necessary and it is
difficult to predict when unplanned situations could occur. Routine
maintenance e}penses are also quite high,

Brunswick Pulp and Paper Co.6 reports that shortly after start-up
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especially from indirect contact systems, is more corrosive and
sticky than that encountered in other industries. More intense
rapping is required to remove the dust from the collecting surfaces.
The manufacturees feel that some design changes are needed to improve
the precipitator's ruggedness and extra maintenance will be required,

Concerning the problem of gradual deterioration of precipitator
performance, the manufacturers were most emphatic in stating that
a properly maintained precipitator should not deteriorate over the
expected life of the unit. Problems encountered are usually due to
operating the equipment at conditions for which it was not designed
(i.e., higher gas volumes, higher inlet Toadings, or Tower inlet
temperatures). For preventing corrosion, the manufacturers install
insulation or heated shells to maintain the gas temperature through
the precipitator. Corrosion resulting from Tow inlet temperature
(below the acid daw point-280°F), frequent start-ups and shutdowns
of the=recovery furnace, or due to an ambient corrosive atmosphere
is not dependent on the design of the unit.

The viewpoint of the manufacturers on the wire breakage encountered
by the kraft industry is that wire breakage generally occurs soon
after start-up, with a lessening in frequency as operating time
increases. A precipitator is genera]fy capable of losing 5 to 10
percent of the wires without a noticeable effect on the performance.
One manufacturer believes that the rash of wire breakage reported

are due to increased rapping intensity to improve performance.
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This problem is most noticeable with indirect-contact furnaces that
generate a stickier dust which is more difficult to remove from

the collection surfaces. Some operators have replaced the original
electric rapping system with more efficient high energy air vibrators.
A maximum pressure at which these air vibrators should be operated
will be recommended by the manufacturers.

A new design has been reported by one manufacturer which
minimizes wire breakage and maintains high collection efficiency.24
This design involves supporting the wires in a frame with fasteners
every five feet. High energy rapping is possible with less loss
of wires. They feel that this is a more dependable design than the
weighted wire design typical of precipitators used in the kraft
pulping industry today.

St. Regis' Tacoma, Hashington mi1l currently uses a precipitator
with this design. EPA tested this precipitator and reported particu-
late emissions below 0.02 g/dscm.25 Additional data supplied by the
state control agency show that the monthly particulate tests have been less
than 0.10 g/dscm since the unit started operation in August 1973.9
The main problems that have been encountered were one broken wire,
burned out motors or bearings, and plugging of salt cake hoppers.

The manufacturer estimates that approximately 240 man-hours of maintenance
will be required per year on this type of unit.

A survey was conducted by an Air Pollution Control Association
Committee on the maintenance requirements of precipitators.H The
purpose of the survey was to establish the degree of satisfaction

of the user with the equipment from an operational and a maintenance
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viewpoint. This survey indicated that, although there is obviously
room for improvement on the part of precipitator manufacturers, the
majority of the users are satisfied with the performance (73.5 percent
satisfied) and maintenance (55 percent satisfied) of precipitators used
in the wood pulping industry. These values are consistent with values
from other industries (cement and utility).

On the basis of the industry and vendor data and comments,
EPA has concluded that the application of electrostatic precipitators
for control of particulate emissions from Eoth direct-contact and
indirect-contact reeovery furnace systems. is a feasible and proven
application. The level of the proposed standard, 0.10 g/dscm, has
been demonstrated on presently operating systems of both types.
Provided the original design was adequate and a reasonable amount
of maintenance is performed, the performance of the precipitator
should not significantly deteriorate. Unusual conditions may,
however, exist at some mills which may require more maintenance

or create a greater corrosion problem.

4.1.2 Smelt Dissolving Tanks

The gases from most smelt dissolving tanks are vented through demister
pads, fine wire mesh screens, about one foot thick. Demister pads are
basically Tow energy scrubbers with collection efficiencies of about
80 percent. Droplets condensﬁhg from the gas collect on the screen,
and are backflushed with water sprays to the dissolving tank. Several
dissolving tanks are equipped with more efficient water scrubbers,
such as Tow pressure drop venturis (6-8 inches of water), packed towers,
and cyclones with water sprays. Efficiencies of these systems are
about 95 percent. A few mills combine the dissolving tank gases with
the recovery furnace gases, sending both streams to an electrostatic

precipitator. 4-1n




Emission data reported for 29 dissolving tanks range from 0.05 to
2.38 1b/T ADP (equivalent to about 0.009-0.4 gr/dscf) with a median
of 1.0 1b/T ADP12 (equivalent to about 0.17 gr/dscf). Available data
reported in a questionnaire survey comparing the efficiencies of
various scrubber systems are shown in Table 4.2.

4.1.3 Lime Kiln

Nearly all lime kilns are controlled with venturi scrubbers,
with pressure drops ranging from 10 to 25 inches of water. These
systems provide collection efficiencies of up to about 99 percent.
Impingement scrubbers, with wetted baffles and water sprays, are
used less frequently. The impingement scrubbers have pressure drops
of 5-6 inches of water and provide collection efficiencies of only
about 90 percent.

Electrostatic precipitators are found on some 1lime kilns operating
in Sweden. Design efficiencies of these systems are about 99 percent.
One United States mill has retrofitted a precipitator to serve three
existing kilns.

Particulate emissions from lime kiln scrubbers range widely,
depending on operating conditions--especially the scrubber pressure
drop. Available data for 66 scrubbers show a range of 0.08 to
43 1b/T ADP, with a median of 2.7 Tb/T ADP.13 Available data reported
in a questionnaire survey cemparing the performance of the different
control devices are shown in Table 4.3.

4,2 TRS CONTROL
4,2.1 Digester and Multiple-Effect Evaporator Systems
TRS emissions from the digester and multiple-effect evaporators

will be considered together, since their emissions are normally combined




Table 4.2, PARTICULATE EMISSIONS FROM VARIOUS
SMELT DISSOLVING TANK CONTROL SYSTEMS

Collection efficiency(a) Emission rate
Control System ’ 1o/T ADP®) g/kg ADPTP) gr/dscr(C)
Demister pad 72 0.052 0.03 0.009
77 0.15 0.08 0.03.
78 0.63 0.32 0.1
90 2.3 1.15 0.4
93 1.2 0.60 0.2
\ § 71 1.58 0.79 0.3
Demister pad plus 96 0.47 0.21 0.07
shower :
Demister pad plus 92 1.20 0.60 0.2
packed tower
Packed tower 98 0.05 0.03 0.009

(a) Reference 3

(b) Calculated from emissions in 1b/T ADP on the basis of 1.0 1b/T ADP = 0.5 a/kg ADP.

(¢) Calculated from emissions in 1b/T ADP on the basis of 1.0 gr/dscf = 5.76 1b/T ADP.
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for treatment. The noncondensable gases from these facilities are often
vented directly to the atmosphere, For odor control an increasing .
number of mills presently burn the gases, most often in the lime kiln.
Special gas-fired incinerators are also used, either as backup for

the kiln when it is down, or as the regular control unit.

The blow gases from batch digesters come in strong bursts that may
exceed the capacity of the Time kiln. Special gas handling equipment
has been developed to smooth out the gas flows,14 and is in use at many
present1y operating mi11s.. Adjustable volume gas holders, with movable
diaphragms or f1oétihg tops, receive the gas surges, and bleed a small
steady stream to the kiln. Although the noncondensable gases form
explosive mixtures in air, possible explosion hazards have been
effectively minimized by the development of gas holding systems,
flame arrestors, rupture disks, and flame-out controls. Incineration
of these gases in existing process equipment such as the Time kiln
is particularly attractive since no additional fuel is required to
achieve effective emission control.

Scrubbers are used at a few mills to reduce TRS émissions. Whité
liquor, the usual scrubbing medium, is effective for removing hydrogen
sulfide and methyl mercaptan, but not dimethyl sulfide or dimethyl
disulfide. At least 3 mills scrub the noncondensable gases prior to
incineration in order to recover sulfur, condense steam, and remove
turpentine vapors and mist, lessening the explosion hazards.

~ Combustion of noncondensable gases in a 1ime kiln or gas-fired
incinerator provides nearly complete destruction of TRS compounds. During _
an EPA test on an incinerator burning noncondensables from digesters and

multiple-effect evaporators, the unburned TRS residuals were less than_
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5 ppm (about 0.01 1b/T ADP). Scrubber efficiencies are much Tower
because only hydrogen sulfide and methyl mercaptan react with the
alkaline medium. The composition of noncondensables is highly

variable, but on the average, hydrogen sulfide and methyl mercaptan
comprise about half the TRS c0mpounds.15 Alkaline scrubber efficiencies,
therefore, will be roughly 50 percent and TRS emissions will be about

1 1b/T ADP.
4,2.2 Brown Stock (pbulp) Washina Syvstem

Nearly all kraft mills vent the pulp washing system gases directly to the
atmosphere. At Teast four mills in the United States and Canada, and several in
Sweden, utilize the gases as combustion air in a recovery furnace.

The gas volume from the washer drums is Targe, about 150 CFM/TPD.16 It
may be reduced by enclosing the drums with tight hoods. Use as combustion
air in a recovery furnace or power boiler is the most Tikely control
alternative.

The gases vented from the filtrate tamk have considerably less volume,
about 6 CFM/TPD.IG This stream can be incinerated in a 1ime kiln, or blended
with the hood vent gas and burned in a recovery furnace. Combustion of the

gases from these filtrate tanks would not result in any significant
increase in fuel requirements.

Incineration is the only control method known to be practiced. As
discussed in Chapter 6, TRS combustion residuals are very low, less than

about 5 ppm (0.01 1b/T ADP).

4.2.3 Black Liquor Oxidation Systems

The vent gases from black Tiquor oxidation (BLO) systems are emitted directly
to the atmosphere. Presently there are no control techniques being practiced to
reduce TRS levels in these vent gases, but technology for eliminating tnese vent

gases completely has been demonstrated.
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There are apparently no technical or economic reasons to prevent controlling
BLO systems by using the vent gases as combustion air in the recovery furnace.
Incineration has proved highly effective at some mi1ls 4n controlling similar
streams such as at the vent gaées from pulp washing systems, the nonconden-
sable gases from digesters and multiple-effect evaporators, and the vent
gases from condensate strippers. Incineration in the recovery furnace
or power boiler is the most likely control alternative for this faci]ity.
since no significant fuel penalties will result., Condensers may be required
to reduce moisture content before burning, especially if the moist washer
gases are burned in the same furnace.

The use of molecular oxygen 1nstead of air in oxidation systems is
considered an a]ternat1ve control system. At least two mills in the
United Spates now oxidize black liquor by pumping oxygen directly into
the black Tiquor lines. There are no vent gases from this closed system.
The econom1c feasibility of such a system will depend 1arge1y on the
price and availability of oxygen.

Based on data from incineratdr systems burning similar gases, TRS
combustion residuals from control of BLO vent gases are estimated to
be Tess than 5 ppm (0 01 1b/T ADP). Enc]osed oxygen systems have no
TRS emissions. |
4.2.4 Recovery Furnace System

The TRS emissions from the recovery furnace are controlled by maintaining
proper process conditions. The most important operating variables whose
control are required for minimum TRS emissions are black 1iquor firing
rate, available oxygen for combustion, air-to-solids ratio, and the ratio

of primary to secondary and tertiary air. 17
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There are two general process designs that.reduce TRS emissions
that normally result from a direct-contact evaporator: the direct-
contabt system with black 1liquor oxidation and the indirect-coﬁtact
system. In the direct-contact system, final concentration is accomplished
by bringing the recovery furnace combustion gases into direct contact
with the black Tiquor. The reactions between the combustion gases
and black Tiquor that normally generate hydrogen sulfide, however, are
inhibited by oxidizing the black liquor before it enters the direct-
contact evaporator. In the indirect-contact system, direct-contact
between furnace gases and black Tiquor is eliminated, and hydrogen
sulfide is prevented from forming.

Variations of both furnace systems are found in practice. In the direct
contact system, the black Tiquor is sometimes oxidized before.being concentrated
in the multiple-effect evaporators (weak b]ack'liquor oxidation), sometimes
following evaporation (strong black liquor oxidation), and sometimes both. Air
is the normal oxidizing agent, but molecular oxygen is also used when a subp]y
is on hand. Air sparging reactors are the most common units, but packed towers
and bubble tray towers are also found. The various indirect contact systems are
called Direct Fired (Babcock and Wilcox Co.), Large Economizer,.Laminaire Heater,

and Air Contact Evaporation (last three by Combustion Engineering Inc.).

TRS emissions from direct contact systems depend on the design and operation
of the recovery furnace and the oxidation system. A survey of 32 recovery furnace
systems where black liquor oxidation was not used shows TRS emissions ranging
from 35 to 1300 ppm (1.5 to 62 1b/T ADP) with a median of 5.9 1b/T App.18
A survey of 17 units utilizing black Tiquor oxidation indicates a broad TRS

emission range of 0.2 to 25.9 1b/T ADP with a median value of 3.7 Tb/T ADP.1?

As mentioned previously, black liquor oxidaticn is not effective in

reducing TRS emissions from the furnace proper. The effectiveness of black
Tiquor oxidation on sraventing TRS emissions resulting from the direct contact
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evaporator is dependent on how the oxidation system is designed and
operated. TRS emissions from indirect-contact systems are usually
confined to a narrow range of about 0.03 to 0.3 1b/T ADP (1 to 11 ppm).
One control system that has recently been demonstrated on pilot

plant scale and is currently being applied to a full-scale furnace
removes TRS from the recovery furnace gas stream and reportedly results
in emission Tlevels comparable with black Tiquor oxidation - direct-contact
evaporator furnace systems and the indirect-contact furnace system,
This system utilizes a Tow pressure drop cross flow caustic scrubber .
with activated carbon as a catalyst. EPA has not tested this control
system because it has only recently been developed ahd applied. This
may represent another viable alternate for controlling TRS from
the recovery furnace.
4.2.5 Smelt Dissb1ving Tank

There are no special TRS control devices-for smelt dissolving tanks. TRS
emissions are governed by process conditions, and the principal option available
is the choice of water. C(lean water, Tow in dissolveéd sulfides, is preferable,
although Tow emissions are possible with nearly any process stream.20

TRS emissions from dissolving tanks are normally low and average about 0.0]
grkg ADP (0.02 1b/T App).2T
4.2.6 Lime Kiln

TRS emissions from Time kilns can be emitted from two sources within

the installation: the Time kiln itself and the particulate control
device (e.g. scrubbers). The TRS emissions from the Time kiln installation
are controlled by maintaining proper process conditions. The most

important parameters that were identified in a recent study by the NCASIZ2
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are fhe temperature ét the cold end point of exhaust discharge, the oxygen
content of the gases leaving the kiln, the sulfide content of the Time
mud fed to the kiln, and the pH and sulfide content of the scrubbing water.

Further reduction of the TRS concentration in the emissions from this
facility can be accomplished by the addition of a caustic solution to the
scrubbing water. Maintenance of the process controls is also required
with this technique. The effectiveness of caustic scrubbing is Timited
to absorbing only hydrogen sulfide and methy] mercaptan. TRS emissions
froﬁ lime kilns, however, are principally hydrogen sulfide; therefore,
the combination of process control and caustic scrubbing can be very
effective in the control of TRS.

TRS emissions from lime kilns range from about 0.02 to 4.0 1b/T ADP, with

an average of about 0.8 1b/T ADP.%?

4.2.7 Condensate Strippers

In at least three United States mills, dissolved sulfides and other volatile
compounds are stripped from the digester and evaporator condensates prior to
discharge. At two mills, the gases discharged from the stripper column are
burned in a 1ime kiln. One stripper uses air; the other uses steam as
the stripping agent. The other mill burns the gases from an air stripper
in a separate incinerator. There are no alternative control techniques

for the off-gases presently practiced.

TRS emissions in the stripper gases following incineration are estimated

to be less than 0.01 1b/T ADP (5 ppm).




4.3 ALTERNATIVE CONTROL SYSTEMS

The alternative control systems that are considered the best
combinations of the control techniques previously discussed are
presented in this section. The analyses of environmental effects
in chapter 7 and of economic impact in chapter 8 will examine
the impacts associated with the alternative emission control
systems. Since there are multiple facilities and several
alternatives for control of many of the processes, not all
the possible systems are presented. Only the systems that are
judged to be representative of the best systems, considering costs,
are considered. Alternative standards are not discussed in this
section. The rationale for the selection of the best system of
emission reduction considering costs is presented in chapter 9.

Alternative number 1 represents a control system based on the
average Tevel of state standards that would apply to a new kraft
pulp mi1l in the absence of new source performance standards.
A summary of the present state control standards specific to
kraft pu]b mills is presented in Table 4.4. The control techniques
required to meet these levels are:

- Recovery furnace - 09,n% £Sp for particulate control plus

a single staa2 of black Tiauor oxidation for TRS control.

Smelt Dissolving Tank - Demister

Lime Kiln - 15" venturi scrubber

Digester System - Incineration

Multiple Effect Evaporators - Incineration

4=20
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- Brown Stock Washer Systems - No control

- Black Liquof Oxidation System - No control

- Condensate Stripper System - Incineration

Alternative number 2 consists of the following control techniques:

Recovery furnace - 99.9% ESP plus process control:

black liquor oxidation or non-contact evaporation
Smelt Dissolving Tank - Scrubber plus use of clean
water (process control)

Lime Kiln - 30-inch venturi scrubber with caustic addition

to scrubber water plus process controls

Digester Systems - Incineration

Multiple-Effect Evaporators - Incineration

Brown Stock Washers - Incineration

Black Liquor Oxidation System - Incineration

Condensate Stripoer System - Incineration

Alternative number 3 is identical to system 2 except that
caustic is not added to the scrubber water on the 1ime kiln
control system. TRS emissions from the lime kiln are increased
as a result of this change.

Alternative number 4 is identical to system number 3 except that
the venturi scrubber used for control of particulate emissions from
the 1ime kiln is replaced with a high efficiency electrostatic
precipitator. TRS emissions from the kiln are controlled by the

use of good process control.
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Alternative number 5 is a composite system based on
alternatives 2 and 4. Both a caustic scrubber and an ESP
are used for the simultaneous control of TRS and particulate
emissions from the lime kiln. Although this system has not been
demonstrated, it is assumed that it is technically possible to

apply.
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5. MODIFICATION AND RECONSTRUCTION
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 December 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, an existing facility which increases
the amount of any air pollutant (to which a standa;d 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 components

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.
There are certain circumstances under which an increase in

emissions does not result in a modification. If a capital
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expenditure, that is less than the most recent annual asset guide-
Tine repair allowance published by the Internal Revenue Service
(PubTication 534), -is- made to increase capacity at an existing fac111ty
and also results in an 1ncrease in emissions to the atmosphere of a
regulated pollutant, a modification is not considered to have occurred.
Other cases under which an increase in emissions does not const1tute

a modification occurs 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 kraft pulp
mill, as long as it can be shown that the total emissions of that
pollutant from thé mill has not increased. Th%s is referred to as the

"bubble concept".

The purpose of this chapter is to identify potential
modifications and reconstructions of affected facilities,
and any exemptions or special allowances covering changes in
existing facilities that should be considered. Exemptions from
the regulations may be based on availability of technology - and
economic considerations;

The following physical changes and changes in the method of
operation of kraft pulp mills were considered:

(1) Conversion of a direct-contact furnace system

to an indirect-contact system;
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(2) Conversion of a lime kiln from burning natural gas
to burning oil;

(3) Adding an additional stage of washers to an existing
brown stock washer system.

5.1 CONVERSION OF A DIRECT-CONTACT FURNACE SYSTEM TO A NON-CONTACT
SYSTEM

_ Occasionally, an existing recovery furnace will be changed
by replacing the direct-contact evaporator with a steam-heated
indirect-contact evaporator. The main purpose for this change
is to reduce TRS emissions from the recovery furnace system.
The new indirect-contact evaporator, however, becomes a part
of the multiple-effect evaporator system, causing a possible
increase in TRS mass emissions from this affected facility.
Since the conversion of a direct-contact furnace system to a
non-contact system will reduce TRS emissions, the bubble concept
may be applied to account for the possible increased TRS emissions
from the evaporators. If the original system employed black Tliquor
oxidation, it is possible that this step would be removed from
operation. Should this occur, a further reduction in TRS emissions
would take place. This reduction could be applied to the bubble
concept in the trade off of emissions.

This change would also possibly result in an increase of
particulate emissions from the furnace. Without the direct-contact
evaporator, inlet particulate Toadings to the precipitator will
increase. To account for this increase in emissions, the
collection efficiency of the existing ESP must be upgraded to
meet the requirements of the proposed new source performance
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standards or the emissions must be traded off under the bubble

concept by a reduction of particulate emissions elsewhere

in the mi1l. The costs associated with_upgrading the precipitator
have been analyzed and are presented in Table 8-28 of the Econqmic
Impact chapter. The annual costs for this conversion is zhout n.47
dollars per ton for both a 500 ton-per- day and a 1070 ton-per day mill.
5.2 CONVERSION OF A LIME KILN FROM BURNING NATURAL GAS TO BURNING OIL

An existing 1ime kiln that burns natural gas may be
converted to burn fuel oil. This change fn fuel would cause an
increase in particulate emissions from the'faci11ty. If the kiln
was not originally designed to burn o0il as an alternative fuel,
the change in fuels would constitute a mddification.

The maximum impact would occur if the entire existing scrubber
system were replaced to control the increased particulate emissions.
Additional TRS control would not be required in this case; therefore,
there would be no need for the addition of caustic to the scrubbing
solution. The cost requirements for this modification are summarized
in Table 8-29. The annual costs for the new control system range
from 0.20 dollars per ton for a 1000-ton-per-day mill to 0.33 dollars
per ton for a 250-ton-per-day mill,

5.3 ADDING AN ADDITIONAL STAGE OF WASHERS TO AN EXISTING BROWN
STOCK WASHER SYSTEM

An additional stage of brown stock washer may be added
to an existing Tine of washers in order to improve washing
efficiency. It is expected that this change will usually take
the form of adding a fourth stage. Emission of TRS may increase

as a result of this change, subjecting this facility ¢o the

provisions of $60.14.
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The costs for this modification were analyzed for two cases:
(1) major retrofit of ventilating system plus incineration of
TRS emissions in an existing recovery furnaee, and (2) major
retrofit of ventilating system plus incineration of the TRS

emissions in a separate incineration system. The cost estimates

for these two cases are summarized in Table 8-27 for 250, 500, and
1000 ton'per day mills. The worst case, that involving use of
a separate incinerator, requires an annual cost of as high as

3.84 dollars per ton for a 250-ton-per-day mill,
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6. EMISSION DATA TO SUBSTANTIATE THE PROPOSED STANDARDS

Emission data presented in this section are the results of tests
conducted by EPA at 12 kraft pulp mills. These data represent 11 TRS
tests and 19 particulate tests performed on the various facilities
affected by the proposed standards. Eight emission tests were
performed on seven recovery furnaces for particulate or TRS; five
smelt dissolving tanks were tested; eight tests were performed
on seven Time kilns; and four tests were run on four different
miscellaneous sources for TRS. Opacity readings were taken during
particulate tests on four stacks at three recovery furnaces, during
tests on three smelt dissolving tank stacks, and during two tests
on one lime kiln. The visible emissions readings on the recovery
furnace stacks totalled 5514 minutes (919 six-minute averages).

The total for the smelt dissolving tank is 206 minutes and 15
seconds; the total for the 1ime kiln is 682 minutes and 30 seconds.
The results of these emissions tests are used to substantiate the
proposed standards. Additional data that were-obtained from various
kraft mills, state air pollution control agencies, and other

sources are also presented where pertinent.

6.1 PARTICULATE EMISSIONS

6.1.1 Recovery Furnace

Five recovery furnaces were tested by EPA. Three of the furnaces
had direct-contact evaporators; the other two furnaces were indirect-
contact (no direct-contact evaporator) type furnaces. The particulate

emissions for the furnaces tested are shown in Figure 6-1. Data




Figure 6-1

Particulate Concentrations in Contpol Systems
Exhaust from Kraft Recovery Furnaces
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obtained from the operators of mills with several of the furnaces
tested by EPA are also presented in Figure 6-1 for comparison
purposes. Visible emission data for the furnaces tested are
presented in Tables 6-1 to 6-4.

In addition, EPA contacted several vendors and operators in
response to comments on Jong-term precipitator performance on
recovery furnaces. The conclusions of this investigation, discussed
in detail in section 4.1.1, is that with proper design and maintenance
a well operated precipitator can control particulate emissions from
vecovery furnaces to below the level of the proposed standard of
0.10 g/dscm.
Furnace D

Furnace D, which uses a direct-contact evaporator, is designed
for an equivalent pulp production rate of 602 tons per day. Furnace D
was operating at 90 to 95 percent of design capacity during the EPA
testing. This furnace was tested twice by EPA,3=4 in tests conducted
about one year apart. Three runs were performed during each test.
The particulate emissions from this facility are controlled by a
wet-bottom electrostatic precipitator. Information supplied by the
operator indicate that this electrostatic precipitator has an operating
collection efficiency of 99.5 percent and a collection surface area-
to-gas volume ratio of 346 (sq. ft/1000 acfm). The first set of EPA
tests were inconclusive because results indicated abnormal conditions
were existing during the test due to either a control device or furnace
malfunction or to improper testing. This conclusion is supported

by company data obtained over a 17-month period which indicated an

6-3




average emission rate of 0.128 g/dscm (0.056 gr/dscf). During the
second set of EPA tests, D on Figure 6-1, the emissions ranged
from 0.061 to 0.083 and averaged 0.075 g/dscm (0.033 gr/dscf),
corrected to 8 volume percent oxygen. Oxygen levels in the exhaust
gases during these tests ranged between 9.8 and 10.6 percent.
Visible emission data, Table 6-1, were also obtained during the
second set of tests. The span of the six-minute average opacity
readings was 0 to 29.2 with an average of about 16.3 percent.
Furnace J
Furnace J, which does not have a direct-contact evaporator,
is designed for an equivalent pulp production rate of 17100 toné per
day. This furnace was tested by EPA while it was operating at
design capacity. The particulate emissions are controlled by a dry-
bottom electrostatic precipitator which has a design collection
efficiency of 99.8 percent and has a collection surface area-to-
gas volume ratio of 383 sq. ft/1000 acfm. The precipitator has
two separate identical chambers in parallel; each chamber has five
electrical fields. The exhaust gases from each chamber exit through
separate stacks. Both stacks were simu]tanéous]y tested for a total
of six test runs on each stack.® |
The emissions from the one half (J') ranged from 0.023 to 0.041
g/dscm with an average of N.029 g/dscm (0.013 gr/dscf). Oxygen
levels in the exhaust were less than 8 percent by volume, The
emissions from the other half (") ranged from 0.117 to 0.133 g/dscm
and averaged 0.124 g/dscm (0.054gr/dscf).
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Table 6-1

Summary of Visible Emissions for
Recovery Furnace D

Date: Nov. 1-2, 1973
Type of Plant: Kraft Pulp Mill

Type of Discharge: Stack Distance from Observer to Discharge Point: 30 ft.
Location of Discharge: Recovery Furnace Height of Observation Point: 220 ft.
Height of Point of Discharge: 250 ft. Direction of Observer from Discharge Point:

Description of Background:

Description of Sky:

Wind Direction: Not Available Wind Velocity: Not Available mi/hr
Color of Plume: Detached Plume:

Interference of Steam Plume:

Duration of Observation: 11/1 - 19 min,, 15 sec.

11/2 - 22 min., 15 sec.
31 min., 30 sec.

Summary of Data: (Normalized to a 3.0-m stack diameter):

. Particulate
No. of 6-Minute Range of Average Concentration
Run Averages .Averages Opacity (%) g/dscm(gr/dscf)
1 4 14.2 - 29.2 241 0.07 (0.031)
2 3 0-11.1 6.0 0.05 (0.021)




Visible emission data were also recorded during the particulate
tests and indicate that the average opacity from precipitator J',
Table 6.2, and J", Table 6.3, was Tless than 8 and 45 percent,
respectively.

Data J'2 and J"2 (two tests) obtained from the operator
indicate that the particulate emissions from precipitator J' and J"
range from 0.037 to 0.041 g/dscm and from 0.087 to 0.137 g/dscm,
respectively.

Since the precipitators (J' and J") are physically separated,
have the same design and operating parameters, and handle approximately
half of the exhaust flow from the furnace, the only difference
between the two precipitators was the maintenance received.

The turning vanes and air distribution plates on precipitator J'

were cleaned one month prior to the EPA tests. The air distribution
plates on precipitator J" were cleaned about three months prior to
EPA's testing but the turning vanes had not been cleaned since the
precipitator went into operation (about 17 months prior to EPA
tests). The operator'fé1£ that the reason -for -the poorer collection
efficiency on the one half (J") was due to the turning vanes and air
distribution plates being caked which resulted in improper air
patterns through the precipitator. The manufacturer also stated

that improper air distribution through a precipitator resulting

from buildup on the turning vanes can reduce the collection efficiency
of the precipitator.26 At the time of the test, there were no

cleaning mechanisms such as rappers on these turning vanes to keep
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Table 6-2

Summary of Visible Emissions for
Recovery Furnace J'

Date: Jan. 22-25, 1974
Type of Plant: Kraft Pulp Mill

Type of Discharge: Stack Distance from Observer to Discharge Point: 30 ft.
Location of Discharge: Recovery Furnace #5 Helght of Observation Point: 240 ft.
Height of Point of Discharge: 250 ft. Direction of Observer from Discharge Point: S5.W.

Description of Background: Sky and frequent plumes from other stacks

Description of Sky: Clear to partly cloudy

Wind Direction: S-SE Wind Velocity: 0-15 mi/hr
Color of Plume: White . Detached Plume: No

Interference of Steam Plume: No
Duration of Observation: 15 hrs., 58 minutes

Summary of Data: (Normalized to a 3.0 m stack diameter):

) Particulate

" No. of 6-Minute Range of Average Concentration

Run Averages Averages Opacity (%)  g/dscm(gr/dscf)

1A 27 0.7-8.2 2.2 0.02 (0.011)
B 27 1.0-15.2 7.6

2A 20 N-1.3 n.5 0.04 (0.018)
B 28 n-2.0 0.5

3A .20 n-8.7 2.5 0.03 (0.013)
B - no readinys taken -

4A 27 0-0 U 0.02 (0.010)
B 20 .3 0 '

5A 20 7-10.0 4.1 0.02 (0.010)
B 20 0-3.2 0.8

6A 17 g=n 0 0.03 (0.014)
B 20 Nn.5 0.5
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Table 6-3

Summary of Visible Emissions for
Recovery Furnace J"

Date: Jan. 22-25, 1974
Type of Plant: Kraft Pulp Mill

Type of Discharge: Stack Distance from QObserver to Discharge Point: 30 ft.
Location of Discharge: Recovery Furnace #5 Height of Observation Point: 240 ft.
Height of Point of Discharge: 250 ft. Direction of Observer from Discharge Point: S.W.

Description of Background: Sky and frequent plumes from other stacks

Description of Sky: Clear to partly cloudy

Wind Direction: S-SE Wind Velocity: 0-15 mi/hr
CoTor of Plume: White Detached Plume: No
Interference of Steam Plume: No

Duration of Observation: 714 hrs., 18 minutes

Summary of Data (Normalized to a 3;0 m stack diameter)

Particu]a?e
No. of 6-Minute Range of Average Concentration
Run Averages Averages Opacity (%)  9/dscm (gr/dscf)
1A 27 20.3-40.5 28.4 0.13 (0.058)
B 27 15.8-39.0 30.8
' 20 18.0-50.0 38.8 0.12 (0.055)
22 28 29.4-49 .4 40.3
18 15.5-42.2 30.5 0.12 (0.053)
33 18 12.4-30.8 22.1
4A 15 - 25.7-46.8 40.0 0.13 (0.057)
B 20 20.1-42.9 34.2 _
5A 14 23.8-46.4 36.9 0.12 (0.052)
B 19 23.8-41.0 34.2
6A 18 40.6-51.5 45.4 0.12 (0.053)
B 20 26.6-48.6 35.1
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them clean. The manufacturer stated that rappers could be installed
to keep the turning vanes free of buildup. A certain amount of
engineering work would be necessary to determine the number and
location of the rappers in order to keep the turning vanes cleaned
during continuous oper‘ation.z6
Furnace K

Furnace K, which does not have a direct-contact evaporator,
is designed for an equivalent pulp production rate of 863 tons per
day. The particulate emissions from Furnace K are controlled by a
dry-bottom electrostatic precipitator with a design efficiency of
99.5 percent and a surface area-to-volume ratio of 441 (sq. ft/1000 acfm),
but during the testing by EPA the ratio was 570 (sq. ft/1000 acfm)
due to the furnace operating at 74 percent of design capacity. This
ratio of 570 is much higher than the normal surface-to-volume ratio
encountered in this industry. Five test runs were conducted on
Furnace K by EPA.7 The particulate emissions ranged from 0.006 to 0.008
g/dscm with an average of 0.007 g/dscm (0.0031 gr/dscf), corrected
to eight volume percent oxygen. Oxygen levels were about 10 percent
during the EPA testing.

Monthly data (K2) obtained over a period of seven months
from the state agency show that the particulate emissions range
from 0.003 to 0.055 g/dscm.

Weather conditions existing during the EPA tests did not permit
opacity observations on Furnace K.
Furnace L

Furnace L is designed for an equivalent pulp production rate

of 550 tons per day. The furnace has a direct-contact evaporator.
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The particulate emissions from Furnace L are controlled by an
electrostatic precipitator with a design collection efficiency
of 99.5 percent. This precipitator has a design collection surface
area-to-gas- volume ratio of 402 (sq. ft/1000 acfm). Six test runs
were performed on this furnace by EPA.8 Furnace L was operating at
16 percent above design capacity during the testing. The emissions
(L1) from these tests ranged between 0.028 and 0.037 g/dscm and
averaged 0.032 g/dscm (0.014 gr/dscf).

Data (L2) obtained over a period of two months (7 tests) from
the company show that the particulate emissions ranged between
0.011 and 0.053 g/dscm.

Visible emission measurements, Table 6.4, made during the EPA
tests indicate that the average opacity of the plume from Furnace L
is less than 6 percent. The six-minute averages ranged from 4.4 to
8.7 percent opacity. The stack gas opacity peaked at regular
intervals during the tests. These small increases in obacity were
observed to coincide with cleaning of the induced draft fan. This
fan is blown with steam at approximately twelve-minute intervals.
Furnace I

Furnace I was also tested by EPA5 but the data are not
presented in Figure 6.1. This furnace has a direct-contact evaporator
and is designed for an equivalent pulp production rate of 906 tons per
day. During the testing, the furnace was operating at about 78 percent
of design capacity. The particulate emissions are controlled by an elec-

trostatic precipitator with design collection efficiency of 98.8 percent.
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Table 6-4

Surmary of Visible Emissions for
Recovery Furnace L

Date: May 7-10, 13, 14, 1974
Type of Plant: Kraft Pulp Mill

Type of Discharge: Stack Distance from Observer to Discharge Point: 850 ft.
Locatjon of Discharge: Recovery Furnace #2 Height of Observation Point: Ground
Height of Point of Discharge: 220 ft. Direction of Observer from Discharge Point: East

Description of Background: Sky-Clouds
Description of Sky: Sunny, partly cloudy

Wind Direction: Varlable Wind Velocity: 0-15 mi/hr
Color of Plume: White Detached Plume:

Interference of Steam Plume:

Duration of Observation: 23 hrs., 51 minutes

Summary of Data

Particulate
No. of 6-Minute Range of Average ‘Concentration
Run Averages Averages Opacity (%) g/dsem (gr/dscf)
1A 36 4.4-6.8 5.3 0.03 (0.014)
B 39 4.4-8.7 5.1
2A 38 4.4-6.3 4.9 0.03 (0.012)
B 36 4.4-5.5 4.7
3A 3 4.4-6.5 5.0 0.03 (0.013)
B 16 4.4-6.5 4.7
an 38 4.4-6.3 4.9 0.03 (0.012)
B 30 4.4-6.3 4.7
5A 43 4.4-6.3 4.9 0.04 (0.016)
B 30 4.4-6.3 4.8
6A 45 4.4-6.8 5.0 0.03 (0.015)
B ' 40 4.4-6.3 4.9
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The emissions from Furnace I ranged from 0.215 to 0.295 a/dscm and averaged
0.262 g/dscm (0.115 gr/dscf) over three test runs. No visible

emission readings were taken during this test. Oxygen levels in

the exhaust during the testing were about 7 percent.

A1l three test runs were conducted during sootblowing. Soot-
blowing-on this furnace is not continuous as is commonly practiced
but is performed once a shift or less often. FEach soot bTowing
cycle takes about three hours which is the approximate duration
the sampling probe was in the stack. Therefore, this data represents
a maximum or peak emission. The other four furnaces tested, however,
have continuous, sequentially repeated sootblowing.

Visible Emissions

A total of 919 six-minute averages were taken during the
particulate tests on furnaces D, J', J", and L. The particulate
concentration during each test run was plotted versus the six-minute
average opacfties recorded during the same period. By plotting a
least squares fit line on these data points, a correlation
between particulate concentration in g/dscm and the plume opacity
can be made. The 95 percent confidence 1imit, based on the
standard deviations of each test run, was also determined and plotted
along with the average. The results of this study are shown in
Figure 6-2. AT1 opacity data were normalized to a 3.0 meter stack
diameter for these calculations.

6.1.2 Smelt Dissolving Tanks
Four smelt dissolving tanks were tested by EPA. The data from

these tests are presented in Figure 6-3. Monthly data obtained from
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Table 6-5

Summary of Visible Emissions for
Smelt Dissolving Tank D

Date: Oct. 1.2, 1973
Type of Plant: Kraft Pulp MiN

Type of Discharge: Stack ‘ Distance from Observer to Discharge Point: 40 ¢,
Location of Jischarge: Smelt Dissolving Tank Height of Observation Point: 240 ft.
Helght of Point of Discharge: 250 ft, Direction of Observer from Discharge Point: East

Description of Background: Clouds or Blye Sky

Description of Sky: Clear to partly cloudy

Wind Direction: SW ‘ Wind Velocity; 10 mi/hr
Color of Plume: White _ Detached Plume: No

Interference of Steam Plume: Yes
Duration of Nbservation: 74 min,, 45 sec.

Summary of Data:

Observation 6-Minute Average Opacity (%)
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0

10 0
11 0
12 0




Smelt Dissolving Tank F

The particulate emissions from smelt dissolving tank F are
controlled by a packed scrubber tewer. Three test runs on this
facility were performed by EPA.12 The emissions (F1) ranged
from 0.098 to 0.114 g/kg ADP and averaged 0.105 g/kg ADP (0.209
1b/T ADP).

Visible emission data, Table 6-6, obtained during the EPA
tests indicate that the opacity of the residual plume from smelt
tank F is less than 10 percent.

Data (F2) obtained from the state agency over a period of ten
months show that the particulate emissions ranged from 0.040 to 0.240 g/kg
ADP and averaged 0.101 g/kg ADP (0.202 1b/T ADP). Smelt tank F
associated recovery furnace operates at an equivalent pulp production
rate of 450 tons per day.

Smelt Dissolving Tank G

Particulate emissions from smelt dissolving tank G are also
controlled by a packed scrubber tower. Four test runs were

13 The emissions (G1) during

conducted on smelt tank G by EPA.
these tests ranged from 0.078 to 0.215 g/kg ADP and averaged
0.135 g/kg ADP (0.27 1b/T ADP).

Visible emissions data, Table 6-7, obtained during these
tests show that the opacity of the residual plume averages below
10 percent.

Data (G2) obtained from the state agency over a period of

ten months ranged from 0.065 to 0.200 g/kg ADP and averaged
0.106 g/kg ADP (0.212 1b/T ADP).




Table 6-6

Summary of Visible Emissions for
Smelt Dissolving Tank F

Date: Oct. 9, 1973

Type of Plant: Kraft Pulp Mil1
Type of Discharge: Stack Distance from Observer to Discharge Point: 750 ft.
Location of Discharge: Smelt Dissolving Tank Height of Observation Point: 125 ft,

Helght of Point of Discharge: 125 ft. Direction of Observer from Discharge Point: South
Description of Background: '

Description of Sky: Hazy and partly cloudy

Wind Direction: West Wind Velocity: & ' " mi/hr
Color of Plume: White Detached Plume: No

Interference of Steam Plume: yes

Duration of Observation: 56 min., 30 sec.

Summary of Data:
Observation 6-Minute Average Opacity (%)
1 1.9

2.3
1.2
0.8
1.0

0.0

2

3

4

5

6 0.6
7

8

9 0.4
0

1

0.0




Table 6-7

Summary of Visible Emissions for
Smelt Dissolving Tank G

Date: Oct. 16 & 18, 1973
Type of Plant: Kraft Pulp Mill .
Type of Discharge: Stack Distance from Observer to Discharge Point: 50 ft.

Location of Discharge: Smelt Dissolving Tank #3 Height of Observation Point: 140 ft.
Height of Point of Discharge: 150 ft. Direction of Observer from Discharge Point: W-SW

Description of Background: Hazy sky

Description of Sky: Sunny, partly cloudy

Wind Direction: MWest Wind Velocity: 0-10 ' mi/hr
Color of Plume: White Detached Plume: No

Interference of Steam Plume: Yes
Duration of Observation: 75 minutes

Summary of Data:

No. of 6-Minute Range of Avgrage
Run Averages Averages Opacity (%)
1 2 0.0 0
2 10 0.8-2.5 1.9




The recovery furnace associated with smelt tank G operates
at an equivalent pulp production rate of 300 tons per day.
6.1.3 Lime Kilns
Particulate data obtained on four.lime kilns tested by EPA are
presented in Figure 6-4. Data obtained by the mi1ls and state
agencies are also presented. The particulate emissions from each
Time kiln are controlled by a venturi scrubber. Visible emissions
-were recorded during two tests on Kiln L.. Normally it is difficult
to take opacity readings at Time kilns due to steam interference
at the stack. The six-minute opacity averages are presented, but
are not considered to be a sufficient base upon which to base a
visible emissions standard.
Lime Kiln D
iParticu]ate emissions from Time kiln D ranged between 0,142
~and 0.343 and averaged 0.228 g/dscm (0.10 gr/dscf) during the
EPA tests.14 Oxygen Tevels in the exhaust stream following the
scrubber were less than'iojpercent by volume. These data are the
results of three test runs conducted while the kiln was burning
natural gas. The operating pressure drop of the venturi scrubber
during these tests was 22-25 inches, water gauge, Weather conditions
éxisting during the EPA tests did not permit opacity observations
to be recorded. |
| ~This kiln operates at an equivalent pulp production rate of
about 570 tons per day.
These data are not\representative of the best emission control
Tevel for particulate emissions: from lime kilns, and therefore

do not substantiate the proposed standards.
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o ~ Figure 6-4
Particulate Concentrations in Control System

Exhaust from Lime Kilns Used in the Kraft Pulping Industfy
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Lime Kiln K

Lime kiln K was tested by EPA while burning both natural gas
and No. 6 o0i1.16

The emissions (K1) during the three test runs while burning
No. 6 0i1 ranged betweeh 0.233 and 0.286 g/dscm and averaged 0.258 g/dscm
(0.121 gr/dscf), corrected to 10 volume percent oxygen. The
operating pressure drop of the venturi scrubber during three
tests was 31.0 to 33.0 inches of water. The oxygen Tevels in
the exhaust sfream following the scrubber during these
tests were about 11 percent by volume.

The emission (K2) during the two test runs while bﬁrning
natural gas ranged between 0.092 and 0.7149 g/dscm and averaged
0.121 g/dscm (0.053 gr/dscf), corrected to 10 volume percent
oxygen. The operating pressure drop of the venturi scrubber during
these tests was 26.5 to 31.0 inches of water gauge. Oxygen 1eve]5
in the exhaust stream following the scrubber during these test runs
were about 11 percent by volume,

It was impossible to obtain meaningful data on the visible
emissions from this lime kiln since the plume mixed with the pTlume
from the adjoining 1ime kiln.

Data on particulate emissions (K3) obtained from the state agency
over a period of seven months ranged from 0.032 to 0.167 g/dscm and averaged (}
0.107 g/dscm (0.047 gr/dscf).

Lime kiln K operates at an equivalent pulp production rate of

320 tons per day.
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Lime Kiin L

Lime kiln L was also tested by EPA on both types of fuel (natural
gas and No. 2 oil) used in this kiln.18 Three test runs were performed
on each fuel. The emissions (L1) during the fuel oil tests ranged _
between 0;515 and 0.597 g/dscm and averaged 0.548 g/dscm (0.24 gr/dscf).
These high particulate levels are concluded to be the results of
incomplete combustion of the 0il. The operator indicated that they
were experiencing difficulties in maintaining the kiln temperatures
over any period of time when burning fuel oil. Thus, the operator
only burns 0il when there is no other alternative.

The emissions (L2) during the natural gas tests ranged between
0.048 and 0.076 g/dscm and averaged 0.061 g/dscm (0.027 gr/dscf).

The operating pressure drop of the venturi scrubber during these
tests was 15-18 inches of water. The oxygen content of the exhaust
was about three percent during these tests.

The visible emission data indicated that the opacity of the
residual plume from Time kiln L during the fuel oil tests, Table 6-8,
and natural gas tests, Table 6-9, was less than 25 and 10 percent,
respectively.

Data (L3) obtained from the operator over a period of three
montHs (11 tests) show that the emissions ranged from 0.039 to 0.151
g/dscm and averaged 0.093 g/dscm (0.04 gr/dscf). These tests were
conducted while the 1lime kiln was burning natural gas. This Time
kiln operates at an equivalent pulp production rate of about

500 tons per day.
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Table 6-8

Summary of Visible Emissions for
Lime Kiln L1

Date: April 30-May 1, 1974
Type of Plant: Kraft Pulp Mil _ ‘
Type of Discharge: Stack - Distance from Observer to Discharge Point: 200 ft.

Location of Discharge: Lime Kiln #3 (Gas-Fired) Height of Observation Point: Greund
Height of Point of Discharge: 100 ft. Direction of Observer from Discharge Point: North

Description of Background: Biye sky

Description of Sky: Clear

Wind Direction: Northwest _ Wind Velocity: 0-18 mi/hr
Color of Plume: White Detached PTume: No

Interference of Steam Plume: Yes
Duration of Observation: 5 hrs., 36 1/2 minutes

Summary of Data:

No. of 6-Minute Range of Average

Run Averages Averages Opacity (%) Comment
1A 21 5.0-5.8 5.0

B 23 5.0-5.0 5.0

2A 20 - 5,0-5.0 5.0

B 0 - - steam interference
3A 16 5.0-5.0 5.0

B 1 5.0 5.0 steam interference
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Table 6-9

Summary of Visible Emissions for
Lime Kiln L2

Date: May 2-3, 1974
Type of Plant: Kraft Pulp Mill

Type of Discharge: Stack Distance from Observer to Discharge Point: 500 ft.
Location of Discharge: Lime Kiln #3 (011-Fired) Height of Observation Point: Ground
Helght of Point of Discharge: 100 ft. Direction of Observer from Discharge Point: Northwest

Description of Background: Sky and clouds

Description of Sky: Partly cloudy

Wind Direction: Southwest Wind Velocjty: 5-15 mi/hr
Color of Plume: White Detached Plume: No '
Interference of Steam Plume: Yes.

Duration of Observation: 5 hrs., 46 minutes

Summary of Data:

: No. of 6-Minute Range of Average
Run Averages Averages Opacity (%) Comment
4A 13 5.0-9.8 6.0

B 0 - - steam interference
5A 21 5.6-14.2 10.5

B' 0 - - steam interference
6A 22 10.0-15.0 12.1

B 0 - - steam interference
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Lime Kiln N

Lime kiln N was also tested by EPA on both types of fuel used
(natural gas and No. 6 fuel 0i1).20 Three test runs were performed
using each fuel. The emissions during the tests when No. 6 fuel
0i1 was burned ranged between 0.07 and 0.22 g/dscm and averaged 0.165
g/dsem (0.072 gr/dscf),

The emissions (N2) during the natural gas tests ranged between
0.08 and 0.11 g/dscm and averaged 0.095 g/dscm (0.041 gr/dscf). The
operating pressure drop of the venturi'scrubber during these tests
was about 18 inches of water.

It was impossible to obtain meaningful visible emission data
during the particulate test since the plume mixed witﬁ the plume
from the other 1fme kiln,

Effect of Fuel on Lime Kiln Particulate Emissions x

Testing was performed on more than one type of fuel on several
of the Time kilns, since the results of the testing on lime ki]n.K
indicated that the controlled emissions depended on the type of
fuel used. The difference in the controlled particulate levels
when using No. 6 0i1 and natural gas seems to be the result of
the added particu]ates produced by inefficient combustion of No. 6
0il. The black color observed on the sampling filters supports
this conclusion.

6.2 TRS EMISSIONS
6.2.1 Digesters and MuTtiple-Effect Evaporators
At least 23 U.S. mills incinerate noncondensable gases from digesters

and multiple-effect evaporators in 1ime ki]ns.27 TRS remaining from
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incomplete combustion of the noncondensables is difficult to
distinguish from TRS normally emitted by the 1ime kiln. To
determine TRS emission levels that can be achieved by combustion,
EPA measured emissions at a plant that combines noncondensable
gases from a continuous digester and multiple-effect evaporator
and burns them in a separate 1nc1nerator.23

The inlet and outlet streams of the incinerator were monitored
for TRS by gas chromatography. The inlet stream, which included
premixed combustion air, was found to contain trace amounts of
S02 and more than 1,000 parts per million TRS. (Precise TRS measure-
ments of the inlet stream could not be made because the high levels
saturated the photometric detector,) The results of four test runs
on the outlet étream, presented in Figure 6-5, indicate that the
TRS levels were less than 5 ppm. The TRS test results (four-hour
averages) ranged between 0.5 and 3 ppm and averaged 1.5 ppm
(dry gas basis).

During the tests, the incinerator was handling a combination
flow‘rate of abour 2800 scfm of noncondensable gases from the
digester system and multiple-effect evaporator system. The
continuous digester was producing about 670 tons of pulp per day.
The incinerator was operating at 1000°F (measured) with a retention
time for the gases of at least 0.5 seconds (calculated). Natural
gas was fired in the incinerator at an estimated rate of 195 scfm.

In a batch digestion system, TRS emission levels from an
incinerator may peak during a blow of a digester due to the large

surges of gas to the incinerating device. However, these peaks
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can effectivé1y be avoided by preventing these large surges
of gas by using either large spherical tanks equipped with a
movable nonporous diaphragm or conventional gas holders.
6.2.2 Brown Stock Nash{ng System

Vent gases from the brown stock washers are used as combustion
air in recovery furnaces at three mills (two in U.S.). One of
these mii]s has more than 4 years of on-Tine éxperience. The
company reports that initial problems with corrosion of equipment
have been eliminated and that no significant operating problems
have appeared.

Incineration of brown stock washer gases in the furnace appears
to have little effect on the TRS emissions from the recovery furnace.
The results of tests by EPA on furnace B, F{gure 6-6, show that
when the gases from the brown stock washers are incinerated in the
furnace, the TRS emissions are less than 5 ppm.

6.2.3 Black Liquor Oxidation Tanks

A11 mills currently vent the gases from black liquor oxidation
[BLO) tanks to the atmosphere. Since the volume of the Qent gases
from BLO tanks are large (10 to 50 CFM/TPD), it is anticipated that
the gases will be used as combustion air with the brown stock
washer gases in the recovery furnace. The gases will be fired
into the furnace with the combustion air. This control technique
js considered feasible if the entrained water in the BLO gases is

removed by using condensers.28’29
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6.2.4 Recovery Furnaces

TRS emissions from three recovery furnaces were measured by EPA.
The results of these EPA tests are presented in Fiquee 6-6. These
data are four-hour averages. The emissions were monitored sfmu]taneous1y
with a gas chromatograph and a coulometric titrator. Continuou§ |
monitoring data obtained by operators and reported to state control
agencies on two recovery furnaces are also reported in Figures.6-7

and 6-8. These TRS data are daily averages . and are not used to

substantiate the proposed standard. They are included to give an
indication of long term emission céntrol performance.
Furnace A |

Furnace A, which has a direct-contact evaporator, employs a
black Tiquor oxidation system to control its TRS emissions. The
recovery furnace is designed for an equivalent pulp production
rate of 657 tons per day and was operating near design capacity
during the EPA testing. Furnace A was tested over a six-day-
period by EPA.] Simultaneous analyses by gas chromatography,
the referenceé test method, and an EPA coulometric titrator were
consistently in agreement and showed TRS Tevels less than 5 ppm
on a four-hour average. Daily ave}age TRS emissions ffdm Furnace A
obtained froﬁ the mi11 operator are presented in Figpre 6-7. These
data were obtained over a period of 15 mdnths by the operator with-
a coulometric titrator.
Furnace B

Furnace B TRS emissions are controlled by maintaining proper’
furnace operation for TRS combustion.and eliminating the direct-

contract evaporator from the black Tiquor concentrating system.
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Figure 6-6

TRS Emissions From Recovery Furnace
Systems Averaged For Periods Of Four Hours
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Noncondensable gases from the brown stock washers are incinerated
in this recovery furnace. Furnace B is designed for an equivalent
pulp production rate of 300 tons per day; during the EPA testing,
the furnace was operating at a pulp production rate of about 345 tons
per day, 15 percent above the rated capacity. Emission measurements
were also made over a 7-day period by EPA. Simultaneous analyses
by gas chromatography, and EPA coulometric titrator and the operator's
coulometric titrator consistently agreed. The results of the EPA
tests showed four-hour average TRS emissions less than 1 ppm.2 TRS
emissions from Furnace B obtained from the operator are presented
in Figure 6-8. These data were obtained over a 26-month period
by the operator with a coulometric titrator. These daily averages
are not as stringent as the proposed four-hour average standard.
The data are presented as an indication of long-term performance
of this facility.
Furnace D

Furnace D was tested over a 5-day period by EPA.4 The TRS
emissions from Furnace D, which has a direct-contact evaporator,
are controlled by emp1oying a b]aék liquor oxidation system and
maintaining proper furnace operation for TRS combustion. Four
out of five analyses by gas chromatography indicated TRS levels
Jess than 5 ppm. The data are presented in Figure 6-6.
Furnace H

Furnace H, which does not have a direct-contact evaporator,
was not tested by EPA. Continuous monitoring data (daily averages)

was obtained from the local control agency for a period of 8 months . 29
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These data, Figure 6-9, show that the TRS emissions can be maintained
below 5 ppm. Furnace H operates at an equivalent pulp hroduction
rate of about 200 tons per day. These daily averages are not as
stringent as the proposed four-hour average standard. The data are
presented as an indication of long-term performance of this facility.
Furnace K

Furnace K, which does not have a direct-contact evaporator,
was not tested for TRS by EPA. Continuous monitoring data was
obtained from the local control agency for a period of 10 months.28
These data, presented in Figure 6-10, indicate that the TRS emissions
can be maintained below 5 ppm on a daily average. Since daily
averages are not as stringent as four-hour averages, these data
do not actually support the proposed standards. They do, however,
indicate long-term performance, and are included for this reason.
6.2.5 Smelt Dissolving Tank

Two smelt dissolving tanks were tested by EPA for TRS emissions
using a gas chromatograph for 3 days. The TRS emissions from these
smelt dissolving tanks (D and E) are presented in Figures 6-11 and 6-12.
“The EPA results are four-hour averaaes.

Smelt Dissolving Tank D

The TRS emissions from smelt tank D were under 0.008 g/kg ADP (0.016
1b/T ADP or 6.9 to 8.8 ppm) during the three-day test pem’od.10 The
data are presented in Fiaure C-11. This smelt dissolving tank also
employs a wet fan type scrubber to control its TRS emissions.. Weak
wash liquor (water from lime mud washers) is used as the scrubbing

solution in this scrubber.
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Smelt Dissolving Tank E

The TRS emissions from smelt tank E were under 0.004 q/kg ADP
(0.0079 1b/T ADP or 1.8 to 2.8 ppm) during the three-day test pem’od.H
The data are presented in Figure 6-12. This smelt dissolving tank employs
a wet fan type scrubber to control its TRS emissions. Fresh water
is used as the scrubbing solution in the scrubber.

Additional Test Data

A special study, conducted by NCASI personnel in 1970 and 1971,
measured TRS emissions from numerous smelt dissolving tanks.30 The
reduced sulfur contributions from 20 smelt tank vents are also
summarized and reported in Table 6-10. This table shows that 15
smelt tanks, tested by NCASI, had TRS Tevels Tless than 0.013 g/kg ADP
(0.025 1b/T ADP or 7 ppm). Table 6-10 also 1ists the control device
and scrubbing solution for each smelt dissolving tank tested. Based
on this information, the most effective control device for TRS
emissions is a wet scrubber using fresh water.

6.2.6 Lime Kilns

Three lime kilns were tested for TRS emissions by EPA, and the
data is summarized in Figure 6-13, TRS emissions were monitored
with a gas chromatograph. These data are four-hour averages. Continuous
monitoring data (daily averages) obtained on one of these 1ime
kilns are also reported in Figure 6-13.

Lime Kiln D
The TRS emissions from lime kiln D during the EPA tests ranged

between 2.8 and 24.1 ppm and averaged 9.8 ppm.]4

These data, Figure 6-14,
are the results of six four-hour runs, TRS emissions from kiln D

are controlled by maintaining good process controls. The cold-end
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EPA Test Results

TRS Emissions From Sme)

Table €-10

Used In The Kraft p

TRS
MIT gfkg ABe 1bjT ADP pon
E 0.004 0.0079 1.8-2.6
D 0.008 0.016 6.9-8.8
NCAST Study Results
11 0.005 0.00 1.0-2.5
11 0.0 0.12 10-40
0.005 0.01 <0.1-1.0
<0.005 0.01 <0.1-0.6
IV 0.02 0.04 1.0-20.0
0.0? 0.04 3.0-26.0
0.04 0.08 10-35
0,055 n.1 20-6k
v 0.005 0.01 1.5-3.0
0.01 0.02 4-9
<0.0005  <0.007 0.1
<0.0005  <0.00] 0.1
VI 0,065 - <0.01 2.0-4.0
<0005 .01 0.8-1.8
<0.00045 <(. 001 . <0.1
v 0.0} 0.02 4-6
0.015 0.3 5-8
VIII 0.005 0.01 2-5
X <0.0005 <0.0607 <0.1
X 0.01 0.02 4-6
0.005 0.01 4-6
0.005 0.01 2-6
X1 <0.0005  <0.00] 0.1
XIT <0.005 0,01 1-1.5
<0.005 <0.01 0.1-2.5
XVIT 0.005 0.01 17-33
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temperature is maintained at 460 to 540°F and the excess oxyqen is
held at about 5 to 6 percent. Fresh water is used in the venturi
scrubber. TRS emissions are also reduced from lime kiln D by
maintaining the sulfide (NaZS) content in the Time mud to about
0.3 percent. The high TRS readings during the EPA testing coincide
with periods of 1ow oxygen levels (2-4 percent) and high sulfide
content (1.0 percent) in the Time mud. Noncondensable gases
from the multiple-effect evaporators were be1ng burned in this -
- Time kiln during the tests.
Lime Kiln E
The TRS eﬁiésions during six test runs from Time kiln E during the EPA

tests were under 2.0 ppm.]5 These data are presented in Figure 6-15,
The TRS emissions are controlled by maintaining a high cold-end
temperature of 555 to 740Q°F and the excess oxygen between 2.5 and 4.5
percent. In addition, a sodium hydroxide solution is added to the fresh
make-up scrubbing water in the venturi scrubber to reduce hydrogen
sulfide emissions. bontinuous monitoring data, Figure 6-16, obtained
from the operator covering a period of 13 months show that TRS
emissions from 11me kiln E ranged between zero and 10,7 ppm and
averaged 0.63 ppm on a maximum daily average. Four-hour averages
would Tikely be a bit higher,

- EPA ana1yzed one month of TRS emission data from this faci11ty.3]
The data were collected with a coulometric titrator and reduced into
consecutive four-hour averages. During the period analyzed, there
Were more excess emissions than the average month reporfed by the

operator, Therefore, this month represents a type of worst case
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analysis. The results of the study show that the four-hour
average TRS emission Jevel was below 5 ppm about 94 percent of
the time. The study excluded emissions during periods of start-up,
shutdown, and malfunction. Vent gases from the digesters, evaporators,
condensate stripper, and miscellaneous storage tanks were burned
in the lime kiln during the EPA tests.
Lime Kiln K
The TRS emissions from lime kiln K during the EPA tests ranged
between 4.0 and 12.5 ppm and averaged 6.0 ppm.]7 These data,
Figure 6-17, are the results of six four-hour test runs. The TRS
emissions are controlled by maintaining the cold-end temperature
around 700°F and the excess oxygen concentration level in the kiln
between 6 to 7 percent. Analyses showed that the sulfide content
of the Tlime mud to kiln K Qas about 0.4 percent. Fresh water is
used as.make-up to the venturi scrubber used for particulate control.
Noncondensable gases from the digesters, multiple-effect
evaporators, and turpentine system are burned in this lime kiln.
Lime Kiln O
Lime kiln O was not tested by EPA. Continuous monitoring data
(daily averages) was obtained from the local agency'for-a period of
17 months.32 These data, presented in Figure 6-18, show that the
- TRS emissions range between 3 and 32 ppm and average 9 ppm on a daily
average. Lime kiln 0 operates at about 3-4 percent oxygen concen-
tration and at about 300°F at the cold end. Fresh water is used as

make-up to the venturi scrubber used for particulate control.
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6.2.7 Condensate Stripping System

Vent gases from condensate stripping systems are low volume
(about 4000 cfm for a 1000 TPD mi11) and can easily be incinerated
in a lime kiln. Presently three domestic mills are successfully
incinerating these gases. Two are air strippers and the third js
a steam stripper. The vent gases from one of the air strippers are
incinerated in a recovery furnace while the vent gases from the
other air stripper are burned in a separate incinerator unit. The
vent gases from the steam stripper are being incinerated in a lime
kiln (1ime kiln E). The efféctiveness of incineratiﬁn for removing
TRS from noncondensable gas Streams has been‘demonstrated in an
EPA test on an incinerator burning noncondensables from the digesters
and multinle-effect evaporator-s.24 Since the emissions from the stripper
system are similar to the emissions from the digesters and evaporators
and are of Jow volume, the use of the same control technology is a
practical app]iqgtion. Therefore, the results of the incinerator
tests are applicable to the emissions from this facility. Incineration
of the off-gases from the condensate Stripper system in the Time kiln
or other combustion device will be capable of achievihg an emission

concentration of below 5 ppm.
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10.
.
12.
13.

14.
15.
16.
17.
18.

Air Pollution
March 1975.

Air Po11ut16n
March 1975.

Air Pollution
January 1975.

Air Pollution

November 1975.

Air Pollution
January 1975.

Air Pollution
January 1975.

Air Pollution
June 1974.

Air Pollution

November 1974.

Air Pollution
March 1975.

Air Pollution

November 1975.

Air Pollution

November 1975.

Air Pollution
January 1975.

Air Pollution

February 1975.

Air Pollution
Air Pollution
Air Pollution
Air Pollution

Air Pollution

References

Emission Test 72-PC-11 (Recovery Furnace A),
Emission Test 72-PC-13 (Recovery Fufnace B),
Emission Test 73-KPM-2 (Recovery Furnace D),
Emission Test 74-KPM-5 (Recovery Furnace D),
Emission Test 74-KPM=13 (Recovery Furnace 1),
Emfssion Test 74-KPM-12 (Recovery Furnace J),_
Emission Test 74-KPM-15 (Recovery Furnace K),
Emission Test 74-KPM-17 (Recovery Furnace L),
Emission Test 72-PC-13 (Smelt Dissolving Tank B),
Emission Test 74-KPM-5 (Smelt Dissolving Tank D),
Emission Test 74-KPM-4 (Smelt Dissolving Tank E),
Emission Test 74-KPM-10 (Smelt Dissolving Tank F),
Emission Test 74-KPM-9 (Smelt Dissolving Tank G),

Emission Test 74-KPM-5 (Lime Kiln D), November 1975.
Emission Test 74-KPM-4 (Lime Kiln £), November 1975.
Emission Test 74-KPM-15 (Lime Kiln K), June 1974.

Emission Test 74-KPM-1A (Lime Kiln K}, November 1974.
Emission Test 74-KPM-17 (Lime Kiln L), December 1974.
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20.
21.
22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Air Pollution Emission Test 74-KPM-20 (Lime KiTn M), March 1974.
Air Pollution Emission Test 74-KPM-19 (Lime Kiln N), January 1975,
Air Pollution Emission Test 74-KPM-11 (Lime Kiln P), January 1975,
Air Pollution Emission Test 72-peoi] (BLO System A), March 1975.

Air Pollution Emission Test 73-KPM-TA (Noncondensabie Incinerator C),
January 1975.

Air-Pollution Emission Test 73-KPM-1B (Noncondensable Incinerator C),
January 1975.

Air Pollution Emission Test 73-KPM-2A (Brown Stock Washers and
BLO System D), January 1975,

Personal communication with S. Snader, Manager of Engineering
and Design, Koppers” Company, September 17, 1974.

Memo from James Herlihy (EPA) to James Durham (EPA) on the
Air Pollution Control at U.S. Kraft Mills (State of the Art),
May 18, 1972,

Letter dated November 17, 1972, from Russell 0. Blosser of NCASI to
Paul Boys of EPA.

Letter dated July 23, 1974, from S. T. Potterton of Babcock and
Wilcox to J. A. Eddinger of EPA.

Factors Affecting Emissions of Odorous_Reduced Sulfur Compounds
from MisceTlaneous Kraft Process Sources, NCASI Technical BulTetin
No. 60, March 1977,

Reduction of Total Reduced Sulfur Data from a Kraft Pulp Mil1
Lime KiTn, Emission Standards and Engineering Division, U.S. EPA,
December 1975,

Monthly Reports to Humboldt County Air Pollution Control District,
January 1973 to May 1974,

Letter_from Andrew Ryfun, Manager of Environmental Services,
Brunswick Pulp and Paper Company to James Herlihy of EPA,
dated October 5, 1973,

Informatign received by EPA fronm Buckeye Cellulose Corp. at
meeting with industry at Research Triangle Park, N.C., March 7, 1975,

Information obtained from the Washington Department of Ecology.
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36,

37.
38.

39.

Letter from James Farmer of Buckeye Cellulose Corp. to James Herlihy
of EPA, dated February 4, 1974.

Data supplied to EPA by Champion Paper Company, Pasadena, Texas.

Data supplied to EPA by Escanaba Pulp and Paper Company, Escanaba,
Michigan, July 2, 1974.

Data supplied to EPA by the Humboldt County Air Pollution Control
Agency, May 10, 1973 and July 1, 1974.
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7.  ENVIRONMENTAL IMPACT

The purpose of this chapter is to jdentify, quantify, ahd
evaluate the positive and negatﬁve'environmenta1 impacts of the
alternative control systems presented in thapter 4 for kraft
pulp mills. The impacts on total mass emissions and ambient
concentrations of TRS and particulate matter, water supply and
treatment requirements, solid waste handling and disposal,
noise and radiation, and energy requirements for each alternative
system are discussed. Both primary and secondary impacts
are considered. Primary impacts are those directly attributable
to each alternative control system. Secondary impacts are
indirect or induced impacts which arise from the application
of these systems. In general, for kraft pulp mills the use of
one of the alternative control systems will have an overall
beneficial impact on ambient air quality and slight adverse impacts
on solid waste handling and disposal, and energy demand. No
impacts on water treatment and supply are anticipated. Impacts due
to an increase in noise as a result of the use of one of the alternative

control systems can be anticipated, but have not been quantified. It is

assumed that any increases would he negligible when compared to thz

existing levels. No impacts due to a change in radiation levels ate
anticipated as a result of the proposed standards.

A summary of the anticipated secondary environmental effects
associated with the alternative control standards is presented in Table 7-1.
Impacts on air quality, water supply and treatment, solid waste impact, and
energy consumption are identified. These impacts will be discussed in more

detail later in this chapter.
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7.1 AIR POLLUTION IMPACT
7.1.1 Primary Impacts

The primary impacts that can be attributed to the use of
the alternative control systems can be measured in two ways:
the reduction in total mass emissions of TRS and particulate
matter and the reduction in the maximum predicted ambient air
concentration due to these emissions. As a baseline upon which
to measure the impacts due to the proposed standard;, an average
mill controlled to the levels specified by typical state standafds
was chosen. These baseline emission values are summarized in |
chapter 4 as control system number 1. Emission rates were
then determined for the facilities controlled with the alternative

systems, also summarized in chapter 4.

7.1.1.1 Mass Emissions

The reductions in mass emission levels were calculated
on the basis of pounds of pollutant per ton of air-dried pulp
produced. Taking into account the average yearly growth rate
for the industry, an assumed rate of capacity utilization
of 0.95, and the rate of production capacity increase (new
capacity plus replacement capacity), the industry-wide reduction
in emissions can be calculated.

The total reductions in emissions achievable through the
application of the various control techniques discussed in
detail in chapter 4, Emission Control Technology, are presented

in Table 7-2. By combining the potential reductions for each
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facility., the'tota1 reductions attributable to the alternative
control systems can be determined.

The reductions in total mass emissions achievable are summarized
in Table 7-3. System number 1 is used as the baseline upon which
to measure the impacts. The greatest impact on TRS emissions
is shown with systems 2 and 5 (81%); on particulate matter with
systems 4 and 5 (55%). System 3 shows the least impact.
7.1.1.2. Ambient Concentrations

For the purpose of evaluating the air pollution impacts
associated with the implementation of the proposed standards,
studies were performed on model kraft pulp mills. The models
chosen were of average design and layout as shown in Figure 7-1,
and include the eight affected facilities controlled by the proposed
ctandards as well as an average size treatment pond facility.
Modeling was performed for plants of 500, 1000, and 1500 tons per
day of air-dried pulp (ADP) produced, a range within which the
majority of kraft pulp mi1l capacities fall.

Maximum ground-level concentrations of each pollutant were
determined for the emission rates corresponding to each control
system. The concentrations decreased predictably with decreases
in the emission rates. It was possible to adjust the meteorological
conditions of the study to achieve the worst cases that would be
expected to occur at and near a kraft pulp mill.

Ambient concentrations of TRS and particulate matter due to
the alternative levels of control were calculated using state-of-
the-art modeling techniques. These calculations are assumed to be

reliable within about a factor of two. The following assumptions
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were applied for the analytical approach:
1. There are no significant seasonal'or hourly variations
in emission rates for these plants.
2. The plants are Tocated in flat or gently rolling terrain.
3. The meteorological regime is unfavorable to the
dispersion of effluents. This assumption introduces
an element of conservatism into the analysis.
Calculations were performed assuming both the presence and absence
of aerodynamic downwash effects on the emissions. Unfavorable
design characterfsticé of éhe model mi1l such as (1) a 220-foot
structure adjacent to a 250-foot recovery furnace stack, (2) a
175-foot smelt dissolving tank stack next to a 175-foot building,
and (3) a two-foot stack for the black 1iquor oxidation tank atop
a 50-foot building will result in downwash in most situations.
However, stacks are generally designed to eliminate downwash
and a second set of calculations were made assuming a non-downwash
case. |
The results of the study that was performed to evaluate
maximum ground level concentrations due to emissions from kraft
pulp mills are presented in Tables 7.4 and 7.5. The emission
rates upon which these calculations are based are presented in
Table 7.2. The first case assumed the effect of aerodynamic
downwash to be present, an- assumption which creates a worst
case analysis. The second case assumes that aerodynamic downwash
does not occur. - The numbering system for the control alternatives

is identical to the systems described in detail in chapter 4.
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Averaging times of 10 seconds, 1-hour, and 24-hours were selected
for the TRS calculations, representing short-.andilong-term exposures.
The 10-second average would be considered a "whiff," and applicable
to the study of odorous emissions. The one hour average gives an
indication of the level of exposure experienced through casual contact,
while the 24-hour average shows the Tlevel of exposure of a person Tiving
near the mill. Particulate matter concentrations were calculated for 24-
hour and annual averages. These levels correspond with the averaging

periods used for the National Ambient Air Nuality Standards (NAAQS).

Dispersion'CaléUTations'ASSuming Downwash
- The d1ffus1on calculations made assuming downwash (Table 7.4) show that.
TRS emissions from fac111t1es controlled to average State standards
level produce an ambient concentration of about 185 ug/m (1-hour average).
This concentration is mainly caused by emissions from three facilities:
The recovery furnace, the smelt dissolving tank, and the brown stock
washer system. Contributions dhe to emissions from the Time kiln and
black Tiquor oxidation system are negligible. Application of emission
controls under systems 2,3,4, and 5 produce a significant reduction in
concentration, and results in a TRS concentration of about 30 ng/m3 on
an hourly average basis. Since the contribution of the lime kiln is
negligible at the maximum point, no change in concentration is
perceivable.

Similar results are seen for the dispersion calculations for
particulate emissions. Emissions from the baseline control alternative
number 1 produce a maximum concentration of about 180 ug/m3 (24 -hour
average). The emissions from the Time kiln contribute only a negligible

amount to the total concentration. Application of control systems
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2, 3, 4, or 5 produce reductions in concentrations to about 31 and
30 pg/m3 (24-hour average).

Dispersion Calculations Assuming No Downwash

Under the non-downwash assumption (Table 7.5), emissions from the
Time kiln become significant while those from the recovery furnace are
considered to have a negligible contribution toward the maximum

concentration. Under control system number 1, the maximum TRS

concentration is about 18 ug/m3 (1-hr average). A large part, about 90%,

of this total is due to emissions from the black liquor oxidation tank
and the brown stock washer system. These two facilities are fully
controlled under systems 2, 3, 4, and 5, and the emissions from
the lime kiln are significantly reduced. As a result, the TRS
concentration under systems 2 and 5, where caustic scrubbing is
applied, averages about 1.0 ug/m3 (1-hour average). Under systems 3
and 4, where TRS emissions from the lime kiln are controlled by applying
good process controls, the maXimum concentration is about 1.9 ﬁg/m3
(1-hour average).

Similar results are obtained for emission of particulate
matter. The 24-hour average conéentration under the baseline
system is about 10 pg/m3, 80 percent of which is due to emissions
from the Time kiln. The smelt dissolving tank contributes the
remainder; the contribution from the recovery furnace emissions
is negligible. Under systems 2 and 3, where emissions are
controlled with a 30-inch venturi scrubber, the 24-hour average
is about 5 ug/m3. When an electrostatic precipitator is used in
systems 4 and 5, the maximum concentration is further reduced to

about 2.5 ug/m3.
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7.1.2 Secondary Impacts

Secondary 1mpaéts on air quality will arise as a result of the
electrical requirements of certain control techniques that are used
to control kraft mill emissions. Additional emissions of particulate
matter, NOx, and SO2 from the coal-fired power plant supplying the
electrical energy can be anticipated. Based on the new source
performance standards for coal-fired power plants, promulgated in
the FEDERAL REGISTER on December 23, 1971 (36 FR 24876) , the additional
emissions can be estimated at 0.1 1b of particulate matter, 0.7 1b of
NOy, and 1.2 1b of S0 per 106 Btu produced. The amount of additional
poliutant emissions therefore are small when compared with the
large reductions in mass emissions achieved by implementation of the
various alternative control systems.

An additional adverse secondary air impact that must be
considered is the emission of 502, €0, and NOy that may be
generated as a by-product of the incineration process in the
recovery furnace, lime kiln, or separate incinerator. The
incremental emissions of these pollutants due to the use of an
alternative control system to meet the proposed standards are
small.
7.2 WATER POLLUTION TMPACT

No additional Tiquid wastes will require treatment.or disposal as a

result of the implementation of any of the alternative systems.
Slurries from wet bottom electrostatic precipitators on recovery
furnaces and scrubbing water from scrubbers on smelt dissolving

tanks are recycled to the process. Scrubbing water and 1ime mud

7-15




{LL{w dInd 3pe ABP-430-UCI-000L) LOVAWI ASYINZ "9~ S[qeL

e ————

ALYINI T LYY -

uoLy uoly . I Lmaawhwms
0 0 o €0 G £g ~BABULOUT § -BdBULOUT auay 9lesuspuoy
8¢ £iz SEl Sel gel 4] oLllppe 31311 s{odjuod auoy ULLY Buil]
- <snea 3 *a3°d $55004d
0 ¢ 0 g 0 0 SloJ3UoD SUON BUGH quel 3|awg
$5300.44 .
U0 L3ep1X0 § 51043u0D 1
£°'g 6l €2l £21 1} 0 *bL7 oe g $S300U4 auoy
} 40%eJ0deAs | s]04qu0D JoRUINY
o I} | 0601 0601 0601 1083U00-uol!  ssacouy ETTLY, AdaA000y
o3 V.__.mpw,wx_._wm
[ £°62 98| 98l 08l o —RdaU o] auoy suaN D17 yoryg
uoLy SJA3yse;y
gL 9t £2 £z 0z 0 ~BJBULOU] BuoN ETTeY HI03S UMOJg
uoy} uoLy 54028404843
- e e e - WILSAS ¥3is3ora MY g3acatonI ~BASULSUL | ~RaBULDU BUON 308443 NN
uoil uoL3 wa3sAg
0 0 0 £z g L2 -BJdaulour 1 ~easudug suoy Jda3sablg
1761 e9 Oby O Ort - -dS3
48qan.os 43qqn4os .
B2 zZ°'g 6°LS 615 0 0 Lniusg ,0e? Lanjuag 51 489qn40s. | ULy suiLq
0 0 0 L2 0 i 7 43gqqn4sg 439qn4og 433siwag yuel 3yaug
. . soruny “
0 0 ] g 0 dS3 %5766 | dS3 %0766 | ds3 20766 | Ad4anpaay
{#ep {fep  {Hep/nyg g0L} (Aep (Xep/nag mo_u.ﬁamn\Lcnquxmn\ww pdeplelg UEHED! 13487 A1) Loey
st /110 Land /038 ¢ot) Le30) /nig q01) Le1o] RuSLaL Lnbay ROURBLLIOLAY | pdepuElg AdBAODTY pa3dasiy
P hmmmA Jusad tnbay 824N0S Map ajejg JLuoucay
paeplug Lany abedaay
) o | pdBpURLS 81235
mwmmmucu% ﬁﬁm>m4|wgm>ouwm JLuoued3I 03 Paousdasfay) ABtsu3 fejuswedsur enbLuyos Lo43u0)
| v .

7-18




day, number of barrels of #6 fuel o0il, and tons of bituminous-
high volatile C steam coal required per day.-

By combining the total incremental requirements, the amount
of energy attributable to each control system can be determined;

Increase in Energy

System 10® Btu/day BB1. of 0il/Day Ton Coal/Day
1 0 0 0
2 /518.9 ' 81.9 22.5-
3 518.9 81.9 22.5
4 907.0 143.0 39.4
5 9451 149.1 41,1

Compared to the baseline system number 1, the incremental
values are greatest for systems 4 and 5. This is directly attributable

to the added fuel requirement of a separate incinerator that is

needed when an ESP is used to control particulate emissions from

the lime kiln, There is no increase between systems 2 and 3

since it is assumed that there is no energy requirement attributable
to the addition of caustic to the scrubber water. The impact of
these energy requirements on the operating costs ($ per ton) for

each alternative control system is discussed in Chapter 8.

The total energy required by an average 1000-ton-per-day
mill is about 505 x 10® Bty per hour for process fossil fuel and
electrical requirements including particulate control to the
process recovery level. This does not include the energy produced
by the combustion of the black liquor in the recovery furnace.
Compared to this baseline the percent of this total that would be
required by the alternative control systems to meet the proposed

standards ranges from 4.3 percent for systems 2 and 3 to /-9 percent
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for system 5. The estimated energy that would be required to control
all new, modified, and replaced affected facilities at kraft pulp
mills constructed during the five-year period through 1980 to

comply with the proposed standards is about 1,440,000 barrels of

Number 6 fuel oil per year in 1980 (about 9.2 x 1012 Btu per year).
7.6 OTHER ENVIRONMENTAL CONCERNS

7.6.1 Irreversible and Irretrievable Commitment of Resources

The étan&ardé of performance will require the instaliation
of additional equipment over that now required by State standards.
This will require the additional use of steel and other resources.
This commitment of resources is small compared to the national
usage of each resource. Much of these resources will ultimately
be salvaged and recycled. There are not expected to be significant
amounts of land resources required to install control equipment
because most control systems are located on buildings and if not,
require a relatively small amount of space; Therefore, the
commitmeﬁt of Tand resources for \-sit'ing additional control devices
is expected to be minor.

The use of sodium hydroxide for the 1ime kiln scrubber to
remove TRS will slightly increase the usage of this commodity
which reportedly is now in tight supply. The amount of caustic used
By the industry as required by the proposed standard is small compared
to the total amount normally used at kraft mi1lls and is minor when
compared to the amount of caustic used on a national level. The caustic
is recycled within the mill complex; therefore, only a small amount

of make-up caustic needs to be added as a result of the standard.
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The proposed standards will require the increased usage of
energy which is a scarce resource to operate emission control
devices. This energy will not be retrievable but will result in
the control of significant quantities of TRS and particulate matter.
Compared to the total amount of energy consumed in the United States,
the amount of energy needed to operate these .control devices is small.
7.6.2 Environmental Impact of Delayed Standards

Delay of the proposed standards for kraft pulp mills will
have major negative environmental effects on emissions of TRS
and particulate matter to the atmosphere and minor positive
impacts on water, land, and energy. There are no new technologies
presently being developed for control of emissions from kraft pulp
mills which would significantly reduce emissions compared to
the levels of best demonstrated technology, considering costs,
that are currently available. Therefore, there is no reason
why the standard should be delayed because of new technology
for tHe facilities affected by the proposed standards.

One potential source of TRS emissions that has not been regulated
because control technology and emission measurement methodology
have not been identified is the water treatment ponds at kraft
mills. The Agency is further investigating this potential source
and will take action if the investigation shows that it is a
signifiéant source of TRS emissions and there is available technelogy
to control it. This study is 1ikely to take two years. If the

standard is delayed until this potential source is investigated, it



will result in the emission of 6.8 million pounds of TRS, 14.2 million
pounds of particulate matter in the two-year period, that would have been
controlled by the proposed standards. In addition, this source
could be amended to the kraft mill regulation at a later date
if it is determined to be necessary. Therefore, there appears
to be no valid reasons to delay the kraft mi1l standard.
7.6.3 Environmental Impact of No Standard
Based on the growth projections presented in Chapter 8,
the adverse environmental impact of no standard is summarized in
Table 7.7. Since there are Tittle adverse water pollution and
solid waste impacts, and only moderéte enerqgy consumption impacts
associated with each of the alternative emission control systems
which could serve .as a basis for the standards, not setting
standards presents Tittle trade off of potentially adverse impacts

in these areas against the resulting advérse impact on air quality.
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8. ECONOMIC IMPACT

Chapter 8 contains 4 sections. The industry is characterized
in section one. Several industry aspects are discussed there.

These include geographic distribution, integration and concentration,
international influence, demand determinants, supply determinants,
and projected industry growth.

In the second section, control costs and cost effectiveness for
alternative TRS and particulate control systems are developed and
described. Included are costs for 7 of the designated facilities,

4 mill sizes, and 2 recovery furnace configurations. Both new and
existing mill situations are examined..

Section three briefly describes other cost considerations and
their impact on the economic analysis of TRS and particulate control.

In the final section of Chapter 8, the economic impact of alterna-
tive TRS and particulate controls is analyzed. Included is an
assessment of absolute and relative control cost magnitudes, price
demand elasticity, and simulated return on investment impacts.

Analyses are conducted for new, modified, and reconstructed sources.
The major finding of Chapter 8 is the economic impact of each
considered alternative is small. In other words, New Source Performance
+ Standards (NSPS) should not preclude construction of new, modified, and
reconstructed designated facilities. Small control costs, inelastic

price demand elasticity, and small simulated return on investment

impacts support the major finding of Chapter 8.
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8.1 INDUSTRY CHARACTERIZATION
8.1.1 Geographic Distribution

As of December 1975, there were 56 firms operating about 120
kraft pulping mills in 28 states. Most U.S. kraft pulping mills
and mill capacity is found in the South. Alabama, Georgia, and
Louisiana are the leaders. Alabama has 13 mills and 10 percent
of U.S. mill capacity. Georgia has 11 mills and 13 percent of U.S.
mill capacity. And Louisiana has 11 mills and 11 percent of U.S.
capacity. Over the past 20 years, growth in the kraft pulping
industry has occurred mainly in the South.] However, recent 1974,
current 1975, and planned(1976 and later) modifications to existing
mills as well as plans for new mills are found in all sections of
the countr'y.2

8.1.2 Integfation and Concentration

Only about 1/3 of the 56 firms are producers of pulp, paper,
and/or paperboard exclusively. The others are engaged in a wide
variety of activities. The activities include chemical manufacture,
detergent production, magazine publishing, land deveiopment, and can
production. The degree of dependency on kraft pulping and related
activities varies among these horizontally integrated firms. Whereas
International Paper Company derived 55.6 percent of their 1974
sales from pulp, paper, and paperboard production; Ethyl Corporation
derived 11 percent of 1974 sales from pulp and paper operations.

Besides being horizontally integrated, the U.S. kraft pulping
industry is highly concentrated. The § largest firms in terms of mill
capacity account for 40 percent of U.S. kraft pulp capacity. The
10 largest account for 56 percent of U.S. kraft pu]prcapacity.
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Vertical integration is another characteristic of the U.S. kraft
pulping industry. Only 41 U.S. kraft pulping mills are listed in the
directory of world market pulp producers. The most prevalent kraft
grade listed is bleached hardwood followed closely by bleached soft-
wood. Moreover, appearance in the directory does not mean the mills’
pulp cannot be used captively. When available, pulp for market is
produced at the designated mills. Really, nearly all kraft pulp
(about 90 percent) produced in the U.S. is not marketed; but is used
captive]y.3 In fact, 109 kraft puiping mills also have facilities at
the same location for producing paper and paperboard. However, these
mills cannot always satisfy the kraft pulping requirements of the
paper and paperboard facilities. Often times, intracompany transfers
from other U.S. and Canadian mills are required to fill the kraft
pulping voids.

8.1.3  International Influence

The U.S. kraft pulping industry is not devoid of foreign influence.
Pulp, paper, and paperboard production in other countries, especially
Canada, has a pronounced influence on U.S. kraft pulping firms and
trade balances. Although the U.S. is the world's largest producer of
kraft pulp and the fourth Teading exporter (behind Canada, Sweden,
and Finland), the U.S. has been a net importer of kraft pulp. Over
90 percent of the kraft pulp imported to the U.5. comes from Canada.
This is not surprising in view of the earlier statement about intra-
company transfers and the fact that a third of the U.S. kraft pulp
producers have kraft pulping facilities in Canada.

The aforementioned industry characperizgtion statementgnwere

derived primarily from Appendix E and Tables 8-1 and 8-2. Appendix E displays
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Table 8-1.

Firm
Allied Paper, Inc.
(sub. of SCM)
Alton Box Board Co.
American Can Co.

Appleton Papers, Inc.
(Div. of NCR) :

Boise Cascade Corp.
Bowater, Inc.

Brown Co.

Champion International
Chesapeake Corp. of Va.

Consolidated Papers, Inc.

Container Corp. of Amer.
(sub. of Marcor)

Continental Can Co.
Crown Zellerbach
Diamond Int'1 Corp.

Federal Paper Board
Co., Inc.

Fibreboard Corp.
Georgia-Pacific Corp.
GiTman Paper Co.

P. H. Glatfelter Co.

Great Northern Nekoosa
Corp.

Green Bay Packaging, Inc.

Gulf States Paper Corp.
Hammermill Paper Co.
Hoerner Waldorf Corp.
Hudson Paper Co.

ITT Rayonier, Inc.
Inland Container Corp.

SUMMARY INDUSTRY STATISTICS:

FIRMS-MILL NUMBER AND CAPACITY

DISTRIBUTION
Capacity % of U.S.
# U.S. Mills % U.S. Total U.S. Mills Total

1 1 490 <1

1 1 650 <1

2 2 1,240 1

1 1 180 negligible
5 4 3,790 4

2 2 1,500 1

1 1 700 <1

3 3 2,680 3

1 1 1,150 1

1 1 395 negligible
2 2 2,250 2

4 3 3,700 4
5.5 5 4,216 4

1 1 425 negligible
1 1 1,200 1

] ] 450 negligible
4 3 5,520 5

1 1 1,100 1

1 1 500 negligible
3 3 2,510 2

1 1 650 <]

2 2 875 <]

2 2 856 <]

2 2 2,150 2

1 1 950 <1

1 1 1,250 1

1.5 1 1,213 1
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Table 8-1 (Continued). SUMMARY INDUSTRY STATISTICS: FIRMS-MILL NUMBER AND
CAPACITY DISTRIBUTION

Capacity % of U.S.

Firm # U.S. Mills % U.S. Total U.S. Mills Total
International Paper Co. 14 12 15,985 14
Interstate Container Corp. 1 1 550 <]
Kimberly-Clark Corp. 1 1 585 <1
Lincoln Pulp & Paper Co. 1 1 320 <]

(Div. of Premoid)

Longview Fibre Co. 1 1 1,900 1
Louisiana Pacific Corp. 1 1 700 <]
MacMillan Bloedel Ltd. 1 1 925 <]
Mead Corp. ) 3 3,128 4
Mosinee Paper Corp. 1 1 175 <]
01in Kraft, Inc. 1 1 1,150 1
Owens-111inois, Inc. 2 2 1,775 2
O)EB?\';d E?‘.E\;;ﬂ Corp.) 1 1 585 l
Packaging Corp. of 1 1 775 <1

Amer. (A Tenneco Co.)

Penntech Papers, Inc. 1 1 180 negligible
Pineville Kraft Corp. 1 1 880 <]
Potlatch Corp. 2 2 1,350 1
Procter & Gamble Co. ] 1 900 <1
St. Joe Paper Co. 1 1 1,300 1
St. Regis Paper Co. 4 3 5,381 5
Scott Paper Co. 3.5 3 2,700 3
Simpson Lee Paper Co. 1.5 1 760 <]
Southland Paper Mills, Inc. 2 2 900 <1
Southwest Forest Industries 1 1 600 <]
South Carolina Industries 1 1 675 <1
(79% owned by Stone Con-

tainer Corp.)

Temple-Eastex, Inc. 1 1 1,300 1
(sub. of Time, Inc.)

Union Camp Corp. 3 3 4,980 5
Western Kraft 3 3 1,370 1
Westvaco Corp. 4 3 4,254 5
Weyerhauser Co. s 6 6,195 6

Totals 56 119 105,567
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Table 8-2.. SUMMARY INDUSTRY STATISTICS: STATES-MILL NUMBER AND CAPACITY

DISTRIBUTION
Number of % of U.S. State Mill % of U.S.
State Mills Total Capacity Total
Alabama 13 11 10,280 10
Arizona 1 1 600 1
Arkansas 6 5 5,430 5
California 4 3 1,910 2
Florida 8 7 9,260 9
Georgia 11 9 13,505 13
Idaho 1 1 950 1
Kentucky 2 2 920 1
Louisiana 1 9 11,655 11
Maine 6 5 3,950 4
Maryland 1 1 665 1
Michigan 2 2 825 1
Minnesota 2 2 865 1
Mississippi 4 3 4,707 4
Montana 1 1 1,200 1
New Hampshire 1 1 700 1
New York 1 1 590 1
North Carolina 5 4 5,650 5
Ohio 1 1 540 1
Oklahoma 1 1 1,600 2
Oregon 7 6 5,906 6
Pennsylvania 3 3 860 1
South Carolina 4 3 5,494 5
Tennessee 2 2 1,275 1
Texas 6 5 4,570 4
Virginia 4 3 4,550 4
Washington 7 6 5,854 6
Wisconsin 4 3 1,256 1
Totals 28 119 ' 105,567
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kraft mill characteristics. Table 8-1 exhibits mil1 number and
capacity distribution by firm. Table 8-2 exhibits mi1l number and
capacity distribution by state.
8.1.4 Demand Determinants

Following traditional microeconomic theory, tastes, other
demands, income, and prices are the determinants of kraft pulp demand.

8.1.4.1 Tastes

Tastes are an important; albeit for forecast purposes, an elusive
demand determinant. The main taste factor influencing the demand for
kraft pulp is strength. The strength of kraft pulp is superior to that
of other pulps (ex. other wood and nonwood pulps). Data are available
which is consistent with, but by no means proves the role of superior
strength in kraft pulp demand determination. Figure 8.1 reveals that
kraft pulp consumption is increasing relative to that of other wood pulps.

Taste can also influence the particular grade of kraft which is
desired. Kraft pulp comes in unbleached, semi-bleached, bleached,
alpha, and dissolving grades. We don't know the exact role of tastes
in selecting a particular grade. However, bleached and unbleached kraft
pulps, as revealed in Figure 8.2, are the dominant grades. They account
for over 90 percent of total kraft pulp consumption.

8.1.4.2 Other Demands

Other demands include those expressed desires and abilities
to purchase kraft pulp complements (ex. bleached kraft pulp and

paper) and substitutes (ex. bagasse and plastic).
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Kraft pulp is an intermediate good; not a final consumption
product, but one used in the production of other goods. Kraft
pulp is used in the production of paper and paperboard. These are
kraft pulp complements. An increase in the demand for paper and
paperboard, ceteris paribus (other things remaining the same),
implies an increase in the demand for kraft pulp. Figures 8.3 and
Table 8-3 support the above remarks. Figure 8.3 depicts graphically
the movements of kraft pulp consumption, wood pulp consumption, and
paper and paperboard production with alternative observed levels of
real income. Historical production figures for various pulp, paper,
and paperboard grades are given in Table 8-3.

The demands for kraft pulp substitutes also affect the demand
for kraft pulp. With changes in tastes and/or prices of substitute
goods come changes in demand for the kraft pulp substitutes and
subsequently changes in the demand for kraft pulp. With significantly
higher prices for plastic containers, ceteris paribus, bonsumers
would tend to substitute paperboard containers for plastic ones,
which in turn would increase the demand for kraft pulp. Although
true in a theoretical context, no empirical data are available to
substantiate the aforementioned remarks.

8.1.4.3"}nc0me

Income along with prices affects purchasing power. Through
the purchasing power influence, income is a demand determinant
for kraft pulp. The exact manner in which income plays its demand
determining role is not known. When the Tevel of income in the

aggregate increases, it may mean more people have the same amount
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of income; some people have more income; or more people have more
income. |

Real personal disposable income is positively correlated with
kraft pulp consumption, wood pulp consumption, and paper and paper-
board consumption. However, the slope of the implicit functional
relationship is not as great for kraft pulp. This observation is
displayed in Figure 8.3. The smaller implied response of kraft pulp
consumption to disposable income changes (e.g. smaller slope) could
mean the prices of kraft pulp and other goods have a more active role
in kraft pulp demand determinations.
8.1.4.4 Prices _

The role of prices as demand determinants can be described in
terms of elasticity. Price elasticity of demand is a measure of the
responsiveness of quantity demanded to price changes, ceteris paribus.
It can be expressed as the percentage change in quantity demanded
divided by percentage change in price. The direct price elasticity
is probably less than 1.0 for kraft pulp. The Timited uses of kraft
pulp; the availability of only a few close substitutes; and the small
portion of final demand product or service value accounted for by the
price of kraft pulp support the belief of relatively inelastic demand.
In addition, one expert has indicated the coefficient of direct price
elasticity is about 0.5 for domestic wood pu]p.4 Small increases in
the price of kraft pulp, everything else remaining the same will not
decrease the total revenue from kraft pulp sales. Though no quantitative
indirect (cross price) elasticity estimates are available, the prices

of kraft pulp substitutes (recycled paper, non-wood pulps, and often



times other wood pulps) and complements (bleaching chemicals, paper,
paperboard), do not appear to measurably affect the quantity of kraft
pulp demanded.

8.1.5 Supply Determinants

The determinants of kraft pulp supply are the production, expen-
diture, and revenue functions of kraft pulp suppliers.
8.1.5.1 Production

The kraft pulping production function has several advantages.
The process can be used with resinouswoods, hardwoods, softwoods,
and bark free mill residue. Hence, the wood inputs are readily
availabTe. For a chemical pulping process, kraft has a high yield
per ton of pulp wood input. In addition, the process yields the side
products of tall oil and turpentine from resinous woods inputs. However,
kraft pulp is more difficult to bleach than other pulps (i.e., sulfite).
Also, the air pollution problems are more serious.
8.1.5.2 Expenditures

Wood, chemicals, labor, energy, and capital are expenditures of
kraft pulping.

°Wood - Besides increased demands for all pulp producers, pulpwood
faces increased demands from the recreation area, building construction,
and home furniture sectors. With the higher pulpwood prices, kraft
pulp producers have been encouraged to use more bark free mill residue

as well as tree tops and 1imbs.




° Chemicals - Sodium carbonate, sodium sulfate, sodium sulfide,
sodium hydroxide, and calcium oxide are chemicals used in the kraft
pulping process. With improved sulfur recovery techniques for pollution
control, consumption of sodium sulfate has been declining. The other
chemicals are generally currently in short supply. But, new chemical
plants coming on stream in the next two years should relieve much of
the supply problem.

° Labor - Labor expenses have moved with improved productivity in
the pulp, paper, and board industry. Productivity and wage data is
not available for kraft pulping alone.

° Energy - Higher fuels and electricity cost have induced energy
conservation and trends toward self sufficiency. Expenditures in
energy conservation and self sufficiency projects and subsequent
energy savings have recently been evidenced.5

° capital - Capital spending for the pulp and paper industry
has increased rapidly over the last decade. To finance these expen-
ditures, debt financing has been used extensively. For the pulp, paper,
and board industry long term debt as a percent of the total capital
structure has increased from about 21 percent to 32 per‘cent.6 Non-
capacity increasing capital expenditures have increased in recent
years. These include control of certain air and water effluents
along with investments in non-paper industries. Interest rates are
currently high and projected to remain so. Profits have historically
been quite volatile. With debt financing already extensively utilized,
capacity growth displaced by other capital expenditures, interest rates

high, profits historically volatile; less costly means of finance, less
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capital spending, and less capital demanding ways to expand capacity
will be induced.

8.1.5.3 Revenue Function

The revenues of kraft pulp producers have been historically unstable.
When the industry expanded, it expanded markedly. With supply increases,
prices declined and with inelastic demand so did profits. In fhe
ensuing years, non-price related demand increases (i.e., income
increase) occurred leading to higher prices, higher profits, and the
inducement for another round of supply expansion. Recently though,
prices of pulp have remained high and even increased. (See Table 8-4.)
Large additional supply increases are not yet in the construction
stages. Perhaps rising factor costs have erased or reduced what would
have been extremely high profits at these higher prices. And/or
maybe the displacement of capacity expanding investment by other
capital expenditures can explain the apparent change in the historically
unstable revenue function.

8.1.6 Projected Industry Growth

8.1.6.1 Net Capacity Additions

According'to the American Paper Institute (API)}, the U.S. kraft
pulping capacity grew at about 5.5%/yr. from 1956 to 1975. The same
source indicates growth will decrease to 2.5%/yr. in the 1976 to 1978
period. However, large capacity additions are currently under
consideration for 1979 and 1980. If constructed, the industry will

return to a higher growth rate (about 3.4%/yr.).
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Table 8-4. PRICES OF KRAFT PULP
(U.S. Delivered; Dollars per Ton of Air Dried Pulp)

Kraft Pulp Forms
Year and Quarter [(Unbleached | Semibleached | Bleached Softwood Bleached Hardwood
1972 ond | 130-145 163-164 169-172 146-155
1972 4th 130-145 163-164 169-172 146-155
1973 Ist 145-147 158-165* 157-169 155
1973 2nd N.A. 158-165%* 175-185* - 157-170*
1973 3rd 167-170 172-180 175-202 157-168-193
1973 4th 193 200 203-210 189-193
1974 Ist N.A. 200 203 193
1974 2nd N.A. N.A. 265 255
1974 3rd 315-318* 315-318 325 320
1974 4th 345-360* | - 337-362 340-372 320-335
1975 1st 345-360%* 337-362 340-369 320-335
1975 2nd 345-360%* 337-362 340-372 320-335
1975 3rd 345-360* 337-362 340-372 320-335
1975 4th 345-360* 337-362 340-372 320-335

*UJ.S5. and Canadian Prices.

Data Source: Paper Trade Journal, Vance Publishing Co., N.Y.C. and Official
Board Markets, Magazine for Industry, Inc¢., Chicago.




The distribution of projected capacity growth between new and
existing plants is unknown. But, the equivalent of thirty-three
500 tpd miTls will be needed to meet projected growth and
capacity considerations through 1980.

8.1.6.2 Designated Facility Replacement Rate

In addition, industry will have to replace worn-out designated
facilities to maintain the existing capital stock. However, whether
or not these designated facilities will be rep]aced in kind or with
larger facilities (to meet growth requirements) is not known. Moreover,
because of variations in capacity utilization and maintenance, the
timing of designated facility replacement is also an unknown.

But, given three assumptions, replacement rates can be projected.
First, the egfimated average designated facility lives are 25 years for
recovery furnaces and smelt dissolving tanks, 22 for digesters and multiple
effect evaporators, 35 for 1ime kilns, 15 for brown stock washers, and 10
years for black Tiquor oxidation units. Second, the designated facility
age is distributed evenly. For example, 1/25 of the recovery furnaces
are 25 years old; 1/25 are 24 years old, etc. And third, each of the 119
mills has one set of each designated facility. Then, projected annual
replacements would be five sets of digesters, multiple effect evaporators,
recovery furnaces, and smelt dissolving tanks. (e.g. 1/25 x 119 = &3
1/22 x 119 = 5). In addition, there would be 4 sets of lime kilns, 8 brown
stock washer systems, and about 11 black liquor oxidation systems

replaced annually.




8.2 CONTROL COSTS AND COST EFFECTIVENESS
8.2.1 New Sources
8.2.1.1 Introduction

The purpose of this section is to develop estimates of capital
and annualized costs for alternative control systems exemplary of best
controls taking ihto account cost. The cost to achieve various Tevels
of control will be presented for each of the affected facilities for
three sizes of kraft mills: 500, 1000, and 1500 tons per day of air
dried pulp. Following the presentation of control costs for the individual
affected facilities is a section showing the aggregate incremental con-
trol costs over requirements for typical state standards. Aggregate in-
cremental control costs will be presented for the four alternative
control systems discussed in Chapter 4 for the three sizes of kraft mill
models. The cost effectiveness of the alternative control systems will
then be discussed.

_Throughout this section the terms capital cost and annualized cost
are used; therefore, a brief definition is in order. The capital cost
'Jinc]udes all the cost items necessary to design, purchase and install the
particular device or system. The capital cost includes the purchased
cost of the major control device (ESP or scrubber) and auxiliaries such
as pumps, fans, and instrumentation; the equipment installation cost in-
cluding foundations, piping, electrical wiring, and erection; and the
cost of engineering, construction overhead, and contingencies. In
general offsite costs such as utility facilities are not included. Ex-
ceptions or other special factors are pointed out in the discussion of
each affected facility. The sources of cost data are given for each control
device or system. A1l costs are in terms of (4th quarter) 1975 dollars.
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The annualized cost of a control system is a measure of what it
costs the company to own and operate that system. The annualized cost
includes direct operating costs such as labor, utilities, and maintenance;
and capital related charges such as depreciation, interest, administrative
overhead, property taxes, and insurance. The actual costs experienced
by different mills can vary considerably. The following values were chosen
as typical and should provide a reasonable estimate of the annualized cost
of the control systems.

Operating labor is charged at a rate of $8 per hour. Utility rates
are:

Electricity - 2¢ per Kwh

Fuel - $1.50 per million BTU

Cooling water - $0.05 per thousand gallons

Process water - $0.25 per thousand gallons
Unless otherwise known from specific operating experience annual main-
tenance labor and materials are estimated as a percentage of the capital
cost. The percentage used is in the range of 2 to 5 percent depending on
the severity of the service.

The method used to account for depreciation and interest is through
the use of a capital recovery factor. The capital cost of the project
is multiplied by the capital recovery factor to give the amount of equal
annual payments that would pay for the project plus interest oVer the
life of the equipment. The numerical value of the capital recovery fac-
tor depends on the Tife of the equipment and the interest rate. Unless

otherwise noted, the numerical value of the capital recovery factor used
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in this section is based on 15 year 1ife and 10 percent interest. Other
capital related charges are administrative overhead at 2 percent of
capital and property tax and insurance at 2 percent of capital. The
final item considered is any credit due to value of recovered material.
Any credit for recovered material is an offset against the annualized
cost of the control device. The basis for valuation of credits is given
in the discussion of the applicable affected facility.

8.2.1.2 Unit Cost for the Affected Facilities

The proposed standards of performance cover particulate and total
reduced sulfur (TRS) emissions. The cost for controlling the affected
facilities which emit particulates are discussed first followed by a dis-
cussion of the affected facilities which emit TRS. Three of the affected
facilities which emit both particulates and TRS are discussed in each
section.

A. Unit Costs for Particulate Sources

a) Direct Contact Recovery Furnace - The direct contact recovery

furnace system employs a direct contact evaporator using the hot
flue gas from the furnace to evaporate water from the black liquor
feed to the furnace. The direct contact evaporator removes some
of the particulates from the flue gas. Thus the control device
following the direct contact evaporator can be smaller and less
expensive than the control device on an indirect contact furnace.

Capital costs, annualized costs, and credits for recovered
particulate are shown in Table 8-5 for electrostatic precipitators
(ESP) for two different ]eve]s‘of control and for a venturi

scrubber. The costs for the first ESP case are based on a study
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done for EPA by the Industrial Gas Cleaning Institute (IGCI).7

The cost for the second ESP case is an EPA estimate based on the

IGCI study, and the venturi costs are based on the Sirrine report.8
The credits for recovered particulate are calculated assuming that
all the particulate is salt cake valued at $50 per ton. Although
some of the particulate is Na2C03, it is close in price to salt cake;
thus, the assumption that the particulate is all salt cake should
not result in a significant difference.

For each of the control devices in Table 8-5, the credits exceed
the costs. Since the particulate is a valuable material (mainly
salt cake), it is economical to recover the particulate emissions
up to some recovery level. Beyond that level the value of the ad-
ditional particulate recovered is not enough to justify the additional
investment; that is, the incremental return on the incremental in-
vestment drops below the acceptable level for the individual com-
pany. The optimal economic recovery level is very difficult to
define, even in this analysis with the two basic design differences
in the recovery furnaces.

Furthermore, this analysis focuses on the incremental costs
between two levels of control, and thus the optimal recovery level
is no longer relevant. What is important is the incremental (net)
cost between the high efficiency precipitator and the baseline
medium efficiency precipitator required for typical state standards.
The incremental control costs for the high efficiency precipiator
are presented in Table 8-6. The annualized cost per ton of product

is based on production at 90 percent of capacity.
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b) Indirect Contact Recovery Furnace - In contrast to the

previously discussed recovery furnace, the indirect contact recovery
furnace does not have a direct contact evaporator. This results
in higher inlet concentrations to the control device. In addition
the physical properties of the particulate are somewhat different
from the direct contact furnace case. These factors cause the ESP
to be larger and more expensive in order to achieve the same exit
particulate concentration. Because of the higher particulate inlet
concentrations, the credits for recovered particulate appear to be
greater for the indirect contact furnace. The fact is that the combi-
nation of the direct contact evaporator plus the precipitator collect
as much salt cake for the direct contact furnace as the comparable
precipitator does for the indirect contact recovery furnace.

The same references were used as the sources of the control
costs for this furnace design as for the direct contact recovery
furnace. Table 8-7 shows the capital, annualized costs, and
credits for two levels of precipitation and one level of venturi
scrubber. Table 8-8 shows the incremental costs for the high efficiency
precipitator over the medium efficiency precipitator, the Tlatter
being the baseline for state regulatory requirements.

¢) Smelt Dissolving Tank - Two control alternatives are pre-

sented for the smelt dissolving tank. The first is a mesh pad de-

mister. The demister is a very simple and inexpensive device which
has been used extensively in the industry. The second alternative

is a packed bed scrubber which gives a higher control efficiency

than the demister. The costs shown on Table 8-9 for the demister
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are based on the Sirrine repor't.9 The cost for the demister includes
the mesh pads and a water spray system. Since the pressure drop is
Tow (Tess than 0.2 inches of water), no fan has been included in
the cost estimate. The credit for recovered particulate is based
on 80 percent recovery of the uncontrolled emissions. The value of
the recovered particulate is calculated on the basis of recovered
sodium where the sodium would be made up using salt cake at $50
per ton.

The scrubber system js a packed tower with associated fan,
liquid recirculation pump, and controls. Cost data for this type of
control system were collected from several operating companies in

1o The costs for

addition to the information in the Sirrine report.
the scrubber system are shown in Table 8-9. Credits for recovered
particulate are calculated in the same manner as for the demister
case except that the recovery efficiency is 96 percent.

The incremental control costs for best controls (the 96 percent
efficiency scrubber) over typical state regulatory requirements
(achievable by the demister) are shown in Table 8-10. These costs
are the residuals after deducting for credits.

d) Lime Kiln - Costs for the two basic types of collection
devices are examined for control of particulate emissions from the
rotary lime kiln, namely venturi scrubbers and electrostatic
precipitators. The analysis for these controls is somewhat compli-
cated by the interrelationship of controlling TRS emissions (dis-

cussed 1h the next section).around the lime kiln facility. For

example, the use of a precipitator would dictate (for safety reasons)
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the application of a separate incinerator for handling TRS noncon-
densibles from digester and multiple-effect evaporator relief
vents. When scrubbers are used to control Time kiln emissions,
normally the Time kiln can be the incineration point for these TRS
noncondensibles.

Three different control alternatives are examined: (1) a 15-inch
pressure drop scrubber, (2) a 30-inch pressure drop scrubber, and
(3) a high efficiency electrostatic precipitator equivalent to the
30-inch pressure drop scrubber. The costs for installation and opera-
tion of the particulate control devices are based on a study by the

N In addition, the costs of a

Industrial Gas Cleaning Institute.
separate incinerator and fuel for destruction of the aforementioned
TRS emissions are included in the precipitator costs. The costs
for thermal destruction in this manner have been developed from

12 Credits for recovered

information provided by Rust Engineering.
particulates have been valued on the basis of makeup ground lime-
stone (CaC03) at $20 per ton. The costs of these scrubbers and
the precipitator (with separate incineration) are shown in Table 8-1].

The incremental costs for alternative controls over state
requirements (assuming the 15-inch scrubber as an acceptable control
device) are shown in Table 8-12. Here, the controls have been identi-
fied with alternatives 2, 3, 4, or 5, which are discussed in
Section 4.3. The costs in Table 8-12 represent only those costs
associated with particulate removal. Alternative 5 will also include
a scrubber, which follows the precipitator, for introducing the
caustic into the gas stream for TRS absorption service. See
Section 8.2.1.2B(g).
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B. Unit Costs for Total Reduced Sulfur Sources

a) _Digesters and Multiple-Effect Evaporators - The vent gas

streams from the digesters and the multiple-effect evaporators are
similar; that is, small gas volumes but high TRS concentrations.
Since it is common practice in the industry to combine and treat
the emissions from both affected facilities together, the control
costs are presented for a combined treatment system. The two
types of control techniques discussed are scrubbing with white
Tiquor and incineration in the 1ime kiln. One additional variable
has an effect on the cost of the control systems. That variable
is the type of digester--batch or continuous.

The scrubbing alternative has Timited effectiveness because
the scrubbing Tiquor will only absorb some of the TRS compounds,
The scrubber system consists of a gas collection and delivery
system, a scrubbing tower, and Tiquid piping. The system is de-
signed to handle the maximum gas flow from the digester system.
During periods of Tow flow, make-up air is used to maintain a
constant gas flow rate to the scrubber. One consequence of this
design feature is that the cost of this scrubber system is the
same for the three model mills. The Sirrine report is the main
source of cost data for this s,ystem.]3 The costs are presented in
Table 8-13.

The second alternative is incineration of the emissions in the
Time kiln, another furnace, or boiler. The system consists of the
necessary piping and blowers to collect the gas streams, and
delivery piping and controls to inject the gases into the incinera-

tion point, the Time kiln. A separate incinerator could be used
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as an alternative incineration point, particularly where explosion
hazards are a concern, such as the case where an electrostatic
precipitator may be used. See Section 8.2.1.2A(d) on the lime kiln.
The system for batch digesters requires a vapor sphere to
act as a gas accumulator during the digester blows. The vapor
sphere smoothes out the surges and allows a constant gas flow to be
delivered to the Time kiln. Sources of cost data for this system
include a design engineering company, operating companies, and
the Sirrine r'epor't.]4 The costs for this alternative for batch and
continuous digesters are shown in Table 8-13. As noted in the
table, no incremental costs over state standards are assumed to occur
for this affected facility.

b) Brown Stock Washers - The gas stream from the brown stock

washers is a relatively large stream with a Tow concentration of TRS.
The only control alternative judged feasible for this affected facili-
ty is incineration in the recovery furnace or another boiler within
the mi11. Since actual experience with this control alternative

is limited, the degree of confidence in the control costs is not

as good as the other cases.

The cost estimate includes the washer hoods, ducts, damper
controls and an allowance for corrosion resistant features in the
recovery furnace combustion air fan. The EPA cost estimate is
based on the experience at the American Can Company mill at

15

Halsey, Oregon. Estimates from the National Council of

the Paper Industry for Air and Stream Improvement, Inc. agree closely

16

with the cost estimates presented in Table 8-14, In building a
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new mill two design considerations could offer the opportunity
of Towering the cost for this control alternative. One possibility
is to provide more completely enclosed hoods on the washers so
that less air is drawn into the exhaust vent. This would reduce
the volume of gas to be handled. The second possibility is to lo-
cate the washers close to the recovery furnace, thus minimizing
the length of the duct.

Presently, very few states require incineration or equivalent
methods of control. Hence, the control costs presented in Table 8-14

are also incremental costs over what the typical states may require.

¢) Direct Contact Recovery Furnaces - The methods used to
reduce TRS emissions from direct contact recovery furnaces are by
close monitoring and control of the process variables and by oxidiz-
ing the black liquor to reduce the sulfides content that can cause
TRS emissions when the black liquor contacts the furnace flue gas
in the direct contact evaporator. No costs are assessed on
maintaining closer control of the procesé variables on:the recovery
furnace. Black liquor oxidation can be accomplished by using either
air or'pure oxygen as the oxidizing agent. When air is used the
oxygen deficient air stream carries with it a small amount of TRS
compounds as it leaves the oxidation tanks. When pure oxygen is
used no gases are vented from the process.

The black Tiquor oxidation costs shown in Table 8-15 are
based on data from a company that designs these systems.]7 The
costs are based on weak liquor oxidation with a strong Tiquor

touch-up system, or two-stages of oxidation. An alternate method
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is single stage weak liquor oxidation which has Tower costs and
can be used to satisfy state regulations for recovery furnace
emissions. The costs in Table 8-15 compare closely with cost
data gathered from operating companies and from the Sirrine r‘epor‘t.'|8
An analysis was performed to estimate the costs for a black
Tiquor oxidation system using pure oxygen., Siﬁce this method is
only practiced in a couple of mills where Tow cost oxygen is
available, it is not possible to make a precise cost estimate. The
delivered cost of the oxygen is the variable that has the most signi-
ficant effect on the cost of this alternative. For this analysis
an oxygen cost of $20.00 per ton was assumed. This is the updated
cost for a 500 ton per day oxygen plant based on an earlier report.19
Obviously, only in special cases could a kraft pulp mi1l get oxygen
at a delivered cost at $20.00 per ton or less. Examples of these
special cases would Be if the mi11 had its own oxygen plant to
supply its oxygen bleaching plant or if the mill was located near
a source of oxygen. Since no specific data is available on the
capital cost for oxygen black Tiquor oxidation, the capital cost was
estimated to be 50 percent of the capital cost for the air oxidation
case. The costs for oxygen black liquor oxidation are shown in
Table 8-15.
Table 8-16 shows the incremental costs for two-stage ajr
oxidation systems versus the single stage air oxidation system
suitable for compliance in most states.

d) Indirect Contact Recovery Furnaces - The control technique

for reducing TRS emissions is the basic design of the indirect

contact furnace system. The major recovery furnace manufacturers
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have several different furnace designs which can be classified as
indirect contact furnaces. In general this means that the furnace
system does not have a direct contact evaporator. Several methods
are used to accomplish the function preViousTy performed by the
direct contact evaporator such as increasing the economizer section
to recover more heat from the flue gas, adding a steam heated concen-
trator to evaporate water from the black liquor, or using combustion
air heated by the furnace flue gas to evaporate water from the
black liquor in an air contact evaporator.

The following procedure was used to estimate the incremental
cost for indirect contact recovery furnaces over the requirements
of typical state standards. The incremental costs were determined
by taking the average cost differenceJreported by the two major
furnace manufacturers, between the indirect contact furnace and a
direct cqntact furnacg which has a direct contact evaporator and
single-stage air oxidation of black liquor feed, and adding the
cost of the concentrator reported by an engineering design company.20

The annualized cost is made up of maintenance, capital
recovery, administrative overhead, property tax and insurance,
and a charge for the incremental heat loss of the indirect contact
furnace compared to the direct contact furnace. The heat loss is
calculated assuming that the flue gas is 120°F hotter than the
direct contact furnace flue gas. The cost of the heat loss is
based on the following factors: the heat is made up by burning fuel

valued at $1.50 per million Btu to produce steam in a boiler of 90
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percent thermal efficiency. The annualized cost assumes a 90
percent operating factor or 7884 hours per year. The incremental
capital and annualized costs are shown in Table 8-17. These

costs are also the incremental control costs over the typical state
requirements‘which could be met with a direct contact furnace plus
a single stage of black liquor oxidation.

e) Black Liquor Oxidation System - The exhaust gases from

air oxidation systems contains some TRS compounds. If these off-
gases are to be controlled, the required control method is in-
cineration. Two ways of designing incineration systems were con-
sidered. The first alternative involves incineration of the off-
gases in the recovery furnace. Since the off-gas stream has a high
moisture content, a condenser was considered a necessary part
of the system. The second alternative investigated was incineration
in a separate incinerator with heat recovery. An economic compari-
son of these two alternatives showed that incineration in the
recovery furnace had a-somewhat higher capital cost due to the
condenser, but the annualized cost was considerably lower than
for the separate incinerator. Given the rising cost and restricted
availability of natural gas, the separate incinerator alternative
is not considered to be a preferred alternative for this affected
facility.

Since there are no existing installations of this type,
no actual costs are available for this alternative. The costs in

Table 8-18 represent EPA's best estimate of the cost of incineration
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in the recovery furnace. Since most states do not require incin-
eration of oxidation vents, these costs are also incremental
control costs. The system includes the duct, condenser, piping,
and controls required to transport the off-gases to the combustion
air system of the recovery furnace. This system is similar to the
one described for the brown stock washers except for the addition
of a condenser.

f) Smelt Dissolving Tank - The control technique for reducing

TRS emissions from the smelt dissolving tank is to use fresh

water (or water which is eséentia]]y free of dissolved TRS compounds)
in the smelt dissolving tank scrubber. This feature can be

designed into a new mill at essentially no cost. Therefore, no
control costs are presented for control of TRS emissions from this
affected facility.

g) Lime Kiln - Two general approaches exist for reducing TRS
emissions from lime kilns. The first is to maintain proper process
conditions on parameters such as the cold end temperature, oxygen
content in the kiln, the sulfide content in the 1ime mud, and the
PH and the sulfide content of the scrubbing water. To accomplish
some of these changes, more attention must be paid to operating
the process, but it is difficult to identify specific cost
penalties. The only factor which can be well defined enough to
make a cost estimate is the increase in cold-end temperature. This
cost is estimated based on raising the cold-end temperature 100°

from 350° to 450°F and assuming $1.50 per million Btu and 7884 hours
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of operation per year. The control costs for each model mill
are shown in Table 8-19,

The second approach to TRS removal is to add caustic to the
liquor in the 1lime kiln scrubber. Caustic scrubbing will absorb
some of the TRS emissions. For most mills caustic is part of the
ordinary makeup caustic to the mill. In those cases, there is
essentially no cost associated with this alternative. If the
caustic is not ordinary makeup, then there is an additional cost
for caustic addition. By filtering out the solids and recycling
the caustic scrubbing Tiquid, consumption of caustic can be kept to
a minimum. The cost for this caustic addition is calculated on the
basis of 0.633 pound of caustic (NaOH) per ton of pulp at a price
of $57 per ton of NaOH. The cost for the addition.of caustic is
shown in Table 8-19 where a scrubber is installed primarily for
particulate controls.

In situations where electrostatic precipitators may be used
for removal of particulates, the addition of caustic would require
the installation of a scrubber to achieve TRS absorption. This
unit would necessarily follow the precipitator in series. The
rationale for the cost estimates of alternative 5 associated with
TRS control includes the capital and annualized costs of a Jow
energy scrubber in addition to the caustic consumption. The costs
for the low energy scrubber are based on the estimates for the 15-
inch scrubber from Table 8-11.

Table 8-20 shows the incremental control costs for alternative
controls 2 through 5 over state standards requirements. Alternative

5 consists of combining process controls, a scrubber, and caustic
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addition. Alternatives 3 and 4 include only process controls as
defined above; and alternative 2, process controls and caustic
addition. The costs are derived from the estimates presented in
Table 8-19.

h) Condensate Stripper - In mills that have_condensate

strippers, the TRS compounds vented from the stripper can be con-
trolled by incineration. The EPA cost estimate shown in Table 8-21
is based on a system inc]udﬁng a fan, duct, sea]vpot, and flame
arrester. The duct begins at the overhead condenser on the stripper
and ends at the point where it connects with the non-condensible
gas header which leads to the 1ime kiln.

In the judgement of EPA, the states normally would require in-
cineration of condensate stripper vents. Hence, there are no in-
cremental costs associated with this technique.

8.2.1.3 Discussion of Incremental Costs for Alternative Control Systems

The purpose of this section is to summarize the incremental control
costs for each affected facility and to present total system costs which
reflect alternative control considerations for the 1ime kiln facility.
The total system costs (i.e., the aggregated incremental control costs
on a total mill basis) serve as the input for the economic analysis in
Section 8.4.

An in-depth description of the alternative control systéms
(A]ternatives 1 through 5) is found in Section 4.3. A brief description
in tabulated form of these alternative systems js presented in Table 8-22.
Alternative 1 represents the composite of state regulations interpreted

by EPA to be most typical for individual affected facilities. These
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regulations are not necessarily the most stringent ones that can be
found. Rather, they are most representative of those states with pulp
mill regulations, on an individual affected facility basis. Alternatives
2 through 5 are representative of more stringent levels of control.

The summary of incremental control costs derived earlier for the
individual affected facilities is presented in Table 8-23. From these
costs, total incremental costs for the alternative control systems can
be derived. These are shown for the direct contact furnace only in
Table 8-24.

' Reviewing Table 8-23, the control costs on an unit basis tend to

be Tower with increasing mill size. However, the trend is not consistent
and the economies of scale are not significant. For example, control
alternative 2 costs range from $1.57 per ton for a 500 TPD mill to $1.47
~per ton for a 1500 TPD mill; but the intermediate size, the 1000 TPD
mill, has the lowest costs at $1.42 per ton. This pattern holds for
alternative 3. For control alternatives 4 and 5, the costs per ton for
the 1000 and 1500 TPD mills are practically the same at each level --
$1.99 per ton for alternative 4 and $2.29 per ton for alternative 5.

8.2.1.4 Cost-Effectiveness of TRS and Particulate Emission Control
Alternatives, Lime Kiln Facility

With respect to lime kiln emissions, there are four levels that
were considered for investigation. These levels which reflect the

various combinations of controlling particulates and TRS emissions in-
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volve certain trade-off considerations that should be included in recom-
mending the Time kiln standards.

The four levels have been.described in detail earlier in Section 4.3.
Basically alternative 2 differs from alternative 3 only by the addition
of caustic (to a 30-inch pressure drop scrubber). Alternative 4 requires
replacement of the 30-inch scrubber with an electrostatic precipitator
to improve particulate emission control. In addition, a fuel penalty is
incurred for use of the precipitator because the 1ime kiln can no longer
be safely used as an incineration point for TRS emissions from other
affected facilities. Alternative 5 represents an addition of a 15-
inch pressure scrubber with caustic scrubbing 1iquid, to the alternative 4
controls, to achieve TRS absorption.

The calculations for cost effectiveness of selective particulate
and TRS removals for ascending levels of control are presented in Table 8-25
for a direct contact recovery furnace design in a 1000 TPD pulp mill.

The cost-effectiveness technique employed here attempts to measure the impact
that a change in control technology has upon a reduction of a single
po]]utant category. Hence, the marginal cost concept is used to measure

the sensitivity of such a change.

The marginal cost per 1b. of pollutant reduction is calculated for the
caustic addition a]ohe ($0.73 per 1b. of TRS reduction), for the electro-
static precipitator and separate incineration ($1.77 per 1b. of particulate
“reduction), and the addition of a scrubber with caustic scrubbing Tiquid
($12.09 per 1b. of TRS reduction).

Average costs per 1b. of pollutant reduction are also shown in

Table 8-25 for each Tevel. The average costs shown for Alternative 2 are
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in reality marginal costs incremental above the state level (alternative
1). Alternative 2 average costs are calculated as if the alternative 1
costs were zerc. To compute these costs in any other manner would
entail the problem of defining the economic recovery for particulate
emissions, which was discussed earlier in this chapter.

8.2.2 Modified/Reconstructed Sources

8.2.2.1 Introduction

The purpose of this section is to present control costs for modified
and reconstructed sources that will evolve from the designation of cer-
tain affected facilities. Frequently, a pulp mill may expand production
piecemeal, dr improve production efficiency, by doing such things as
reconstructing an existing digester, adding an additional stage of pulp
washing, or converting to a more reliable fuel (such as converting
from gas to coal in the Time kiln). Furthermore, a mi1l may make some
major changes in its set-up in response to some non-production related
consideration, An example of the latter would be the conversion of a
direct contact furnace to an indirect contact furnace design to achieve
reduction of TRS emissions for compliance with a state regulation. The
examples presented here are precisely those that wi11 be discussed with
presentation of cost estimate.

Capital costs are based on 1975 dollars (Fourth Quarter of 1975).
Capital charges are based on 15 years for amortization and 100 percent
leading at 10 percent interest. Administrative costs, taxes, and in-
surance are estimated at 4 percent of capital investment. Factor
prices for electricity and fuel are assumed to be the same as those in
Section 8.2.1. Maintenance costs were calculated as ? percent of original

capital investments.
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8.2.2.2 The Digester System

Reconstruction of an existing digester, in which an expenditure of
more than 50 percent of the cost of a new unit is made, can be anticipated
to occur at some mills. This action would require the control of the
affected facility to meet the proposed standard. Control costs for two

sftuations are presented:

1) case where only piping constitutes the major expense

2) case where the existing blow heat recovery system may have
to be replaced (major costs for structural supports, blow heat
tanks, heat exchangers). Included in both situations are
costs for 2000 feet of piping (from the source to the 1ime kiln),
spark arrestors, flame-out controls, and gas accumulator.

The costs represent estimates based on information received via
contacts with several compam'esz.l for retrofitting controls in response
to state implementation requirements. The costs estimates are presented
in Table 8-26 for a 250, 500, and a 1000 ton per day mill.

8.2.2.3 Brown Stock Washer System

In some situations, a mill may expand sufficient pulping capacity to
warrant a need for adding an additional washer stage to an existing
washer system. Washer emissions may increase, thus subjecting the
facility to the modification provisions of Section 111. In this parti-
cular case, the mill may have tightened down on all the major sources
(recovery furnace, digesters), having only the washer system as the
lone source for controls. Retrofit control costs are presented for

such a situation.

8-59



Table 8-26. CONTROL COST REQUIREMENTS FOR
DIGESTER RECONSTRUCTION

Case 1. Piping Only.-

Mill Size, TPD 250 500 1000
Capital Cost ($) $200,000 $350,000 $500,000
Annualized Costs ($/Yr) 51,000 90,000 136,000
Annualized Cost per Ton? 0.621 0.548 0.4]4.
($/7) |

Case 2. Piping and Blow-Heat

Recovery.

Mill Size, TPD 250 500 1000
Capital Cost ($) $500,000 $2,000,000  $4,000,000
Annualized Costs ($/Yr) 116,000 453,000 906 ,000
Annualized Cost per Ton 1.41 2.76 2.76

($/T)

%Based on 7884 hours of operation per year.
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The major factors involved in the magnitude of costs for retro-
fitting controls on brown stock washers are the accessibility of the
recovery furnace for incineration of TRS and the condition of the ventila-
tion system on the existing washers. Costs are presented for two cases:
(1) major retrofit of ventilating system plus incineration in existing
recovery furnace and (2) major retrofit of ventilating system plus
destruction of captured TRS in a separate incinerator. Costs for retro-
fit of ventilation systems have been developed on the basis of contacts
with several paper companies22 and the National Council for Air and
Stream Improvement.23 The cost for a separate incinerator was based on
transfer of'techno1ogy from an incinerator application on an asphalt
saturator'.24

The cost estimates for these two situations are presented in
Table 8-27 for 250, 500, and 1000 ton per day mills. The design gas flow
rate for the incinerator was based on 100 acfm per ton per day pulp.
This compares to a reported range of 75 to 250 acfm per ton per day.25
Fuel costs were based on a price of $1.50 per million BTU and a use of

1.75 million BTU per ton pulp.

8.2.2.4 Recovery Furnace Modification

The only modification of a recovery furnace of any significance
occurs when a direct contact design 15 converted to an indirect contact
design. Only one situation of this nature has occurred in the industry
although further conversions are likely to take place. For such a

modification, the increased emission of concern is particulates.
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Table 8-27. CONTROL COST REQUIREMENTS FOR
BROWN STOCK WASHER MODIFICATIONS

~Case 1. Incineration in Recovery

Furnace ‘
Mill Size, TPD gg_ 500 1000
Capital Cost ($) 400,000 600,000 1,200,000
Annualized Cost ($/Yr) 76,000 114,000 228,000
Annualized Cost per Ton 0.925 0.694 0.694
($/7) '
Case 2, Separate‘Incinerator

Mi1l Size, TPD 250 500 1000
Capital Cost ($) 650,000 1,000,000 2,000,000
Annualized Cost ($/Yr) 315,000 570,000 1,140,000
- Annualized Costs per Ton - 3.84 3.47 3.47

($/7)
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The only cost impact resulting from the New Source Performance
Standards (NSPS) would be those costs related to the particulate control
system. Since most states have particulate standards already, only those
cost differences between compliance with the Federal NSPS and the state
regulation are of importance. This means that the typical state regula-
tion would require a collection system capable of achieving approximately
99.6 percent collection efficiency. In order to meet the Federal NSPS, |
the mi11 owner would have to install a system capable of achieving 99.8
percent. Since most of the retrofit costs, such as taking out the
direct contact evaporator, adding economizer, concentrator, fans, turbines,
piping, electrical, instrumentation, and engineering, would occur in
the absence of any regulation, the only cost directly affected by the
NSPS are the incremental precipitator costs. Referring to Table 8-28,
these costs are presented for the 500 TPD mill and 1000 TPD mill situa-
tions. The costs are the same as those shown for indirect contact furnace
precipitators in Table 8-8. The 250 TPb mi1l situation would not Tikely
occur because most mills of that size would have furnaces approximately
twenty years old and would be uneconomical to convert.

Table 8-28. INCREMENTAL CONTROL COSTS FOR INDIRECT CONTACT
RECOVERY FURNACES OVER SIP REQUIREMENTS

Mill Size, TPD 500 1000

Capital Costs ($) | 310,000 620,000
Annualized Cost ($/Yr.) 67,000 134,000
Annualized Cost per Ton ($/T) 0.41 0.41
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8.2.2.5 Lime Kiln-Fuel Conversion

The anticipated modification of this source would occur for a
conversion of gas fuel to oil for firing the kiln. This conversion
would result in an increase of particulate emissions, thus subject
to the Federal New Source Performance Standards.

The maximum impact foreseen would occur in the total replacement
of the existing scrubber system. The costs for this situation which
reflect the installation of a higher energy scrubber system are presented
in Table 8-29. The capital costé, reflecting retrofit penalties, are as-
sumed to be 25 percent greater than similar costs for a grass-roots
Venturi scrubber, with 30 inch pressure drop. (The latter costs were
presented in Table 8-11).- The costs for the 250 TPD were obtained by
scaling the costs in Table 8-11 with the assumption of a 0.4 scalar
exponent over the 250-1500 TPD size range. The incremental annual
costs include only the capital charges,‘taxes, insurance, and administra-
tive costs and incremental electrical energy consumption. Maintenance
costs, Tabor costs, and by-product credits are assumed to remain the
same as those on the pre-retrofit scrubber.

This control option would not.require any additional TRS controls,
TRS emissions remaining the same as prior to retrofit. Hence, no need

exists for addition of caustic.

Table. 8-29. COST REQUIREMENTS FOR MODIFICATIONS TO LIME KILN SCRUBBER

Mill Size, TPD 250 500 1000
Capital Cost ($) 113,000 150,000 200,000
Annualized Costs ($/yr.) 27,000 41,000 65,000
Annualized Cost per Ton 0.33 0.25 0.20
($/7)
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8.3 OTHER COST CONSIDERATIONS

In addition to NSPS, the fundamental process economics of the
kraft pulping industry will be impacted by other regulations. These
include Federal water regulations as well as occupational safety and
health regulations. However, the imposition of these other regulations
will probably not affect the results of the analyses contained in
section 8.4.

Arthur D. Little, Inc. has recently completed a comprehensive
analysis of air, water, and noise regulation impacts on the entire pulp

and paper'"industr,y.26

The kraft pulping sector was judged to be one of
the stronger industry seaments. Furthermore, ADL projectéd no closures

for the kraft pulping sector.
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8.4 POTENTIAL ECONOMIC (INCLUDING SOCIAL AND INFLATIONARY) IMPACT

8.4.1 Grass Roots New Plants and Capacity Additions at Existing Plants

The projected impact of each considered alternative control system
is smaTl fbr grass roots new plants and capacity additions at existing
plants. New source performance standards should not, by themselves,
preclude construction of grass roots new plants and capacity additions
at existing plants.

Small absolute and relative control cost estimates, inelastic
price elasticity of demand estimates, and small simulated return on
investment impacts support the aforementioned statements.

8.4.1.1 Control Costs

The absolute and relative magnitude of the estimated alternative
control systems' costs for grass roots new plants are displayed on
Table 8-30. Regardless of the alternative of mill size, the estimated
~absolute and relative incremental contro] costs are small. At most,
the estimated amounts are $2.56 annualized cost per ton, 0.7% of the
average pulp sales price, and 1.5% of the baseline mill investment. Al-
though control costs tend to be higher for smaller mills with indirect
contact recovery furnaces (See Table 8-23), the alternatives considered
are not expected to significantly affect new mili size or recovery furnace
design decisions. The reason is that air pollution control is just one
of several factors influencing mi1l size and recovery furnace design.

Moreover, the incremental control costs are small to begin with.
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The relative control costs associated with capacity additions
at existing plants should be even smaller; since, there is more
production volume over which to spread the incremental costs.

8.4.1.2 Price Elasticity of Demand

However, impact upon the mill or firm may depend on other
things besides the control cost magnitudes. It might depend on the
ability to pass control costs onto others.

For example, if kraft pulp prices rose to cover incremental control
costs and sales revenues increased, lessened mill impact could result.
To have a revenue rise, the percentage change in quantity demanded of
kraft pulp divided by the percentage change in kraft pulp prices must
have a value between 0 and -1.0. This occurs when the product's direct
price elasticity of demand is inelastic.

Because kraft pulp is an intermediate good, has few close sub-
stitutes, and is a small part of final product value, most analysts
characterize kraft pulp demand as price inelastic. This characterijza-
tion is supported by recent econometric studies which estimate a direct
price elasticity of demand value of -0.5.

8.4.1.3 Return on Investment

Control cost magnitudes and demand elasticities are revealing
indicators of impact. However, where feasible,return on investment
assessments are useful additions. Because such assessments focus on
the viability of a particular investment [i.e. whether or not to
construct a new mill], they more clearly focus on the issue of

affordability.
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Requisites of a return on investment assessment are the incre-
mental investment, variable, and capital related control costs; baseline
mi1l investment; variable process costs; the necessary price change)
and demand elasticities.

Four critical assumptions were used in conducting the return on
investment assessment. First, the project hurdle rate is 10% after
tax. Second, variable process costs are $150/ton of
pulp. Third, the demand elasticity of -0.5 applies 1o the price
increase of each mi1ll. And, fourth, the precontrol working year 1is
328.5 days-

The results of the assessment are displayed on Table 8-31. The
adverse before tax refurn on investment impacts range from 0.04% to
0.11% for all considered alternatives. These are very small simulated
impacts, and, by themselves probably would not alter decisions
regarding new mill construction.

8.4.2 Modifications at Existing Plants

Modif{cations stem from capital improvements which increase the
emission rate from a designated facility. Consequently, a mill segment
becomes an affected facility; and hence, subject to "New Source Performance
Standards" (NSPS).

Since modifications stem from capital improvements, the owner
believes the mill, in the absence of NSPS, is a viable long run projéct.

In essence, the owner makes the conscious decision to modify with the

expectation of improving his competitive posture.
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The.fundamenta1 question.in the impact assessment is will the owner
still wish to modify in the face of NSPS. For the 4 modification cases
ané]yzed, the control costs are probably affordable; the owner would

.probab]y still modify. Small incremental control costs, inelastic
demand estimates, and small simulated return on investment impacts
support the aforementioned statement,

The probable modifications and their control costs are described
in Section 8.2.2. Kraft pulp demand elasticity is described in Section
8.4.1.2. The modification return on investment assessment employs
the same critical assumptions and requisite data as the new mill
assessment. However, baseline mill investment for the modification
assessment is aésumed to be 50% of the new mill assessment.

The results of the modification assessments are displayed on
Table 8-32. Adversé return on investment impacts range from a decline.
of 0.01% to 0.32%. Again, these are small numbers, and by themselves
would probably not alter a mi]]'é decision regarding modification.

8.4.3 Reconstructions at Existing Plants

Reconstructions may result when capital ekpenditures on a
designated facility exceed 50% of the cost of a new facility. The
absolute and relative magnitude of associated control costs would
probably be less than the previously analyzed new plant and modified
existing plant situations. For example, piecemeal reconstructions
would have smaller associated gas volumes and hence, smaller control costs.
In addition, production levels are presumed to be the same in the modified
and reconstructed mill situations. Consequently, the jmpacts on reconstruc-
tions at existing mills Qou]d probably be less. Therefore, the concluded

impact of all alternatives on reconstructions at existing mills is small.
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Reconstructions at existing plants will probably not be precluded by
an NSPS alone.
8.4.4 Summary

In essence, the projected impact of all considered alternatives
is small. Again, small incremental control costs, inelastic price
demand elasticity estimates, and small simulated return on investment
impacts support the projected impact. New source performance standards
by themselves should not preclude new mill construction or modification
and reconstruction of designated facilities at existing mills. Conse-

quently, adverse growth, output, and employment impacts are probably nil.
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9. RATIONALE FOR THE -PROPOSED STANDARDS
9.1 SELECTION OF THE SOURCE FOR CONTROL

Kraft pulp mills contribute significantly to national emissions
of total reduced sulfur (TRS) and particulate matter. There are
currently 120 mills Tocated in 28 states that produce over 90,000 tons
of pulp per day. Nationwide emissions of TRS from kraft pulp mills
exceeded 200,9N0 tons in 1973; emissions of narticulate matter totaled
4nn,non tons durinag the same vear. The industry is exneriencina
a moderate growth rate of about 2.5 percent that is predicted to
continue through the end of the decade. However, the rate is predicted
to return to a higher growth rate by 1980. Standards based on best
demonstrated technology would have a significant impact on emissions

from ngw]y constructed and modified facilities.

Total Reduced Sulfur (TRS)

The reduction in TRS emissions from all domestic affected
facilities due to the increased control requirements of the proposed
standards is estimated to exceed 14,350 tons per year in 1980. This
number is based on anticipated growth rates in new and modified
facilities. Compared to emission rates under present average state
control standards, an increase in TRS emission control efficiency

of about 96 percent can be anticipated.

TRS is an extremely odorous gas, often detectable at concen-
trations of a few parts per billion. Odors from noorly controlled
kraft pulp mills may affect large areas and populations and may cross
State and national boundaries. Interstate activities and international
air pollution problems have been caused by these emissions. For

example, the State of Vermont sued the State of New York and
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International Paper Company over odorous emissions Tinked to a
pulp miTl at Ticonderoga, New York. The suit resulted in
increase in TRS emissions control from the mi1l in an effort to
reduce the intensity and range of effect of the odors. EPA was
retained as a friend of the éourt and supplied technical information.
Emissions from kraft pulp mills near several other State border
areas have prompted similar involvement by EPA in the settlement
of interstate odor problems.

TRS at kraft pulp mills consists of hydrogen sulfide, methyl
mercaptan, dimethyl sulfide, and dimethyl disulfide. Based on the
results of several stud'iesl,h2 the odor thresholds of these gases are:

Odor Threshold

Compound - pom ug/m3
Hydrogen Sulfide - HoS .00N5-,022 <1-45
Methyl Mercaptans - CH3SH .0n21 4.5
Dimethyl Sulfide - (CHq)»S .N010 2.9
Dimethy1 Disulfide - (8H3)252 .0N56 23.7

The perception of these odors varies from person to person, depending
on many factors such as age, sex, Tocation, general health, and smoking
habits. 1In the vicinity of poorly controlled kraft pulp mills, average
ambient ground level concentrations of TRS as high as 3000 ug/m3 (one-
hour average) have been measured. Under adverse dispersion conditions,
concentrations as high as 1400 ug/m3 (10-second average) and 185 ug/m3
(1 hour average) are predicted from meteorological studfess. The
calculated ambient ground level concentration of TRS due to emissions
from well controlled facilities at a model 1000-ton-per~-day mill 1is
about 225 ug/m3 (10 second average) 30 ug/m3 (one-hour average). The

meterological study is discussed in detail in Chapter 7,
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These concentration levels are of short duration and are representative
of the worst case that is predictable under the assumed emission
conditions. Control of TRS emissions to the level required by the
proposed standards will substantially reduce the intensity of the

odorous emissions and the affected area where the ordors are preceptable.

The availabte information on the effects of TRS on the
public health or welfare is oriented toward the effects of
hydrogen sulfide (H2S) and of odors. Since approximately 75
percent of TRS emitted from kraft pulp mills is HoS, and odors
are linked to the emission of all four of the constituent gases
of TRS, the following discussion primarily addresses the effects
due to the presence of HpS and odors.

The effects of HyS in the ranges predicted near kraft npuln
mills are summarized in Table 9.1. At the lower concentrations only
odor percention and sTight eye jrritation are noted. As the concen-
tration ranges above 15,000 pg/m3, other irritant effects may be
experienced. Above 30,000 pg/m3 the maximum occupational 8-hour exposure
1imit is exceeded. The I1linois Institute for Environmental Oua11ty7
noted that at levels between 10,000 and 70,000 ug/m3 of HpS, symptoms
such as eye irritation, fatigue, loss of appetite, insomnia, nausea,
and headaches will occur following long duration. At very hiah
concentrations, over 1,000,00N uq/m3, exposure to hydrogen sulfide

can cause death quickly by paralysis of the respiratory center. The
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TABLE 9.1

EFFECTS OF HYDROGEN SULFIDE3

HZS”Con entration
ug/m3° (ppm) -

1-45 (7.2 x 1074 - 3.2 x 10-2)

10 (7.2 x 1073)

150 (0.10)
500 (0.40)
15,000 (11.0)
30,000 (22.0)

30,000-60,000 (22.0-43.0)

150,000 (110)

Recorded Effects

Odor threshold. No reported injury to
health.

Threshold of reflex effect on eye
sensitivity to Tight

Smell sTightly perceptible
Smel1 definitely perceptible
Minimum concentration causing eye irritation

Maximum allowable occuvational exposure for
8 hours (ACGIH Tolerance Limit)

Strongly perceptible but not intolerable
smell. Minimum concentration causing lung
irritation

Olfactory fatigue in 2-15 minutes: irritation

of eyes and respiratory tract after 1 hour;
death in 8 to 48 hours
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sensation of odor at these levels is often lost due to olfactory

fatique after short eXposure periods, which increases the danger

of exposure. Concentrations at these levels, however, are not

expected to occur as a result of emissions from kraft pulp mills alone.
Studies indicate 1ittle evidence that hydrogen sulfide causes

any sianificant injury to field crops at ambient concen-

trations below 30,000 ug/m3. Effects have been noted, however, on

painted surfaces and metals. HZS may react with paint containing

heavy metal salts to form a precipitate which can darken and discolor

the surface. Eiperiments have shown that darkening is dependent

on both the duration of exoosure and the concentration at the surface.

Darkening has occurred after exposure to HpS concentrations as low

as 75 ug/m3 for two hours. Damage to house paint caused by HoS

emissibns Tinked to a kraft pulp mill has been reported in studies

on the comhunities of Lewiston, Idaho, and Clarkston, Washington. H2S

has been linked to the tarnishing of copper and silver surfaces exposed

to coneentrations above 4 ug/m3 for 40 hours. It will also cause some

alloys of gold to tarnish and has been shown to attack zinc at room

temperature, forming a zinc sulfide film. However, at concentrations

normally expected in the atmosphere at kraft pulp mills, HoS is not

corrosive to ferrous metals.
Hydrogen sulfide fis characterized by a "rotten eggs" smell that

is perceptable at the low levels nreviously cited. Several studies
have linked the presence of odors of the type emitted from kraft
pulp mills to trends in several effects on humans. such as poor
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9.2.5 Recovery Furnace System

Each recovery furnace is defined as an affected facility.
Generally, each furnace is a separate entity and does not interact
with any other furnace at a mi1l. If a furnace is used for
recovery of materials from both kraft and neutral sulfite semi-
chemical pulping operations, it is covered by the pfoposed
standards.
9.2.6 Smelt Dissolving Tank

The smeTt dissolving tank associated with each recovery
furnace is a separate unit with no interconnections with any
other tank at a mi11. Therefore, the affected facility is defined
as each "vessel used for dissolving the smelt collected from the
recovery furnace."
9.2.7 Lime Kiln

Each Time kiln operates separately from any other kiln at
a mill, with no dependence or interaction between kilns. Therefore,
the affected facility is defined as each "unit used to calcine
Time mud...into quicklime."
9.2.8 Condensate Stripper System

Only three mills currently use a condensate stripper system,
and each of these mills has only one unit in operation. Although
it is conceivable that a mill could operate multiple units 1n.
parallel, it is expected that all new condensate strippers will be
installed as separate systems. The definition of the affected
facility is therefore each "column, and associated condensers,
used to strip, with air or steam, TRS compounds from condensate

streams from various processes within a kraft pulp mi11."
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9.3 SELECTION OF BEST SYSTEM OF EMISSION REDUCTION CONSIDERING COSTS
The purpose of the pronosed standards is to require that best
emission control technology, considering costs, for TRS compounds
and particulate matter be installed and operated at new and modified
kraft pulno mills. The individual emission sources to be controlled
include all process gas streams at kraft oulp mills which are significant
sources of TRS and particulate matter. The proposed standards are
based on data on emission control systems and methods of process
operation received through (1) on-site observations of p]ant_processes
and control eauinment, (2) consultation with industry representatives
and control equipment vendors, (3) emission tests conducted by EPA
and operators of kraft pulp mills, and (4) meetings with the National
Air Pollution Control Techniques Advisory Committee (NAPCTAC).
The selection of the best system of emission reduction considering
costs is based on an evaluation of the incremental impacts (compared
to average state standards) on air emissions, air pollution control
costs, energy requirements, water pollution and solid waste pollution.
The first step is to select the most effective emission reduction

methods for each affected facility. Then the jmpacts of the individual

methods are compared to determine the best emission reduction method.
The best system to control TRS and particulate matter from an entire
kraft mi1l is an assimilation of the best emission reduction method

or methods for each facility, since the emissions from each facility

at a kraft mi1ll are independent of emissions from other facilities.
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expense.because of the annual charges associated with the increased
capital and a fuel charge due to heat loss. This is discussed in
detail in_chapter 8. The incremental capital costs and operating
costs over the average State standards are considered to be reasonable
for both methods. The energy requirements for a mill that uses an
indirect-contact furnace, as a percentage of the total plant fossil
fuel and electrical requirements, are as much as 10 percent higher
than the mill using a direct-contact furnace. This is due to an
estimated effective flue gas heat loss of 120°F. This heat loss
arises because the optimum economizer for an indirect-contact furnace
and the process stream requirements result in the combustion gases
leaving at a higher temperature, and some additional steam is also
required in the additional evaporator unit.

Particulate Emissions - The two demonstrated methods for controlling

particulate matter from the recovery furnace are scrubbing and electro-
static precipitation (ESP). Fabric filtration has been considered by
some operators, but it has not been demonstrated and is not considered
to be currently available. For a scrubber to achieve the particulate
emission control levels attainable with an ESP (0.02-0.05 gr/dscf),
a very high pressure drop would be required. The very few scrubbers
that are presently used for control of particulate emissions from
recovery furnaces have relatively low collection efficiencies ¢ompared
to an ESP.

The industrylQ has commented that there is a gradual deterioration

in performance over the life of an ESP in the kraft industry, even
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if the precipitator is well maintained. The industry-also commented
that the performance of an ESP should be allowed to deteriorate
until a sufficient amount of maintenance is necessary to justify
shutting down the unit and performing the maintenance.

EPA investigated these comments by contacting plant operators
and discussing these comments with equipment vendors.11’12 EPA's
conclusions, discussed in detail in chapter 4, are that a precipitator
will not significantly deteriorate with age provided the wires,
collection plates, and rapping system are well maintained. The
vendors contacted by EPA agreed that the design of precipitators
to be used on kraft.recovery furnaces should be more rugged than
for most other applications because the particulate matter from
kraft furnaces is sticky and requires intensive rapping to separate
it from the collection plates, thereby requiring a more sturdily
built precipitator. Some precipitators that are ruggedly designed
have recently been put into use in the domestic kraft pulping industry.
The wires on this type of precipitator are fastened at five-foot
intervals, and very few wires have broken in operation.

Currently precipitators forithe kraft industry are desianed
to achieve an emission level of 0.05 a/dscm. EPA has tested tHree
units that achieve particulate concentrations below this desian
lTevel. EPA aﬁrees with the industry that the performance of a
precipitator:should be allowed to deteriorate somewhat (until a
sufficient amount of maintenance is necessary to justify shutting
down the unit and performing the maintenance), but feels that this

has been adequately considered in setting the proposed standard

of 0.10 g/dscm.
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There are no water or so1id.waste impacts associated with ESP's
used on recovery furnaces because the collected particulate matter,
which is salt cake, is recycled directly back to the process. State
standards require a collection efficiency of approximately 99 percent;
however, precipitators that achfeve a collection efficiency of approxi-
mately 99.5 percent are currently available. The incremental enerqy
requirement of a 99.5 percent efficient ESP compared to one with the degree
of efficiency required by state standards is nealiqible. Data on the
energy consumption of these units are presented in chapter 7. For
a 1000-ton-per-day kraft mill direct-contact recovery furnace,
the incremental capital cost for the more efficient ESP over a state
standard is $460,000, and the incremental annual cost is $110,000.

The incremental costs and the total costs are considered to be
reasonable. Therefore, a precipitator with a collection efficiency
of approximately 99.5 percent is considered to be the best method
of emission reduction, considering costs.

‘Recovery Furnace Control System - The best demonstrated technoloay,

considering costs, for controlling both TRS and particulate matter
emissions from the recovery furnace is a 99,5 percent efficient
precipitator and either a direct-contact Black Tiquor oxidation
furnace with two stage of black 1iquor oxidation and good combustion
control in the furnace or an indirect-contact furnace with qood
combustion control in the furnace.
9.3.2 Smelt Dissolving Tank

The smelt dissolving tank is a source of Both TRS and particulate

emissions at a kraft pulp mi1l. - The particulate matter is comprised
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of finely divided smelt particles that become entrained in the
steam emitted from the tank. TRS emissions may be generated in
either the dissolving tank itself or in the particulate scrubbina
device, and stronaly depend on the quality of water used either to
dissolve the smelt or to carry out the scrubbing.
Particutate

Particulate emissions from tfie smelt dissolving tank are controlled
by using either wire mesh demister pads with countercurrent washing,
a low energy scrubber, or a combination of these two methods. The
demister pads require very little energy to operate, the circulation
of the washing water being the major factor. Consequently, the operating
costs are very low. The second alternative, the scrubber, has been
shown to be a more efficient control device, removing as much as
five times the amount of particulate matter as a demister, The third
alternative, the combination system, is similar in control efficiency
and costs to the scrubber. The eneray requirement for the scrubber
is much areater than that for the demister, althouah small in comparison
to total process energy requirements at a kraft pulp mill. The operating
costs for this alternative are sliaghtly higher. These costs, however,
are considered to be reasonable.

TRS - TRS emissions are primarily caused by the presence of
reduced sulfur compounds in the smelt and in the water used to dissolve
the smelt. Since a portion of the TRS compounds is dissolved in the
condensed vapor, TRS removal is related to fhe efficiency of the
particulate collection device. When process water contaminated by

sulfides and sulfates is used in the scrubber, reduced sulfur emissions
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can be stripped from the scrubber water and emitted to the atmosphere,
These sources of emissions can he reduced at Tittle cost by insuring
that the water for dissolving smelt and the scrubber water are
uncontaminated with dissolved sulfides. The best system of emission
reduction for TRS emissions from this facility {s the use of water

that is not Righly contaminated with dissolved sulfides from dissolving
the smelt and for scrubbing, This requires no additional energy,

and the costs for using water that is not highly contaminated are

very low and considered reasonable.

Best Method for TRS and Particulate Emission'Reduction

Cost, energy, water and solid waste impacts are not significantly
different between the three systems considered. Therefore, emission
redhction efficiency is the determining factor. The use of water
that is not highly contaminated with dissolved sulfides for dissolving
the smelt and in the scrubber and the use of a Tow energy water |
scrubber or a combination demister/low enerqy water scrubber s
considered_to be the best system of emission_reduction, considering costs.
9.3.3 Lime Kiln

The Time kiln 1s a major source of Both TRS and particulate
emissions from a kraft pulp mi11. Emissions from a poorly controlled
facility may range to over 100 ppm TRS, and 4.0 1b/ton ADP for particu-
late matter, |

Several alternative systems for the control of these emissions
have been identified and studied in detail. These are summarized for
a 1000 TPD model kraft pulp mill in Table 9.2, which outlines the
control technologies that are considered to be MOst effective for
the simultaneous removal of TRS and particulate matter, This allows
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a point-by-point comparison to be made of all of the major factors
that were considered in the selection of -the best emission reduction

system.
System number 1 was chosen as the baseline system with which

the other alternatives are compared. This system is the type of
control technology that is most often applied to 1ime kilns at existing
mills: process control for 1imiting TRS emissions and a medium
pressure drop scrubber, approximately 15 inches water gauge, for
particulate control.

System number 2 is based on more effective control technology
for both TRS and particulate matter emissions. A 30-inch water gauge
pressure drob venturi scrubber is used to control the particu1afe
emissions.  More efficient process controls are aoplied to the
operation to reduce the TRS emissions; the cold end temperature

is raised as much as 1NN°F, while the proper 02 concentration and

temperature are maintained to provide better combustion conditions
in the kiln. 1In addition, the efficiency of the mud washing that

is used prior to the calcining process is improved. These imnrpved
brocess controls have been shown to have a significant effect oﬁ

the concentration of the emitted TRS. In addition to the process
controls for TRS reduction, a caustic solution is used in the
scrubber. It has been demonstrated that the addition of the caustic
to the scrubbing water has the capability of reducing the TRS
emissions by as much as 10 ppm at the level expected from a well-
controlled facility, This type of system is presently in use on at

least two kilns in the U.S.
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System number 3 is similar to system 2 and uses the same type
of venturi scrubber and the same level of process controls. However,
caustic is not added to the scrubbing fluid.

System number 4 wses the same process controls as system number 2
for control of TRS. However, the venturi scrubber is repnlaced
with a high efficiency electrostatic precipitator (ESP), which provides
a larger reduction of the particulate matter emissions. This svstem

is presently used at only one U.S. mill.

System number 5 represents a proposed control technique that has not

been applied in the industry. The system is a combination of the

best parts of the preceding alternatives, combining the most effective
process controls, caustic addition to a scrubber of 15 inches water
gauge pressure drop, and an ESP with efficiency comparable to that
used in system number 4. It is assumed that the scrubber and ESP

can be 1néta11ed in series with no major design difficulties, although
this has not yet been demonstrated. A low pressure drop packed

tower would probably give more contact and retention time than a
venturi scrubber and is considered to be more effective in controlling

a gas than a venturi scrubber.
The industrv has commented that, if a 1ime kiln is controlled

with an ESP, it may not be feasible to combust the off-gases from the
digester system, multiple effect evaporator system, or condensate
stripper system in the kiln; fhere would be a poss{bility of an
explosion of the gases from these sysfems in the precipitator in

the event of a flameout in the kiln. In such a casé, a sebarate
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incinerator is required for the control of these gas streams. The
energy requirements and incremental control costs for this unit are
included in the table for systems 4 and 5.

The energy requirements and control costs for each alternative
control system are also presented in Table 9.2. The incremental
values with system number 1 used as the baseline are shown. _

The enerqy requirements for emission control are higher for
a system emp]pyfng an ESP (systems 4 and 5), THe amount consumed
by the ESP itself is a small portion of the total. The majority
of the consumption is the fuel requirement of the incinerator
unit, the use of which is necessary with the ESP, The requirements
are increased furtfier whien the venturi scrubBer is added to the
ESP in system 5.

The environmental impacts associated with the use of the alternatives
have been evaluated and are discussed in chapter 7. .The conclusion
s that no significant water pollution or solid waste disposal
problems will be incurred due to the use of these coitrol devices,

Selection of Best System

In selecting the Best system of emission reduction considering
cost from these alternatives, the air, cost, energy, water, and
solid waste impacts were considered. The water and solid waste
impacts are neqligible and therefore are eliminated as a basis
for judgment. FEach system that utilizes an ESP has a higher energy
impact, a higher capital and annual cost impact and a higher impact
on particulate matter reduction. Any system which uses a camstic

scrubber without an ESP has a lower energy impact, a Tower capital
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cost impact, a s1ight annual cost impact, a high TRS reduction impact,
and a low particulate matter impact.

The best system of emission reduction not considering energy
or cost is system 5 which employs the best of both the TRS and
particulate matter technologies. In comparison to system 2, which
uses the best TRS control, it uses about 85 percent more energy
(approximately 7.9% of total process electrical and fossil fuel
and energy requirement), is significantly more costly and reduces
the particulate matter concentration slightly. System 2 was selected
over system 5 because it is Tess costly, provides the same reduction
of TRS emissions, and only slightly less particulate matter reduction.
The Agency does not think that the additional cost and emergy
requirement§ are justified by the small increase in the reduction
of particulate emissions.

Comparing system 2 to system 4, system 4 has a s1ightly higher
particulate matter reduction impact, a Tower TRS reduction impact,
a significantly high capital and annual cost impact and an emergy
impact (an increase of less than 7.5% compared to mill process
electrical and fossil fuel energy). System 2 was selected over

system 4.
System 2 was se1ected'oyer system 3 because system 3 has a

significantly Tower TRS reduction impact even though it has a
s1ightly lower annual cost immact. Therefore, system 2 which
includes a 30-inch caustic scrubbing system is considered to be the best

system'of emission reduction considefing cost for the Tlime kiln,
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and the proposed standard is -based on the level achievable by

this method.

9.3.4 Digesters, Brown Stock Washers, Multinle-Effect Evaporators,
Condensate Stripper and Black Liquor Oxidation Sfystgm_

Emissions from the digesters, brown stock washers, b1éck Tiquor
oxidation tanks, multinle-effect evaporators, and condensate
strippers account for approximately 25 percent of the total amount
of TRS released from an-average kraft pulp mill. The emissions
from these facilities are generally of a high TRS concentration
and cause a substantial part of the localized odor problems associated
with kraft oulp mills.

Control of these gaseous emissions has been we11.demonstrated
at several sources by incinerating the gases in the recoverv furnace,
the Timeikiln, and separate incineration units. Wiph proper control
of combustion conditions, the TRS can be oxidized, thus reducing
TRS emission levels significantly from uncontrolled facilities.

The cost impacts associated with this method of control are
basically for the additional hooding, Dipinq, and blowews
required for collection of the gases and delivery piping and
controls for the injectioﬁ of the gases at the incineration point.
Additional condensation equipment may also be required for the
hand1ing of the vent streams from the brown stock washers and

the black Tiquor oxidation system. The streams from these two
facilities are often- very moisture laden and must be'condensed
prior to incineration in the recovery furnace.

Utilization of the non-condensables from the brown stock washers
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and the oxidation tanks méy require additional fuel consumption
at the point of incineration, usually the recovery furnace. Incineration
of the non-condensable gases from the other three facilities would
not require additional fuel if they are burned in the 1ime kiln
as part of the primary air feed.
A few facilities have been observed that are controlled
by various types of scrubbing systems. These systems are much less
efficient than incineration and incur an added energy impact. Scrubbing
is not considered to be the best method of emission reduction considerng cost:
Incineration is applicable to all five of the affected facilities
and has no significant water, solid waste, or energy impacts. TRS
emissions are significantly reduced by incineration so there is a
positive air impact, and the cost is considered to be reasonable.
Therefore, incineration is considered to be the best method of

emission reduction considering cost for these five TRS emission sources.

9.3.5 Best System of Emission Reduction Considering Cost for a
Kraft Pulp Mill
The best system af emission reduction for a kraft pulp mill,

is a collection of the best systems identified in section 9.3

for each of the affected facilities. This system includes the following
methods of improved process operation, types of process equipment and
tvbes of control eauipbment: |

Recovery Furnace - Process control, indirect contact

System
evaporator, and ESP; or alternatively,
process control, direct contact evaporator
with additional black liquor oxidation and
ESP.
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Smelt Dissolving - Use of water that is uncontaminated with
Tank

sulfides for dissolving smelt and in the water
scrubber, and a Tow energy water scrubber,

Lime Kiln - Kiln process controls, more efficient 1ime
mud washing, and a 30'inch water gauge pressure
drop venturi scrubber with caustic addition.

Other Sources: - Collection of fumes and incineration in 1ime
Black Tiquor
oxidation, kiln, wecovery furnace or separate incinerator.
system
brown stock
washer
system,
multiple-effect
evaporator
system,
condensate
stripper
system,
and digester
system

The cost for the aggregate of these Systems for
each facility has been evaluated in chapter 8,nand the total costs
are considered reasonable, Therefore, this is the best system
of emission reduction for a kraft pulp mil1, considering cost,

and the pronosed standards are based on this system.
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9.4 SELECTION OF THE FORMAT OF THE PROPOSED STANDARDS

Standards for kraft pulp mills could be exporessed in terms of
either mass emissions per unit of production or a concentration
of pollutant in the effluent gases. The most common format now
used by the industry and state control agencies is pounds of
pollutant per ton of air-dried unbleached pulp produced (1b/T ADP).
This format offers the advantage of preventing circumvention of
the standards bv the addition of dilution air or the use of
excessive quantities of air in process operations. The principal
disadvantage is that a control agency cannot readily or accurately
measure the pulp production over the short terh. Due to storage
cabacity of the mill, the recovery furnace, smelt dissolvina tank,
Time kiln, concentrate strippers, black 1iquor oxidation tanks, and
multiple-effect evaporators can be operating on accumulated inventories
when the digesters are off stream (no pulp production). Similarly,
the above facilities can be onerating below canacity even though
the pulp production may be at design rates.

9.4.1 Particulate Standards

Concentration units are recommended as the format for the proposed
particulate standards for the recovery furnace and 1ime kilns. The
reasons for this decision are outlined below:

a. Concentration units can be corrected for excess oxygen in
the Time kiln and recovery furnace exhaust streams, precluding
circumvention of the standards by dilution.

b. Only orecise measurement of emissions and gas velocities
are required to determine compliance with a concentration standard;

therefore, accurate measurement of production of feed rates is not required.
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€. Most of the data (EPA, state and Tocal control agency, and
company data) which are used to support the proposed standards are
in the format of concentration units. The bases used by operators
and control agencies to convert from concentration to 1b/ADP in manv
cases.are not consistent and are not clearly defined. Converting
the data to another basis could introduce substantial inaccuracies.

The format for the broposed particulate matter and TRS standards
for smelt dissolving tanks is discussed under section 9.4.3,

9.4.2 TRS Standards

Concentration units are also recommended as the format for
the proposed TRS standards for the digesters, the brown stock
washers, the black Tiquor oxidation system, the multinle-effect
evaporators, the recovery furnace, the 1ime kiln, and the condensate
stripping system. The reasons for the selection of this format are
outlined below:

a. Same as a. and c. under the previous section for narticulate
standards format.

b. The reference test method for TRS reads out data in
concentration units. No convefsion factors are therefore required
in determining compliance for the affected facilities.

c. Average concentrations are provosed rather than instantaneous
concentrations to allow for fluctuations in em{ssions which occur
even during periods of normal operation.

Four hours was chosen as the averaging period in order to
allow a sufficient number of test readings to be taken. The proposed
reference test method, gas chromotogranhy, requires readinas to be -

taken at 15-minute intervals. A 4-hour average would allow enough

- 9-30




readings (sixteen) to make some allowance for short-term emission
peaks, while being short enough to allow for a reasonable testing
period.

d. Commercially available continuous monitors that may be
used to measure emissions from these facilities indicate concen-
tration directly. A direct indication of performance of the control
systems would be available, and therefore the operator would be
aware of excess emissions that require corrective action.
9.4.3 Standards for Smelt Dissolving Tanks

The proposed particulate and TRS standards on smelt dissolving
tanks are expressed in grams per kilogram ADP (g/Kg ADP) to prevent
circumvention by dilution. EPA tests show that gas volumes from
existing smelt tanks vary in exhaust concentrations by a factor
of as much as 2.5 even though the smelt dissolving tanks have the
same mass emission rate (g/Kg ADP). Dilution cannot be prevented
by correcting for excess oxygen because the exhaust stream discharged

from the smelt dissolving tank is mostly ambient air.
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9.5 SELECTION OF THE EMISSION LIMITS

Limitations for control of emissions of TRS and particulate
matter are set to the level attainable using the best demonstrated
technology, considering costs, for each affected facility. This
control technology is identified in section 9.3. The purpose

of this section is to quantify the proposed standards by specifying
| the emission 1imits. The rationale for selecting the proposed standards
over alternative emission levels is presented in this sectidn. |

In section 9.4 the format of the proposed standards is discussed.
Concentration standards for TRS and particulate matter for al]
affected facilities eXcepting the smelt dissolving tank are proposed
in ppm and g/dscm, respective1y@ The proposed TRS and particulate
standards for the smelt dissolving tank are in terms of mass ner
unit of production (g/Kg ADP).

A presentation of the emission data that were gathered during
the source testing program is summarized in chapter 6. A description
of the facilities tested and all pertinent information relative to
the operation of testing of each facility fs included. A complete

summary of all the tests is presented in Appendix C.
9.5.1 Recovery Furnace '

As discussed in section 9.3.1, two classifications of recovery
furnaces in use in the kraft pulping industry today are (1) the conventional
system which uses a direct contact evaporator and requires oxidation
of the black 1iquor, and (2) the newer system which uses an indirect-contact
evaporator. Good control of combustion 1s necessary to maintain

the best levels of TRS control. Best demonstrated particulate control
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for both systems is achieved by the use of a high efficiency ESP.

Particulate Emissions

Four recovery furnaces were tested by EPA for particulate
emissions: two direct contact systems and two indirect contact
systems. A1l four systems are controlled by electrostatic precinitators,
with design efficiencies of 99.5 to 99,8 percent.

Furnace J has two stacks, both of which were tested bv EPA.
Stack J" had emissions higher than would normally be expected from
the design efficiency, and much higher than stack J'. Both precipitator
systems were of equal design and each handled approximately 50 percent
of the exhaust flow. Upon investigation it was found that precipitator
J" was probably not operating in a normal manner during the
test. The turning vanes and air distribution plates were caked with
particulate salt, resulting in improper air patterns within the pre-
cipitator and reduced collection efficiency. The unit had not been
recently cleaned, as had unit J', and there was no cleaning mechanism
operating on the precipitator during the tests. The results of six
test runs on this unit showed an average concentration of 0.12 g/dscm
(0.054 gr/dscf), well above the Tevels measured on stack J'. The remainder

of this section deals only with the results of the valid stack tests.
The average of the remaining tests was 0.03 g/dscn1(0}013 gr/dscf).

The range of the individual test runs was 0.01 to 0.08 g/dscm (0.008

to 0-035gr/dscf). The proposed standard for particulate matter emissions
from the recovery furnace 1s 0.10 g/dscm (0,044 gr/dscf), a level
adequately substantiated by the emission tests. Both types of

furnace gystems have been shown to be capable of meeting th1s emission
1imit. With proper mafintenance of the wires, collection plates, and
rappers, the efficiency of the control system can be maintained at

this level.
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As discussed in section 9.3, p}ecipitator performance may
deteriorate due to broken wires and pDoor air distribution within
the precipitator. This may gradually occur over periods of 12
to 18 months of normal operation, at which time maintenance of the unit
will result in a return to the design efficiency. The level of
0.10 g/dscm (0.044 gr/dscf) will require that the best system of
emission reduction, considering costs, to Ee properly operated

and maintained.

TRS Emissions

TRS emissfons were tested from three recovery furnaces: two
direct contact systems and one Indirect contact system. The two
direct contact systems employ black Tiquor oxidation for reduction
of TRS from the furnace. Proper combustion narameters are maintained
to control emissions from the furnace firing process on both types
of systems. The emissions tested from these two facilities ranged
from about 1 ppm to 7 ppm, and averaged about 3 ppm (4-hour averages).
The test data from the one indirect contact system averaged about 0.6 ppm.
The range of the individual test runs was 0.2 to 1.6 ppm {4-hour

averages).

‘Oxyaen Correcttion

The oxygen content of the flue gas measured during the tests

varied between 5 and 10 percent . Measurements of the concentration
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in the gas stream before and after the precipitator indicate that
Teakage into the unit can be expected, thus diTuting the particulate
concentration. Although regulations prohibiting circumvention

of the coneentration standard by dilution are in effect, it is
difficult to distinquish between process air and dilution air.
Therefore, some provision is needed to correct for excess air
inleakage in the outlet stream. When the oxyaen concentration exceeds
8 volume percent 02, the correction will be made down to 8 percent.
Well operated and controlled furnace and precipitator systems will
normally operate below 8 percent 0y, so corrections will not be

required in every case.

In summary, the emission test data show that both types of
furnace systems are capable of achieving TRS concentrations below
5 ppm on a four-hour average. TRS emissions fluctuate over long
periods and may exceed the 2 to 3 ppm averages reported. These
variations are unaccountable in terms of furnace operation, but
must be taken into consideration in the selection of the emission
1imit. The chosen level of 5 ppm (4-hour average, corrected to
3 volume percent O when the concentration exceeds 8 percent)

reflects the levels that are achievable, while allowing for some
variation in emissions over a four-hour period. This 5 ppm level
will also allow flexibility in the choice of furnace system

to be used.
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9.5.2 Smelt Disselving Tank

The use of a Tow enerqy scrubber with uncontaminated water
in the tank and scrubber column was identified as the best emission
control system, considering costs for this facility. This tyne
of system was tested by EPA on two facilities for particulate
matter and two facilities for TRS.

The format for the proposed standards for this facility is
discussed in section 9.4. A mass per unit of oroduction format,
9/Kg ADP, is proposed to prevent circumvention of a concentration
standard due to the Targe amount of process air normally present.

Particulate Emissions

The data for particulate emissions from the four units tested
ranged from about N.N5 to N.22 q/Kg ADP. The average of the test
runs was approximately 0.13 g/Kg ADP. Emissions from these facilities
vary over Tong periods of operation. By proposing the standard at
0.15 g/Kg ADP, this fluctuation is taken into account while stil1
requiring the use of best demonstrated technology, considering costs.

TRS Emissions

Two smelt dissolving tanks were tested for TRS emissions, vielding
results of 0.0N4 and 0,008 9/Kg ADP. Twelve facilities were tested
by the National Council of the Paper Industry for Air and Stream
Imbrovement (NCASI) showing values ranging from Tess than 0.007 to
0.06 g/Kg ADP. The higher data, however, are from tests on faéi]ifies
that do not use the best control system previously outlined. But
the results indicate that theré is a large range of variation in
emissions from even well controlled facilities. The prooosed emission

Timit of n.n125 9/Kg ADP requires that the most efficient control
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system be used, while allowing for some degree of variation in the

emissions.
9,5.3 Lime Kiln

The proposed standards are based on control of TRS and particu-
late emissions from the 1ime kiln through good process controls,
use of a 30-inch pressure drop venturi scrubber, and addition of
a caustic solution to the scrubbing water. A detailed discussion
of this technology isiin chapter 4, and the reasons for its
selection as the best demonstrated technology, considering costs,
is presented under section 3 of this chanter.

© Particulate Emissions

EPA performed tests for particulate emissions on four Time
kilns. Emissions from each kiln were controlled by a venturi
scrubber, with a range of pressure drops of 15 to 33 inches water
gayge. Where possible, separate tests were performed while the
kiTns were burning 0il1 and natural gas; it was noted that the
particulate emissions were much higher when fuel oil was burned.
The test results are presented in chanter 6 along with a short dis-
cussion of each facility tested. A complete summary of each
test run is nresented in Appendix C.

Tests on Kiln D show very high emissions, not considered
representative of control with best demonstrated technology. These
results were presented to show the range of emissions encountered
during the test nrogram. The data were not used in the selection
of the emission Timits for 1ime kiln particulate emissions.

Tests on the three remaining kilns show that much Tlower emission

concentrations are achievable. When burning natural gas as fuel,
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particulate test runs showed a range of 0.05 to 0.15 g/dscm (0.022

to 0.066 gr/dscf) and an average of about 0.09 g/dscm (0.04 gr/dscf).
Emissions were higher when oil was burned instead of gas. Tests

on Kiln L were particularly.high, averaging 0.548 g/dscm (0.24 gr/dscf).
It was concluded that these high concentrations resulted from
incomplete combu;tion of the 0il. These results were not used in the
selection of the emission 1imits. The results of the remaining two |
tests showed individual runs ranging from 0.07 to 0.29 g/dscm

(0.03 to 0.13 gr/dscf). The average of the five runs was 0.10 g/dscm
(0.04 gr/dscf). When during any of the above reported tests the
oxygen content of the ‘exhaust stream exceeded 10 volume percent,

the measured emissions were corrected to 10 percent 05.

TRS Emissions

Tests on three 1ime kilns for TRS emissions show a range of
from less than 1 pnm to about 24 nbm, on a four-hour avérage. Two
facilities are controlled through application of good process controls.
Emissions from Kiln D averaged 9.8 ppm (four-hour average) over
six test runs. Emissions from Kiln K averaged about 6 ppm (four-
hour average) also over six runs. In both cases, fresh water was
used as makeup to the scrubbers for particulate control, and the
sulfide content of the Time mud was quite Tow, between 0.3 and 0.4
percent. Noncondensabde gases from the digester system, the multiple-
effect evaborators, or turpentine recovery system were burned in
the kiTns during the tests.

Six test runs on Kiln E resulted in a range of four-hour average
emissions of 0.3 to 1.7 ppm, averaging 0.7 ppm. TRS emissions are
controlled at this kiln by maintaining good process controls and

by adding a sodium hydroxide solution to the fresh scrubbing water.
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Further test data were supplied by the mill that operated the
caustic scrubber to give an indication of the variations in the emission
concentrations over a longer period of time. The period selected
was 30 days, which included the time when the EPA source tests were
performed. Data were continuously monitored and recorded with
a coulometric titrator manufactured by ITT-Barton, which was
operated according to the specifications set by the manufacturer.
- EPA ana1yzeﬂ the data for the entire 30-day period
excluding periods of start-up, shutdown, and malfunction. Readinas
were recorded every 15 minutes in order to compute 1-hour averages
and then 4-hour averages. When any point within a speciffc one-hour
period exceeded 5 ppm TRS, a manual integration was performed
using a planimeter. The four-hour averages were computed using both
of the data sets. A summary of the data analysis is presented in
Tables 9.3 and 9.4.°
The analysis shows that for the period under consideration,
the four-hour average TRS concentration exceeded 5 ppm only 6 percent
of the time, and the maximum four-hour average did not exceed 10 ppm.
A twelve-month period which includes the month of data analyzed by
EPA was reported by the mill operator to have a total of 58 such excursions
above 5 ppm TRS. This total, however, included emissions during
periods of start-up, shutdown, and malfunction, and must be reduced
to reflect the number of excursions during periods of normal operation.
At least 12 excursions must be subtracted from the total; this leaves
46 excursions, which is an average of less than 4 per month. Therefore,
it is prebable that the period of operation analyzed by EPA represents

a month in which excursions were more numerable than usual. Since the
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TABLE 9.3

_ Lime Kiln E
Distribution of TRS.Data
Four-hour Average Concertrations
September 1 - October 1, 1973

4-Hour Average* Number of Readings Percent of Total

ppm Exceeding Average Exceeding Average
0o 96 57.1
[ 31 18.5
2 | 13 ; 7.7
3 | 9 5.4
4 6 3.6
5- 8 4.8
6 2 1.2
7 2 1.2
8 1 0.6
9 - 26 o 0 0
_ I - (rounding
Totals - 168 100.1 off error)

~ *Four-hour averages calculated from strip chart readings taken

every 15 minutes.




TABLE 9.4

Lime Kiln E _
Distribution of TRS Data
Four-hour Average Concentrations -

September 1 - October 1, 1973

4-Hour Average* . Number of Readings Percent of Total
ppm Exceeding Avercga Exceeding Average
0 9% 57.1
1 - 28 16.7
2 6 | 9.5
3 . ‘ 13 ' 7.7
4 5 : 3.0
5 5 3.0
6 ' 1 0.6
7 o 2 R 1.2
8 - o | -~ 0.6
9 1 0.6
10 - 26 0 0
Totals 168 | , | 100.0°

*Four-hour averages calculated from combination of strip chart readings
taken every 15 minutes and planimeter integration determinations where
> 5 ppm excursions occurred.
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9.5.4 Digester System, Brown Stock Washers, Black Liauor Oxidation
System, Multiple-Effect Evaporator System, and Condensate
Stripper Column

The best control technology, considering costs, for these five
sources of TRS is incineration. This incineration can be accomnlished
in the recovery furnace, the lime kiln, and a separate incineration
unit. Maintenance of proper combustion narameters, basically tempera-
ture and residence time, will assure complete oxidation of the gases.

Test data on one incineration unit, burning non-condensable

TRS gases from the digester system and multiple-effect evaporator

system, show that Tevels ranging from 0.5 to 3 ppm (4-hour average)

are achievable. The incinerator was operating at 1000°F with a

retention time for the gases of at Teast 0.5 seconds. Similar

results can be expected when the TRS gases are incinerated in

either the recovery furnace or lime kiln. Tests on one recovery

furnace in which gases from the brown stock washers were being

incinerated indicate no effects on the performance of the furnace.

Tests on Time kilns that were burning géses from the digesters,

evaporators, condensate strinpers, and miscellaneous storage tank vents

indicate similar results.

The proposed TRS standards for these five affected facilities

are set at 5 pom (4-hour average). A concentration standard was

chosen as the format of the proposed standards for the reasons

presented in section 9.4. Test data support these proposed Timits

and show that incineration, the best control technique, considering costs,

would be required to achieve the proposed standards.
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9,6. VISIBLE EMISSION STANDARDS

The opacity of visible emissions is a measure of mass concentration
of some pollutants. Various studies have shown that opacity varies
directly with mass concentrations of particulate matter. The appiicability
and enforcement of opacity standards related to particulate matter have been
established in several court cases for féci]ities subject to new source
performance standards under section 111 of the Clean Air Act.

Opacity standards help to assure that sources and emission control
systéms are properly maintained and operated so as to comply with mass
emission standards on a continuing basis. Opacity test methods are
quicker, easier to apply and less costly than particulate concerntration/
mass tests. EPA considers opacity standards to be a necessary supplement
to particulate mass emission standards and, therefore, opacity standards
are established as independent enforceable standards.

Where opacity and concentration/mass standards are applicable to
the same source, EPA estaB]ishes opacity standards that are not more
restrictive than concentration/mass standards. The opacity standard
js achievable jif the source is in compliance with the concentration/
mass standard.

Visible emission data were obtained during the development
of the proposed standards at three recovery furnaces, three smelt
dissolving tanks, and at one Time kiln during the time that parti-

culate emission tests were being performed.
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Recovery Furnace System

Visible emissions data were obtained during four tests of three
recovery furnace systems that were using electrostatic precipitators.
A1l of the opacity data were obtained as specified in EPA Reference
Method 9. Over 900 six-minute average opacities were obtained that
ranged from a Tow of 0% opacity at a mass concentration of 0.02 g/dscm
to a high of 503 opacity at a mass concentration of 0.11 g/dscm. The
concentration/mass standard that has been established to reflect
best demonstrated technology considering costs for particulate
matter control of kraft recovery furnace systems is 0.10 g/dscm
(0.044 gr/dscf). A least squares fit of all the opacity/particulate
conéentration data collected during the emission measurement program
shows that, on the average, a mass concentration of particulate
matter of 0.10 g/dscm corresponds to approximately 27% opacity.

Taking the variability of the 6-minute averages into consideration

and normalizing all data to a three-meter diameter stack, the plus

95% confidence value of opacity at the level of the proposed mass
concentration is approximately 35% opacity. Since the data were obtained
by Reference Method 9, they include observer error. A discussion of

the data analysis is given in chapter 6.
The ontions considered were settina the standard at: (1) the

averaae level of onacitv that corresnonds to thé pronosed mass concen-
tration, (2) the nlus 95% confidence level which considers variations

in 6-minute averages, (3) and at the nlus 99% confidence Jevel which
also considers variations in 6-minute averages. The plus 95% confidence
level was chosen because: (1) the average onacitv would frequentlv

be exceeded even when the particulate matter standard is being met;
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(?) the 99% level would probablv not ensure broner oneration and
maintenance of control equioment; and (3) infreauent excursions above
the 95% level can be accommodated for monitoring and compliance purposes
by propner definition of excess emissions and by collecting a sufficient
amount of data when checking comnliance. Therefore, the onacity
standard that is pronosed is 35% onacity as measured by Method 9.

The majority of the existing recovery furnaces in the industry
use a continuous soot blowing cvcle. According to a furnace vendor,
most new furnaces will also use a continuous soot blowing cycle. For
some smaller furnaces it is more economical to blow soot periodically,
but the cost of alternative continuous blowina is considefed reasonable.
The propnosed standard is based on opacity data from furnaces that

use continuous soot blowing.

Smelt Dissolving Tank

Data were obtained on three of the smelt dissolvina tanks tested
for particulate emissions by EPA. However, the data for each smelt
tank were obtained over two or more pekiods of observation for a
total observation time of onlv about one hour. The steam nlumes
associated with these smelt tanks made it difficult to obtain
readings on the residual nlumes since the plumes tended to mix with

other plumes in the mill orior to the dissipation of the steam.

Therefore, these data are not considered sufficient to support a
visible emission standard. Based on these observations, EPA believes
that an opnacitv standard would in most cases be ineffective. Therefore,

no opacity standard is proposed for this facility.
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Lime Kilns

Visible emissions data were obtained on only one Time kiln tested
for particulate emissions by EPA. The data from this one 1ime kiln
are not considered sufficient to support a visible emission standard.
EPA was not able to obtain opacity data on the residual plumes of
the other Time kilns tested because the nlumes mixed with other plumes
in the mi11 prior to the dissipation of the steam. As with smelt
disso]vihg'tanks, EPA has concluded that an opacity standard for Time
kilns would be ineffective in most situations. Accordingly, no opacity

standard is proposed for 1ime kilns.
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9.7 MODIFICATION AND RECONSTRUCTION CONSIDERATIONS

The pronosed standards would apply to all affected facilities
within a kraft pulo mi1l that are constructed or modified after
the date of pronosal of the standards. Chanaes that could possibly
be considered as modification or reconstruction were presented in
Chapter 5 along with explanations as to the choice of these types
of changes.

The purpose of this section is to identify any exemptions or
special allowances that should be incorporated into the pronosed
standards covering changes to facilities that could be considered
as modifications or reconstructions. The following physical
changes and changes in methad of operation were considered:

(1) Conversion of a direct-contact furnace system to an
indirect-contact system.

(2) Conversion of a Time kiln from burnina ratural gas to
burning oil.

(3) Adding an additional stage. of washing capacity to an
existing brown stock washer system.

There appears to be no reason for excluding any of the above
physical changes or changes in method of operation from the modification
and reconstruction provisions of new source performance standards.
In all cases the costs associated with the modification or reconstruction

are judged to be affordable. The bases used for judging the affordability
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of each case are presented in detail 4in chapter 8, Economic Impact.
No special allowances or exemptions are therefore proposed for

these cases.
Most recovery furnaces at existing kraft mills are not designed

to accept gaseous emissions from brown stock washer systems and
black Tiquor oxidation systems. If a brown stock washer or black
liquor oxication system are modified, reconstructed, or replaced, -
then the gases from these facilities would have. to be controlled
as required by the proposed standards. In this case jt would
mean that these gases would have to be incinerated in a separate
incinerator. This is very costly and requires a significant
amount of fuel. For these reasons new and modified black Tiquor
oxidation and brown‘éfock Washer éystéms located at an existing
kraft mill where the gaseedsremissions from these facilities
cannot be incinerated in an existing recovery furnace because

of technical or economic reasons are exempted from the proposed
standard until the furnace is modified, reconstructed or replaced
so that the gases can be incinerated.

The industry has expressed concern about the proposed standard
covering any black liquor oxidation systems at existing plants.
Their contention is that it is a method of controlling TRS
emissions from the recovery furnace and since black liquor oxidation
systems always result in controlling more TRS emissions than they
create, they should never be covered at existing plants. The

proposed standard accommodates their concerns for the most part,
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According to the industry, very few mills do not have at least
one stage of oxidation. Therefore, most of the black 1liquor oxida-
tion svstem construction will be additions to existina stages. This will he
a modification because of the way that the affected facility is
defined for black 1iquor oxidation systems. Therefore, the
increased emissions of TRS from the added black Tiquor oxidation
tank can be traded off. If a plant would replace an existing
black liquor oxidation system or if one is installed at an
existing plant that previously had none, then the black liquor
oxidation system will be covered only if the black Tiaquor oxida-
tion system gases can be incinerated in the existing furnace.
According to vendors and the industry, most existing furnaces
are not designed to accept black Tiquor oxidation system gas
streams. Whenever the existing furnace is modified, reconstructed,
or replaced with a furnace that can accept these gases, then the
black Tiquor oxidation system gases must be controlled. A1l
black Tiquor exidation systems at new mills must be controlled.

It is EPA's judgment that these provisions for the modifications

or reconstructions of black Tiquor oxidation systems are reasonable.
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9.8 SELECTION OF MONITORING RENUIREMENTS
Under section 114(a) of the Clean Air Act, the Administrator

may require the owner or overator of an emission source to install,

use, and maintain monitoring equioment or methods. EPA has exercised

this authority to require for new source performance standards the

monitorina of nollutant emissions or parameters that are indicators

of pollutant emissions. The monitoring requirements are necessary

to determine whether an affected facility is being overated and

maintained prooerly and ‘alse to aid in determining whether a performance

test should be required. The costs of installing and opberating the

monitorina svstems and devices discussed below are considered reasonahle.

TRS Stack Gas Monitoring

The volume concentration of TRS emissions can be monitored by use
of monitoring systems that meet the proposed instrument performance
specification, ‘There are no process or control device parameters
that are indicators of concentrations of TRS emissions from recovery
furnace systems and Time kilns. Therefore, the gas stream TRS monitoring

system is the omly method of monitoring concentrations of TRS emissions

from these affected facilities, and a requirement for monitoring
of TRS concentrat1ons from the Time kiln and recovery furnace is
proposed. The continuous monitoring system specifications for TRS
monitors are being deve]oped and it is expected that they will be

proposed in the near future and be promu]qated with the kraft mill
standards.

Since the standard for smelt dissolving tanks is exnressed in a
format of pollutant mass per unit of nroduction, the gas flow rate

and the nroduction rate wou]d_have to be measured simultaneously to
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reduce the TRS coneentrations measured bv the monitor to units of

the oronosed standard. Inaccuracies would arise from measuring

velocities continuously, and the production rate cannot be measﬁred
accurately except over relatively long periods of time. The inaccuracies
involved in continuously measuring emissions from the smelt dissolving
tank are felt to be sufficiently large that EPA has determined that the
direct monitoring of TRS emissions from the smelt dissolving tank
is not practical.

Another method exists for continuously monitoring the proper
operation of smelt dissolving tanks to ensure that TRS emissions
are well controlled. TRS emissions from the smelt dissolving tank
are related to the concentration of dissolved sulfides in the smelt
dissolving water and in the water ased in the scrubber. The concen--
tration of the dissolved sulfides could be monitored, but neither
EPA nor the industry have experience with this type of monitoring.
The proposed standards therefore do not require the monitoring of
dissolved sulfides in the smelt dissolving water or the scrubber
water.

TRS concentrations in the effluent gases from an incinerator
that controls TRS emissions can be measured by a continuous monitoring
system. However, there are less costly means of monitoring the proper

operation of incinerators that control TRS emissions.

An EPA test and previous work done on incinerators for kraft
pulp mi1l TRS control have shown that TRS concentrations do not
exceed 5 ppm if a temperature of 1000°F and a residence time of

at least one-half second in the fire box are maintained. Incinerators
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are designed for a particular residence time that will not be
reduced if the incinerator is not operated above its designed
capacity. While it is very cumbersome and costly to measure the
parameters that are necessary to determine the fire box residence
time, the fire box temperature is readily measured and recorded.
EPA has concluded that continuously measuring and recording

the fire box temperature is an effective alternative method of
monitoring the TRS concentrations. If non-condensable aqases

from facilities that are covered by the standard are incinerated
in the recovery furnace or the lime kiln, the TRS monitoring system
on the furnace or the Time kiln will serve to monitor the sources

that are being incinerated. |
Particulate and Visible Emissions Monitoring

Opacity monitors are available that meet EPA's published
specifications for continuous monitoring systems. These monitors
were considered for measuring the opacity of emissions from recovery
furnace systems and 1ime kilns. Opacity monitoring systems on
recovery furnaces are well demonstrated. Therefore, the wse of

a continuous monitoring system is Proposed as a requirement for the

recovery furnace.

EPA and industry have no experience with opacity monitors on Time
kilns. The reason for this is that since most Time kilns use scrubberﬁ,
the interference caused by entrained water'dropIets causes an error
that cannot be corrected. Therefore, the data obtained by the
monitoring system would be questionable, The Agency is therefore

not requiring the continuous monitoring of opacity from Time kilns
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There are other methods of monitoring the nroner oneration and
maintenance of narticulate control devices on 1ime kilns which
are discussed below. |

Opacity monitoring systems cannot be applied to the smelt
dissolvina tank hecause of entrained water and condensed steam
that are nresent.

The device used most freaquentlv to control emissions from
a lime kiln is a venturi scrubber. The nressure drop for the
venturi scrubber and the Tiauid flow rate are indicators of
the performance of the scrubber. Instead of reqdirinq the ‘use
of a continuous onacity monitoring system, the pronosed regulations
require the use of monitorina devices for continuous monitoring
of the nressure loss through the venturi constriction and the
scrubbing liauid supply pressure to the control device. The
performance of the scrubber would therefore be monitored by comparing
the values of the pressure parameters with the va1ués at the time the
performance test for particulate emissions was performed.

The continuous monitoring of the pressure drop and water
flow rate for the low enerqy pressure drop scrubber used to
control particulate matter from the smelt dissolving tank is
required to determine if the scrubber is being properly onerated.

Oxygen Monitoring

The proposed TRS and particulate concentration standards for
the 1ime kiln and the recovery furnace are corrected to 10% and
8% oxygen concentration, respectively, when the oxvgen concentration

is above these levels. The reason for this is that the excess air
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used in the combustion process and the air inleakage into the gases
from these facilities vary and a correction to an oxygen concentration
level is needed. It is EPA's Judgment that an oxygen concentration

of 8 volume percent for the recovery furnace and 10 volume percent

for the 1ime kiln represent excessive process air dilution of the

gas stream. Therefore, the proposed standards require that the
concentrations of particulate matter and TRS from the recovery

furnace and Time kiTn be corrected to 8 and 10 volume percent

oxygen when the oxygen concentrations are above these Tevels.

It is proposed that an oxygen monitor be installed downstream of

the control device so fhat the TRS concentrations that are measured
from the 1ime kiln and recovery furnace can be corrected to 10%

and 8% oxygen, respectively, when the actual oxygen concentrations

are above these levels for the purpose of determining excess emissions.
The oxygen monitor must measure the oxygen concentration on a dry
basis. The specifications for the oxygen monitoring system were

promulgated on Octoper 6, 1975 (40 FR 46240),

Excess Emissions

As specified in section 60.7(b) and (c) of the regulations
(Notification and Recordkeeping), the operator of any source
subject to the proposed standard would be required to maintain
records of the occurrence and duration of any start-up, shutdown,
or malfunction in the operation of an affected faciltty, any
malfunction of the air pollution control equipment, or any periods
during which a continuous monitoring system or monitoring
device is inoperative. A1l excess emissions due to malfunctions,

start-ups or shutdowns, and other excess emissions as defined
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in each applicable subpart, must be reported to EPA for each
calendar quarter. Generally, excess emissions are defined in
terms of the applicable standards. For example, if the standard
for a particular facility is 5 ppm of TRS, four-hour average, then
excess emissions would usually be defined as all occurrences
during the quarter for which 5 ppm TRS, four-hour average, was
exceeded. In some special cases where excess emissions can be
predicted to normally occur at a well operated facility for

a small percentage of the time, this is reflected in the definition
of excess emissions. The definition of excess emissions for

each affected facility at a kraft mill is discussed below.

Recovery Furnace Systems

Excess emissions 6f TRS from a recovery furnace are defined
as all four-hpur averages of TRS concentrations above 5 ppm. EPA
data indicate that a well 6peratéd plant applying best technology
will not exceed a concentration of 5 ppm on a fourfhour average
basis.

Excess emissions of opacity from a recovery furnace are
defined as all six-minute average opacities that exceed 35 percent,
except 5 percent of all the 6-minute averages except those which
occur during start-up, shutdown, or malfunction of the facility
or control device. EPA's analysis of Method 9 data indicates
that there is a 5 percent probability that a six-minute average opacity
will exceed 35 percent when the stack gas emissions are equivalent
to the mass emission standard. It is the Agency's judgment that-

Method 9 data are more variable than transmissometer data. Therefore,
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this data will not be more restrictive when applied to transmissometer
data obtained during monitoring.

Lime Kiln

Excess emfssions of TRS from a Time kiln are defined as all
four-hour average TRS concentrations above 5 ppm except that 6 percent
of all four-hour averages of TRS concentrations except those which
occur during start-up, shutdown or malfunction of the facility
and control device are not considered to be excess emissions if
they are less than 10 ppm. EPA analvzed one month of continuous
TRS monitoring data from a plant that uses the technology on which
the standards are based. The data analvsis showed that when the
facility and control system were properly operated and maintained
there were no four-hour average TRS con-entrations that exceeded
10 percent, and 6 percent of these four-hour average concentrations
were greater than 5 ppm. Therefore, the excess emissions were

determined on the basis of these data.
‘Incineration_

Excess TRS emissions from the incineration of gases from
affected facilities other than lime kilns, recovery furnaces, or
smelt dissolving tanks are defined as all TRS concentrations that
exceed 5 ppm on a four hour average. FPA has concluded that a
well operated incinerator applving hest technology will not exceed

5 ppm on a four.hour average basis except during malfunctions,

start-ups and shutdowns.
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9.9 SELECTION OF PERFORMANCE TEST METHODS

Test methods for the measurement of particulate matter and TRS
emissions from kraft pulp mills are proposed for determining com-
plicance with the proposed standards. EPA Reference Method 5 would
be used for the measurement of particulate emissions. Reference
Méthod 16, "Semicontinuous Determination of Sulfur Emissions from
Stationary Sources," which is being proposed concurrently with the
standards, would be the reference test method for the measurement
of total reduced sulfur (TRS). The performance test methods are
discussed in detail in Appendix D.

Reference Method 16 was develoved specifically for the test
program during the development of the proposed TRS standards for
kraft pulp mills. Several alternative methods were considered
including colorimetry, spectrophotometry, coulometry, and gas
chromatography. The colorimetric method suffers from limited
test ranges, variable collection efficiency, and sensitivity to
1ight and humidity. The use of infrared and mass spectrophotometry
were considered expensive, time consuming, and not suitable for
routine field applications. Split beam ultraviolet spectrophotometry,
more promising for application to kraft pulp mills, was rejected
because of a low end accuracy of 10 ppm, higher than emissions
expected from well controlled facilities. CouTometric titration
has been widely used in the kraft pulping industry as a continuous
monitor. The use of this method as a performance test did not
appear to be as promising, due to the Tesser sensitivity of the unit
compared to gas chromotography. The gas chromotography (GC) method,

combined with analytical determination by the flame photometric
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detector (FPD) has a sensitivity of less than 5 parts per billion,
well below the Tevels expected from well controlled facilities.
Interfering components, carbon monoxide and moisture, can be
selectively removed with a strioper column. The GC/FPD method,

due to the better sensitivity of measurement and ease of appTication
to gas streams in kraft pulp mills, was chosen as the best system
for the measurement of reduced sulfur compounds at kraft pulp mills.

In addition to Method 5 and Method 16, Reference Method 2 for
velocity and volumetric flow rate, Reference Method 3 for gas
analysis, and Reference Method 9 for visible emissions would be
used to determine compliance. These Reference Methods have been
applied to other categories of stationary sources for which new
source performance standards have been develoned, and have been
published in Appendix A to Part 60.

Method 17 is also being proposed as an alternate test method
for the measurement of particulate emissions from recovery furnaces
at kraft pulp mills. This method involves the use of an in-stack
filter, a simpler operation than tRat prescribed in Method 5.

Method 17 was found to have .a consistent relationship with Method 5
which can be used to correct the measured particulate concentration.

The method is presented and discussed in detail in Appendix 0.
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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 Environmental
Impact Statements. This index can be used to identify sections
of the document which contain data and information germane to any

portion of the FEDERAL REGISTER gquidelines.
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APPENDIX C
EMISSION SOURCE TEST DATA SUMMARY

INTRODUCTION

This section presents the summaries of the source tests. and
visible emission measurements cited in Chapter V. Tests were conducted
by EPA at 12 mi1ls and include 9 tests for TRS, 13 tests for narticulate,
and 3 tests for visible emissions. A total of 6 recovery furnaces,
4 smelt dissolving tanks, 4 lime kilns, and one incinerator were
tested by EPA for either particulate, TRS, or both. Emission data
obtained from operators or state agencies are also reported for some
of the facilities. The facilities are identified by the same coding
that is used in Chapter V.

Particulate tests were conducted as specified in Method 5,

“promulgated in the Federal Register on December 23, 1971 (36 FR 24877).

Tests for TRS were conducted using EPA Method 16, "Semicontinuous
Determination of Sulfur Emissions from Stationary Sources," which

will be proposed in the Federal Register at the same time as the

kraft mi1l standards. Visible emission data were gathered by

EPA Method 9, originally promulgated in the Federal Register on

December 23, 1971 (36 FR 24877) and revised on November 12, 1974
(39 FR 39872).

A description of the facilities tested during the study are
presented below. The data presented in this appendix for a facility
is referred to by the appropriate letter.

PARTICULATE EMISSION DATA

Recovery Furnaces:

D. Conventional type recovery furnace designed for equivalent pulp
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production of 602.tons per day. Furnace was operating between

90 and 95 percent of designed capacity during the test period.
Particulate emissions ére-contro]]ed by a wet-bottom electrostatic.
precipitator whiéh has an operating collection efficiency of

99.5 percent.

Low-odor type recovery furnace designed for an equivalent pulp
production of 1100 tons per day. Furnace was operating at

design capacity during the test period. Particulate emissions

are contfo]]ed‘by a dry-bottem electrostatic precipitator which
has a design collection effi;iency of 99.8. Tests J1 were
performéd by EPA. Data J2 weré obtained from the operator.
Low-odor type recovery furnace designed for an equivalent pulp
production rate of'863 tons per day. The furnace was operating

at 74 percent of désign capacity during EPA test period.
Particulate emissions are controlled by a dry bottom electrostatic

precipitator which has a design collection efficiency of 99.5
percent. Data K1 were obtained from EPA tests, while data K2

were obtained from the state agency.

Conventioﬁa] type recovery furnace designed for an equivalent
pulp production of 550‘t6n§ per day. Furnace was operating
16 percent above design capaéity.during EPA test period. The
particulate emissions are control]ed by an electrostatic
precipitator with a design collection efficiency of 99.5
percent. Data L1 were obtained during EPA tests, whf1e data

L2 were obtained from the operator.

Smelt Dissolving Tanks:

D.

Particulate emissions are. controlled by a wet scrubber. Demister

pads are also installed to aid the scrubber. The associated
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recovery furnace operates at an equiVa]ent pulp production rate

of 570 tons per day.

.. Particulate emissions are controlled by a wet scrubber which is

basically a wet fan cyclone. The associated recovery furnace
oberates at an eqﬁiva]ent pulp production rate of 770 tons per day.
Particulate emissions are controlled by a packed scrubber tower.
The.associated recovery furnace operates at an equivalent pulp
production rate of 450 tons per day. Data F1 are results of

tests performed By EPA, while data F2 were obtained from the

state agenﬁy. | |

Particulate emissions are controlled by a packed scrubber tower.
The associated recovery furnace.operates at ah equiva]ent pﬁ]p
production rate of 300 tons per day. Data Gl are results of

tests performed by EPA, while data G2 were obtained from the state

agency.

Lime Kilns:

K.

Rotary 1ime kiln operating at an equivalent pulp production rate

of 320 tons per day. Particulate emissions are controlled by a
venturi scrubber which has an operating pressure drop of 31 to 33
inches of water. The lime kiln was tested by EPA on both No. 6
fuel oil (Data K1) and natural gas (Data K2). Data K3 was obtained
from the state agency.

Rotary lime kiln operating at an equivalent pulp production rate
of 500 tons per day. Particulate emissions are controlled by a

venturi scrubber which has an operating pressure drop of 15 to 18
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inches of water. The Time kiln was tested by EPA on No. 2 fuel

0il (Data L1) and natural gas (Data L2). Data L3 was obtained

from the operator.

Rotary 1ime kiln operating at an equivalent pulp production rate of
about 840 tons per day. Particulate emissions are controlled by a
venturi s;rubber with an operating pressure drop of 18 inches of _
water. The lime kiln was tested by EPA on No. 6 fuel o0il (N1)

and on natural gas (N2).

TRS EMISSION DATA

Incinerator:

The incinerator handles the noncondensable gases from a continuous
digester system and a multiple-effect evaporator system., The
continuous digester was producing 670 tons of pulp per day.

The incinerator was operating at 1000°F with a retention time

for the gases of at least 0.5 seconds. Natural gas is fired in

the incinerator.

Recovery Furnaces:

A.

Conventional type recovery furnace designed for an equivalent
pulp production rate of 657 fohs per day. TRS emissions are
controlled by using black liquor oxidation énd maintaining proper
furnace operation. The furnace was operating near its design
capacity during the EPA test period. Continuous monitoring data
were also obtained from the operator.

Low-odor type recovery furnace designed for an equivalent pulp

production of 300 tons per day. During the EPA testing, the
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furnace was operating at a rate of about 345 tons of pulp per

day. TRS emission; are‘contro]]ed-by eliminating the direct contact
evaporator and maintaining proper furnace operation. Noncondensable
gases from the brown stock washer system are burned in this furnace.
Continuous monitoring data were also obtained from the state agency.
Conventional type recovery furnace designed for aﬁ equivalent pulp
production rate of 602 tons pef day. TRS emissions are controlled
by black liquor oxidation and maintaining proper furnace operation.
Low-odor type recovery furnace operating at an equivalent pulp
production rate of about 200 tons per day. TRS emissions are
controlled by maintaining proper furnace operation. Data were
obtained from the state agency. |

Low~odor type recovery furnace designed for an equivalent pulp
production rate of about 863 tons per day. TRS emissions are
controlled by maintaining proper furnace operation. Data were

obtained from state agency.

Smelt Dissolving Tanks

D.

E.

A wet fan type scrubber is employed to control the particulate
emissions.- Weak Qash liquor is used as the scrubbing médium.

The associated recovery furnace operates at an equivalent pulp
production rate of 570 tons per day.

A wet fan type scrubber is employed to control the particulate
emissions. Fresh water is used as the scrubbing medium. The
associated recovery furnace operates at an equivalent pulp production

rate of 770 tons per day.




Lime Kilns

D.

Rotary 1ime kiln operating at an équivalent pulp production rate

of 570 tons per day. TRS emissions are controlled by maintaining
Proper kiln combustion and proper 11me-mud washing. Noncondensable
gases from thé multiple-effect evaporators are burned in fhe kiln.
Rotary lime kiln operating at an equivalent pulp production rate

of about 770 tons per day. TRS emissions are controlled by
maintaining proper combustion in the Kiln, maintaining proper

Time mud washing, and using a caustic solution in the particulate
scrubber. Noncondensable gases from the digesters, mu]tib]e—effect
evaporators, condensate stripper, and miﬁce]]aneous storage tanks

are burned in the kiln. Continuous monitoring aata wére also obtained
from the operator.

Rotary lime kf]n operating at an equivalent pulp production rate

of about 320 tons per day. TRS'emissions are controlled by main-
taining proper combustion in the kiln and proper lime mud washing.
Noncondensable gases from the digesters, multiple-effect evaporators,

and turpentine system are burned in the kiln.

Rotary 1lime kiln not tested by EPA. Continuous monitoring data
was obtained from the local agency. TRS emissions are controlled

by maintaining process combustion in the kiln..




Table 1 - Particulate and Visible Emission Data .
for Recovery Furnace D

Summary of Results

Run Number 1 2 3
Date - 1973 11/1 11/1 11/2
Test Time - minutes 128 128 128

Production Raté - TPH - - -
Stack Effluent .
Flow rate - DSCFM (X1nnNn) 85 91 80

Flow rate - DSCF/ton - - -

Temperature - °F 321 310 304
Water vapor - Vol. % 30.3 - 31.5 33.6
C0p - Vol. % dry 8.7 9.9 10.2
0, - Vol. % dry 9.8 10.6 10.6
cn - Vol. % dry 0 0 0

Particulate Emissions

Probe and filter catch

gr/DSCF .031 .029 021
gr/ACF .014 .013 .010
1b/hr ' 22.5 22.6 14,7

1b/ton of product - - -

Total catch

gr/DSCE 047 .045 .043
ar/ACF .019 021 .020
1b/hr 30.2 35.3 29.7

1b/ton of product ' - - -

c-7




TABLE 1 (cont.)

Visible Emissions (Normalized toa3.0m stack diameter)

Onacity Number of 6-Minute
Test (%) Averages in Range
1 N-5 )
(11/1/73) 5-1n )
10-15 1
15-20 ]
2N=-25 a
” 25-30 3
(11/1/73) No readings taken
3 0-5 ‘ 1
(11/2/73) 5-10 1
10-15 1

C-8

% of Total



Run Number

Date - 1974
Test Time - minutes
Production Rate - TPH
Stack Effluent
Flow rate - DSCFM (X1nnn)
Flow rate - DSCF/ton
Temperature - °F
Water vanor - Vol. %
~COp - Vol. % dry
0, - Vol. % dry
€0 - Vol. % dry

Particulate Emissions

Probe and filter catch

gr/DSCF

gr/ACF

1b/hr

1b/ton of product
Total catch

gr/DSCF

qr/ACF

1b/hr

1b/ton of product

for Recovery Furnace J'1

1
1/22
162
45.8

99

405

27.2

12.6
6.8
0.1

011
.005
9.4

.21

017
.007
14.0
.31

Summary of Results

2
1/23
162
45.7

93

445
30.7
14.7
4.7
0.1

.018
.007
14.4

.31

03 .

.012
23.6
.52

c-9

3
1/23
162

44.9

91

433

28.5
14.1

5.4

.013
.005

9.9

22

.027
011
21.0
.47

Table 2 - Particulate and Visible Emission Data

4
1/24

162

45.8

9% .

434

29.7
13.4

6.0

.01
.004

8.2 -

18

.02
.008
16.4
.36

1/24
162
45.4

93

430
29.6
14.0
5.2
0.2

.01
.004

.18

.021
.009
17.1
.38

1/25

162
45.5

98

434
28.8
13.1
6.6
0.2

014

.006
11.8

.26

.025
.01

.46




TABLE 2 (cont.)

Visible Emissions (Normalized to a 3.0 m stack diameter)

Opacity Number of 6-Minute
Test (%) Averages in Range % of Total
1 : 0-5 30 55.5
(1722774 5-10 19 35,2
/22/74) 10-15 5 9.3
2 0-5 48 100
(1/23/74) 5-10 n ' 0
3 N-5 . 15 75.0
(1/23/74) 5-10 5 25.0
4 n-5 47 100
(1/24/74) 5-10 b 0
5 0-5 34 85.0
(1/724/74) 5-10 8 15.0
6 0-5 34 97.1
(1/25/74) 5-10 1 2.9



Table 3 - Particulate and Visible Emission Data
for Recovery Furnace J"1

Summary of Results

Run Number 1 2 3 4 5 6

Date - 1974 V.22 1.23 1.23 1.2 1.24  1.25
Test Time - minutes 162 162 162 162 162 162
Production Rate - TPH 45.8 45.7 44.9 45.8  45.4  45.3

Stack Effluent

Flow rate - DSCFM (X1000) 112 106 108 107.. 108 109
Flow rate - DSCF/ton 147 139 - 144 140 143 144
 Temperature - °F 449 403 401 208 400 393
Water vapor - Vol. % 27.9 27.8 29.5 20.0 29.7  29.1
COp - Vol. % dry . 14.9 14.7 11.4 13.2 140 13.2
0, - Vol. % dry 4,7 4.7 8.5 6.1 5.2 6.2
CO - Vol. % dry 0 0.1 0 0 0.2 0

Particulate Emissions

Probe and filter catch

qr/DSCF 058 055 052 057  .051  .052
gr/ACF .024 .024 .022 024 .022  .023
b/hr 56.0  50.5 48.4 51.9 47.0  48.6
1b/ton of product 1.2 1.1 1.1 1.1 1.0 1.1

"Total catch

gr/DSCF 067 063 062 064  .061  .065
qr/ACF | .028 .028 027 028  .026  .028
1b/hr a7 57.5 57.5 59.0 56.8  61.0
1b/ton of product 1.4 1.3 1.3 1.3 1.3 1.4




TABLE 3 (cont.)

Visible Emissions (Normalized to a 3.0 m stack diameter)

Opacity Number of 6-Minute
Test (%) Averages in Range % of Total
1 0-10 0 )
(1722/74) 10-20 5 9.3
20-30 22 40.7
30-40 27 50.0
40-50 0 0
2 0-10 0 0
(1/23/74) 10-20 1 2.1
20-30 2 4.2
3n-440 23 47.9
40-50 22 45.8
3 0-10 0 0
(1/23/74) 10-20 1 30.6
20-30 12 33.3
30-40 12 33.3
40-50 1 2.8
4 0-10 0 0
(1/24774) 10-20 1 2.9
20-30 6 17.1
30-40 18 51.4
40-50 10 28.6
5 a-10 0 0
(1724774 10-20 0 0
20-30 h 15.2
30-40 24 72.7
40-50 4- 12.1
6 0-10 0 0
(1/25/74) 10-20 0 0
20-30 5 13.2
30-40 14 36.8
40-50 17 44,7
50-60 2 5.3

C-12




Table 4 - Particulate Emission Data‘for Recovery Furnace KI

Summary of Results

Run Number 1
Date - 1974 2/2
Test Time - minutes 224

Production Rate - TPH -
Stack Effluent
Flow rate - DSCFM (X10N1) 147,928
Flow rate - DSCF/ton -

Temperature - °F 338
Water vapor - Vol. % 21.5
CO2 - Vol. % dry 8.9
0, - Vol. % dry 9.9
€0 - Vol. % dry 0

Particulate Emissions

Probe and filter catch

ar/DSCF | ~.003
gr/ACF .001
Tb/hr 3.2

1b/ton of product -

Total catch

gr/DSCF .008
ar/ACF .004
1b/hr 9.8

1b/ton of product -

2
2/13
224

-

148,427
349
22.8
9.7

9.8

.003
.002
4.0

.01
.006

13.7

2/14
448

159,325
361
23.1
9.6

9.7

.002
.001
3.4

.005
.002
6.2

2/15
162

5 .
2/18
336

160,461 148,142

347
22.1
8.9
10.0

.002
.001
3.0

.009
.005

12.0 -

345
22.9
8.5
10.5

.003
.001
3.5

011
.006
14.5




Table 5 - Particulate and Visible Emiésion Data for
Recoveyy Furnace L1

Summary of Results

Run Number 1 2 3 4 5 6
Date - 1974 3.7 5/8 5/9 5/10  5/13 5/14

Test Time - minutes 288 240 240 240 240 240
Production Rate - TPH |

Stack Effluent

 Flow rate - DSCFM (X1000) 112 118 M3 114 1200 115

Flow rate - DSCF/ton

Temperature - °F 301 293 307 304 291 276
Water vapor - Vol. 4 31.9 29.6 32.6 32.3  32.1  32.4
COp - Vol. % dry 13.5 11.3 9.5 8.7 9.1 9.0
0, - Vol. % dry 5.4 6.9 8.2 8.9 8.2 6.2
CO - Vol. % dry 1.4 1.4 2.3 1.9 2.2 3.8

Particulate Emissions

Probe and filter catch

qr/DSCF .014 012 012 016 .015 014
gr/ACF .007 .006 .006 .006 .008 .007
1b/hr ' 13.9 12,2 12.8 1.7  15.5 15.8

Tb/ton of product

Total catch

gr/DSCF .046 .048 .044 .03¢  .063  .056

gr/ACF _ .022 .024 .021 .016 .03 .05
1b/hr 45 49 .43 33 62 105

1h/ton of product




TABLE 5 (cont.)

Visible Emissions (Normalized to a 3,0 m stack diameter)

Opacity Number of 6-Minute
Test (%) Averages in Range % of Total
R-7 0-5 31 41.3
(5/7/74) 5-10 44 58.7
R-8 0-5 46 61.3
(5/8/74) 5-10 28 38.7
R-9 n-5 30 63.8
(5/9/74) 5-10 17 36.2
R-10 ~0-5 Y 61.2
(5/10/74) 5-10 26 38.8
R-11 0-5 46 63.0
(5/13/74) 5-10 25 37.0
R-12 n-5 45 52.3
(5/14/74) 5-10 41 47.7




Table 7 - Particulate and Visible Emission Data for SmeTt Dissolving Tank D

(continued)
Opacity Number of 6-Minute
Test (%) Averages in Range % of Total
1 0-5 6 100
5-10 0 0
2 0-5 6 100
5-10 0 0



Table 8 - Particulate Emission Data for Smelt Dissolving Tank E

Summary of Results

Run Number 1 2 3

Date - 1973 9/18 9/19 9/19
Test Time - minutes 120 120 120
Production Rate - TPH 30.1 34.1 34.1

Stack Effluent

Flow rate - DSCFM (X1nnn) 19,542 18,760 18,720

Flow rate - DSCF/ton 38,954 33,009 32,938
Temperature - °F 150 151 153
Water vapor - Vol. % 23,8 25.8 26.5
COp - Vol. % dry 0.3 0.2 0.2
05 - Vol. % dry 21.8 21.3 21.3
Co - Vol. % dry 0.2 0.1 0.1

Particulate Emissions

Probe and filter catch

qr/DSCF 024 06 .023
ar/ACF .015 ~.016 .014
1b/hr 4,0 4.1 3.6
1b/ton of product 0.133 . 0.12 0.106

Total catch

gr/DSCF .037 .036 .035

qr/ACF .024 .023 .021

1b/hr 6.2 5.8 5.6

b/ton of product 0.206  0.17 0.164
C-19




Table 9 - Particulate and Visible Emission Data for Smelt Dissolving Tank F1

Summary of Results

Run Number 1 2 3
Date - 1973 10/11 10/12 10/12
Test Time - minutes 220 220 220
Production Rate - TPH 17,5 18.8 191

Stack Effluent

Flow rate - DSCFM (X100n) 3710 3600 3420
Flow rate - DSCF/ton 12,720 11,489 10,743
Temperature - °F 174 180 177
Water vapor - Vol. % 44.8 47.4 47.8
CO2 - Vol. % dry 0.0 0.2 0.2

0, - Vol. % dry .20.6 19.8 19.8

CO0 - Vol. % dry - - -

Particulate Emissions

Probe and filter catch

qr/DSCF | 114 147 129
gr/ACF .053 .062 ,056
1b/hr 3.6 4.4 3.8

1b/ton of product .206 _.231 .198

Total catch

gr/DSCF RS P IR 136
aqr/ACF .056 . .065 .059
1b/hr 3.8 4.6 4.0

1b/ton of product 218 244 .208
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Table 9 - Particulate and Visible Emission Data for Smelt Dissolving Tank F1

(continued)
Opacity Number of 6-Minute
Test (%) Averages in Range % of Total
1 0-5 9 100
5-10 : 0 0
C-21




Table 10 - Particulate and Visible Emission Data for Smelt Dissolving Tank G1

Summary of Results

Run Number ' 1 2 3 4
Date - 1973‘ o 10/16 10/]8 _10/19. 10/20
Test Time - minutes 180 180 180 180

Production Rate - TPH - 12.3 . 10,5 10.4 12.4
Stack Effluent _ .
Flow rate - DSCFM (X1nnn) 35170 5280 5470 4840

Flow rate - DSCF/ton 25,220 30,171 31,558 23,419
Temperature - °F 160 168 167 - 165
Water vapor - Vol. % 35.1 35.1 37,7 34.2
002.— Vol. % dry 0 0 0 | 0

02 - Vol. % dry .20.6 20.7 21.0 20.8

CO - Vol. % dry C- - ' - , -

Particulate Emissions

Probe and filter catch

qr/DSCF . : .043 .066 .054 .061
gr/ACF .024 .037 .05 .034
1b/hr 1.9 © 3.0 4.4 2.5
1b/ton of product .155 .286 L422 .205

Total catch

gr/DSCF : .049 .071 .096 ;069_
qr/ACF .028 .04 051 . .037
Tb/hr , 2.2 3.2 4.5 2.8

Tb/ton of product 177 .308 433 .223
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Table 10 - Particulate and Visible Emission Data for Smelt Dissolving Tank G1
(continued)

Opacity Number of 6-Minute
Test (%) Averages in Range % of Total
1 0-5 2 100
2 0-5 10 100

c-23




Table 11

ADDITIONAL PARTICULATE EMISSION DATA FOR
SMELT DISSOLVING TANKS*

Concentration Emission Rate
Date gr/dscf 1b/hr — 1b/ton
Smelt Dissolving Tank F2
Low 8/12/73 - _ - 0.08
High 9/17/73 - - 0.48
Avérage 0.19
Smelt Dissolving fank G2 _
Lew 9/11/73 0,037 - 0.13
High 1173 0.075 - 0.4
Average : 0.056 - 0.21

*Tested by operators using Washington State sampling train (in-stack filter
and impingers) _ :

C-24




Table 12 - Particulate Emission Data for Lime Kiln KI

Summary of Results

Run Number 1 2 3
Date ~ 1974 2/12 | 2/13 2/14
Test Time - minutes 120 120 120
Production Rate - TPH 0.1 0.1 0.1

Stack Effluent
Flow rate - DSCFM (X1000) 14,755 14,292 13,165

Flow rate - DSCF/ton - - -

Temperature - °F 151 151 151
Water vapor - Vol. % 25.2 24.3 25.5
€0y - Vol. % dry 9.8 11.5 11.5
0, - Vol. % dry s 105 10.9
co - Vol. % dry 0 0 0

Particulate Emissions

Probe and filter catch

qr/DSCF .108 .097 .102
gr/ACF .07 .064 .066
1b/hr 13.7 11.9 11.6

1b/ton of product - - -

Total catch

gr/DSCF - B L .105.. 116
qr/ACF | .073 .069 .076
1b/hr 14.3 12.8 13.1

1b/ton of product - - -
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Table 13 - Particulate Emission Data for Lime Kiln K2

Summary of Results

Run Number 1 2
Date - 1974 2/14 2/14
Test Time - minutes _ 120 120
Fuel _ Gas Gas

Stack Effluent
Flow rate - DSCFM (X1000) 13,806 11,560
Flow rate - DSCF/ton - -

Temperature - °F 156 152
Water vapor - Vol. % 27.0 424.5
C0p - Vol. % dry 9.8 9.7
0, - Vol. % dry 10.9 10,9
CO - Vol. % dry _ 071 0

Particulate Emissions

Probe and filter catch

ar/DSCF : .06 .037
gr/ACF 038 .024
1b/hr 7.1 3.7

1b/ton of product - -
Total catch

gr/DSCF .089 .064
qr/ACF - .056 .042
Tb/hr - 10.6 6.4
1b/ton of product ' - -
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Tahle 14 - Particulate and Visible Emission Data for Lime Kiln L1

Summary of Results

Run Number 1 2 3

Date - 1974 5/2 5/2 5/3.

Test Time - minutes 144 144 144
- Fuel 011 011 011

Stack Effluent

Flow rate - DSCFM (X1001) 14,663 15,214 14,984
Flow rate - DSCF/ton C - - -

Temperature - °F 17 _.168 169

Water vapor - Vol. % 41,0 38.5 39.0
CO2 - Vol. % drv 20.7 20.7 21.6
0, - Vol. % dry 3.2 3.2 3.0

CO - Vol. % dry .3 .3 .9

Particulate Emissions

Probe and filter catch

qr/DSCF .25 .261 .233

gr/ACF - .128 .137 121
1b/hr : ' 32,0 34.1 29.9
1b/tan of product - - -

Total catch
gr/DSCF - .259 274 .237

ar/ACF - | 13 143 123
1b/hr 32.5 35.7 30.5

Th/ton of product - - -
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Table 14 - Particulate and Visible Emission Data for Lime Kiln L1

(continued)
Opacity Number of 6-Minute
Test (%) Averages in Range % of Total

1A 0-5 0 0
5-10 21 100

1B 0-5 0 0
5-10 23 100

2A 0-5 0 0
5-10 20 100

28 R ——  STEAM INTERFERENCE ——

3A 0-5 0 0
5-10 16 100

38 2 —— STEAM INTERFERENCE ——
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Table 15 - Particulate and Visible Emission Data for Lime Kiln L2

Summary of Results

Run Number 1 2 3

Date - 1974 4/30 5/1 5/1
Test Time - minutes 144 144 144
Fuel Gas Gas Gas

Stack Effluent
Flow rate - DSCFM (X19MM) 15 170 15,761 14,453

Flow rate - DSCF/ton - - -

Temperature - °F 170 163 171
Water vapor - Vol. % 41.0 34.5 41.0
C0p - Vol. % dry S 17.1 16.8 18.0
Op - Vol. % dry 3.4 1.9 2.8
€O - Vol. % dry 0 | 0.1 0

Particulate Emissions

Probe and filter catch

qr/DSCF .033 .026 .021
gr/ACF .016 ~014 011
1b/hr 4.3 3.5 2.7

1b/ton of product - - -

Total catch

gr/DSCF .037 .031 .028
ar/ACF .019 .017 .014
1b/hr 4.8 4,2 3.4

1b/ton of product - - -
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Table 15 - Particulate and Visible Emission Data for Lime Kiln L2

(continued)
Opacity Number of 6-Minute
Test (%) Averages in Range % of Total
4A 0-5 0 0
5-10 13 100
48 > T STEAM INTERFERENCE ———
5A 0-5 0 0
5-10 7 33
10-15 14 67
5B g:?o ~—— STEAM INTERFERENCE ——
6A 0-5 0 0
5-10 0 0
10-15 22 100
68 - ~—— STEAM INTERFERENCE ——
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Table 16 - Particulate Emission Data for Lime Kiln NI

Summary of Results

Run Number 1 2 3
Date - 1974 9/19 9/19 9/20
Test Time - minutes 120 120 120
Fuel : 011 011 071

Stack Effiluent
Flow rate - DSCFM (X1nnN) 21,159 25,575 - 33,475

Flow rate - DSCF/ton - . - -

Temperature - °F 148 152 149
Water vapor - Vol. % 36.5 32.6 3673
C0p - Vol. % dry 13.8 14.8 19.3
0, - Vol. % dry 7413 4.7
¢0 - Vol. % dry 0,1 0.4 0.5

Particulate Emissions

Probe and filter catch

ar/DSCF .031 .092 .095

gr/ACF .02 .057 .06
1b/hr 5.6 20.1 27.1

1b/ton of product - - -

Total catch

gr/DSCF .06 .107 .123
gr/ACF .039 .067 .08
1b/hr 10.9 23.5 - 36.0

1b/ton of product - - -
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Table 17 - Particulate Emission Data for Lime Kiln N2

Summary of Results

Run Number 1 2 3
Date - 1974 9/17 9/18 9/18
Test Time - minutes 3 120 120 120

Fuel Gas Gas Gas
Stack Effluent
Flow rate - DSCFM (X10nn) 24,054 22,302 24,964

Flow rate - DSCF/ton - - -

Temperature - °F 155" 151 154
Water vapor - Vol. % 41.2 41.0 39.0
CO2 - Vol. % dry 16.9 10.4 15.9
0, - Vol. % dry 4.8 7.8 5.7
CO - Vol. % dry 0.7 0i7 0.3

Particulate Emissions

Probe and filter catch

ar/DSCF .107 .034 .048
gr/ACF .063 .021 .029
1b/hr T 22.6 6.6 10.3

1b/ton of product - - -
Total catch

gr/DSCF 156 113 .086
gr/ACF .092 .069 .052
1b/hr 32,2 21.5 18.3

1b/ton of product - : - -
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Table 18

ADDITIONAL PARTICULATE EMISSION DATA
FOR LIME KILNS

Concentration Emission Rate
Date gr/dscf 1b/hr  1bh/ton
Lime Kiln K3*
Low 10/29/73 .014 1.0 0.1
High 2/26/73 .073 5.3 .62
Average .045 3.5 .26
. Lime Kiln L3**
Low, 11/8/73 L0172 2.4 -
High 11/8/73 ' .066 9.2 -
Average .041 5.2 -

*Tested by operators using Washington State sampling train (in-stack
filter and impingers).

**Tested by operator using total EPA sampling train.
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Table 19 - TRS Emissions from Separate Incinerator

~Summarv of Results

Run Number 1 2 3 4
Date - 1972 10/5 10/6 10/7 12/13
Test Time - minutes 240 240 240 240

Production Rate - TPH B - - -
Stack Effluent
Flow rate - DSCFM (X1n0n) 2610 2223 - 2302 -

Flow rate - DSCF/ton - - - -

Temperature - °F 805 805 805 -
Water vanor - Vol. % 6.3 4.3 5.4 -
CO2 - Vol. % dry 2.6 2.4 2.1 9.0
0p - Vol. % dry . 1.8 120 12.7 15.7
CO - ppm ' 0 0 0 0

TRS Emissions

ppm 2.8 0.4 1.6 0.9
1b/hr 1.5 0.2 0.6 0.4

1b/ton of pulp 0.06 0.007 0.02 0.02

S0o Emissions

nnm 25 306 1050 .
1b/hr 9.4 96.9 358 -
1b/ton of nulp 0.4 3.8 13.9 -

C-34




Table 20 - TRS Emissions from Recovery Furnace A

Summarv of Results

Run Number 1 2 3 4 5 6
Date - 1972 - 6/3 6/4 6/5 6/6 6/7 6/8
Test Time - minutes 240 240 240 240 240 240

Production Rate - TPH - - - - - -
Stack Effluent
Flow rate - DSCFM (X10nn) 142 - 145 148 - -

Flow rate - DSCF/ton - - - - - -

Temperature - °F 314 - 304 303 - -
Water vanor - Vol. % 25.5 - 25.3 21.9 - -
C0p - Vol. % dry 10.4 8.2 10.7 11.8 12.9 11.
0p - Vol. % dry 10.7 .4 1.4 0.1 10.1 9.9
O - ppm 153 93 84 95 102 51

TRS Emissions

pom 2.0 1.4 1.4 1.5 0.7 1.6

1h/hr 1.5 1.1 1.1 1.2 0.6 1.2
1b/ton of nulp - : - _ - - -

S0, Emissions

ppm 45 _ 116 79 118 50 119
1b/hy 85.0 - - - - -
1b/ton of nulp
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Table 21 - TRS Emissions from Recovery Furnace B

Summarv of Results

Run Number 1 2 3 4 5 6
Date - 1972 7/13 7/14 7/15 718 7719 7720
Test Time - minutes 240 240 240 240 240 240

Production Rate - TPH - - - - - -
Stack Effluent
Flow rate - DSCFM (X1nnn) 85 84 86 - - -

1
]
1
1
1
|

Flow rate - DSCF/ton
Temperature - °F 395 400 . 415 - - -

Water vapor - Vol. % - - - - - -

CO» - Vol. % dry - 12.3 12.4 12.7 . 12.0 12.4
07 - Vol, % dry _ 8.1 7.6 - 7.7 8.0 8.0
CO - ppm : 0 0 0 0 0 0

TRS Emissions

ppm . 1.6 0.2 0.5 0.3 0.4 0.3
Tb/hr 0.7 0.1 0.2 0.2 0.2
Tb/ton of pulp* .05 .01 .02 .01 .01 .01

S0, Emissions

nom 0.9 - - - - -

1b/hr - - - - - -

Th/ton of nulp - - - - - -

* Based on 334.5 ATDP/day




- TRS Emissions from Recovery Furnace D

Summarv of Results

Run Number 1 2 3 4 5
Date - 1972 : 11/11 11/12 11/13 _ 11/14  11/15
Test Time - minutes 240 240 240 240 240

Production Rate - TPH - : - - - -
Stack Effluent _
Flow rate - DSCFM (x1nnn) 73.2 73.2 73.2 73.2 73.2
Flow rate - DSCF/ton
Temperature - °F
Water vanor - Vol. % 35 35 35 35 35
COp - Vol. % dry
02 - Vol. % dryv
CO - ppm

TRS Emissions

opm ‘ 3.1 2.8 3.9 7.0 2.8
Tb/hr 55.1 48.9 53.7 12.5 6.0
1b/ton of nulp - - - - -

50» Emissions

pom 15.5 1.0 - 22.9 5.0 14.2
1b/hr 162 10 239 52 149

1b/ton of nulp - - - - -
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Table 23

ADDITIONAL TRS EMISSION DATA
FOR RECOVERY FURNACES*

. Recovery Furnace A § Recovery Furnace B
TRS Concentration TRS Concentration
(ppm, daily average (ppm, daily average

basis) basis)

Month Maximum Average Month Maximum Average
July 1971 6.0 | 3.1 April 1972 1.4 0.7
Aug. 20.0 2.4 May 2.3 1.2
Sept. 5.0 1.5 June 2.8 1.5
Oct. 10.9 2.8 July 4.6 1.1
Nov. 4.4 1.3 Aug.- 5.0 1.5
Dec. 9.8 1.8 Oct. . 0.7
Jan. 1972 .5 .1.6 Nov. 0.7 0.4
Feb, 3.3 1.3 Dec. 1.0 0.7
March 2.5 1.0 Jan, 1973 1.5 0.8
April 5.3 2.0 Feb. 2.6 1.0
May 5.5 2.1 March 2.4 0.9
June 8.2 3.8 - April 1.5 0.8
July 9.8 3.7 May | 1.6 1.0
Aug. 9.0 3.3 ‘June 1.9 1.1
Sept. 4.9 2.9 ay 1.6 1.0
Oct. 6.1 2.2 Aug. 3.1 1.2

Sept. 1.8 0.8
Oct. 2.0 0.9
Nov. 1.6 0.8
Dec. 3.4 1.6

*Tested by operators using barton titrators.
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Table 23 (cont.)

ADDITIONAL TRS EMISSION DATA
FOR RECOVERY FURNACES

Recovery Furnace A Recovery Furnace B
TRS Concentration TRS Concentration
(ppm, daily average (ppm, daily average
basis) basis)

Month Maximum Average Month Max imum Average

Jan. 1974 1.4 0.8

Feb. 1.9 1.3

March 5.0 1.6

April 2.4 1.2

May 1.8 1.0

June 1.5 1.0
Recovery Furnace H Recovery Furnace K
TRS Concentration TRS Concentration
(ppm, daily average (ppm, daily average
basis) basis)

Month Maximum Average Month - Maximum Average
April 1972 3 2.1 Aug. 1973 6.2 1.0
May 4 2.1 Sept. 32.0 5.2
June 7 3.5 Oct. 7.3 2.4
June 1972 8 3.1 Nov. 17.0 4.1
July 4 2.4 Dec. 1.2 0.7
Aug. 4 1.9 Jan. 1974 1.8 0.6
Sept. 2 1.3 Feb. 2.4 1.0
Oct. 6 1.8 March 9.7 2.3

April 3.0 1.4
May 3.4 1.4




Table 24 - TRS Emissions fror Smelt Dissolying Tank D

Summarv of Results

Run Number 1 2 3

Date - 1973 10731 11/1 11/2
Test Time - minutes 240 240 240
Production Rate - TPH 25.1 25.9 25,6

Stack Effluent
Flow rate - DSCFM 9000 8880 9400
Flow rate - DSCF/ton 21514 20571 22031
Temnerature - °F | '
Water vanor - Vol. % 37 41 40
COp - Vol. % dry
02 - Vol. % dry
CO - ppm

TRS Emissions

pom 8.1 8.8 6.9
1b/hr 0.43 ©0.44 0.38
1b/ton of pulp 0.017 0.017 .015
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Table 25 - TRS Emissions from Smelt Dissolving Tank E

Summayryv of Results

Run Number 1 2 3
Date - 1973 9/18 9/19 9/20
Test Time - minutes 240 240 240
Production Rate - TPH 30.1 34,1 31.3

Stack Eff]uent
Flow rate - DSCFM 19542 18740 19100
Flow rate - DSCF/ton 38954 32974 36613
Temperature - °F
Water vapor - Vol. % 26 26 23.3
COp ~ Vol. % dry
02 - Vol. % dry
CO - ppm

TRS Emissions

ppm 2.4 1.9 2.7
1b/hr 0.27 0.20 0.28
1b/ton of pulp 0.009 .006 .009
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Table 26 - TRS Emissiqns from Lime Kiin D

Summarv of Results

Run Number ] ? 3 4 5 6
Date - 1973 11/5 - 177 11/7 11/7 . 11/8 11/8
Test Time - minutes 240 240 240 240 240 240

Production Rate - TPH
Stack Effluent
Flow rate - DSCFM (X1nnn)
Flow rate - DSCF/ton
Temperature - °F
Water vapor - Vol, % 43 35 40 38 41 31
C0p - Vol. % dry
02 - Vol. % dry
CO - ppm
TRS Emissions
pom 3.5 24.1 2.8 5.7 4.6 17.8

1b/hr

1b/ton of pulp
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Table 27 - TRS Emissions from Lime Kiln E

Summarv of Results

Run Number B 2 3 q 5 6
Date - 1973 9/24 9/25 8/26 9/26 9/27 9/27
Test Time - minutes _ 240 . 240 240 240 - 240 240

Production Rate - TPH

Stack Effluent
Flow rate - DSCFM (X1nnn)
Flow rate - DSCF/ton

Temperature - °F

Water vapor - Vol. % 76.1 61.3 71.9 59.9 56.4 72.0

COp - Vol. % dry 9.4 10.2 10.0 9.8 8.2 9.8

02 - Vol. % dry 13.2 11.0 12.2 12.0  13.1  11.8

CO - Vol. % dry 0.2 0.2 0.1 0.3 0.1 0.2
TRS Emissions

oom | 1.7 0.8 0.5 0.4 0.3 0.5

1b/hr

1b/ton of pulp
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Table 28 - TRS Emissions from Lime Kiln K

Summarv of Results

Run Number 1 2 3 4 5 6
Date - 1974 4/5 4/5 4/9 4/9 4/10 4710
Test Time - minutes 240 240 240 240 240 240

Production Rate - TPH - _ - - - - -
Stack Effluent
Flow rate - DSCFM (x1nnn) 13.8 13.8 14.0 13.4 13.6 14.2

Flow rate - DSCF/ton - - - - - -

Temperature - °F 142 142 146 152 155 154

Water vapor - Vol. ¢ 21.8 21.8 22.9 26.0 25.8 26.8
0z - Vol. % dry 13.0 13.0 14.2 14,2 146 14.2
02 - Vol. % dry 7.6 7.6 7.1 7. 6.4 7.2

€O - ppm 0 o 0 0 0 0

TRS Emissions

ppm . 4.6 12.0 4,5 4.8 4.0 5.2

1b/hr 0.34 0.88 0.33 0.34  0.29 0.39
1b/ton of pulp - -

S0o Emissions

pom 52 42 25 18 16 37
1b/hr - 7.2 5.8 3.5 2.4 2.2 5.2
1b/ton of nulp - - - - - -
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Table 29

ADDITIONAL TRS EMISSION DATA
FOR LIME KILNS*

Lime Kiln E Lime Kiln 0
TRS Concentration TRS Concentration
(ppm, daily average) I (ppm, daily average)
Maximum Average i Month Maximum Average
1.4 0.3 Jan. 1973 14 6.8
3.4 0.7 Feb, 20 9.3
2.1 0.4 March 14 7.6
1.4 0.3 April 32 9.6
10.1 1.5 May 16 4.7
7.1 1.0 June 10 3.4
5.9 0.8 July ' 9 4.5
8.9 1.0 Aug. 12 3.8
3.4 0.6 Sept. 17 5.0
2.6 0.2 Oct. 34 8.2
0.7 0.1 Nov. 12 - 5.7
3.1 0.6 Dec. 22 9.8
2.9 0.7 Jan, 1974 30 17.9
Feb. 33 21.1
March | 30 19.3
April 40 16.2
May 25 12.3

Average = 9.7

*Tested by operators using barton titrators.
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APPENDIX D
EMISSION MEASUREMENT

Test methods for the measurement of particulate and TRS
‘emissions from kraft pulp mills are specified as a means of
determining compliance with the proposed standards. The sampling
and analytical techniques associated with each method are discussed
in this section.

EPA Standard Method 5 is used for the measurement of particu-
late emissions from the recovery furnace, the smelt dissolving
tank, and the lime kiln. The provisions of this method were

promulgated in the Federal Register on December 23, 1971 (36 FR

24877) .

The reference test method for measurement of TRS emissions
from kraft pulp mills is Method 16, "Semicontinuous Determination
of Sulfur Emissions from Stationary Sources." The provisions of

this method will be proposed in the Federal Register at the same

time as the proposal of the new source performance standards
for kraft pulp mills.

1. Particulate Sampling

Recognizing that there is probably no universal, absolutely
accurate methods of particulate sampling, and that all available
methads will likely give varying results for any single test, the

reasoning for the selection of Method 5 as the test method to determine
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compliance with the Proposed particulate standards for kraft

recovery furnaces, lime kilns, and smelt dissolving tanks is presented

below:

For particulate matter emissions in stacks, EPA relies primarily upon

Hethod 5 for gatiering the ew source performance standard data base,

Method 5 provides detailed sampling methodology; for example, the selection

of the site at which to sample stacks or ducts is tightly controlled,

along with the number of sample points and fhe method by which the sampling
probe will traverse the area to be sampled. Method 5 equipnent and
procedures provide a means for realtime isokinetic sampling and for
verification ‘that iéokinetic sampling was maintained within acceptable
Timits. Few other commonly. accepted methods prov1de this level of detail,
which s necessary to m1n1m1ze subgect1ve1y, and to ensure reproducibility
and representativeness of test results.

Since part1cu]ate matter is not an absolute quantity, but rather,
is a funct1on of temperature and: pressure, it is necessary that part1cu]ate.
sampling methods take these parameters into account. Method 5, which
inc]udes_an out-of-stack filter, provides a means for controlling temperature,
Pressure within Lhe sampling train exerts essentially no effect on nnd1cated

results. Although selection of temperature can be varied from industry to




industry, a sampling temperature of 250° is used for most industrial
sources. Reasons for selection of 250° include:

a. Filter temperatures must be held above 212°F at sources where moist
gas streams are preéent. Below 212°F, condensation can occur and result
in plugging of filters and possible gas/liquid reactions.- A desﬁgn
temperature of 250° allows for expected temperature variation within the
train, without dropping below 212°.

b. Systems of emission reduction capable of controiling matter
which exists in particulate form at 250° can be employed on most industrial
processes.

c. Adherence to one established temperature (even though some varia-
tion will be needed at some source categories) a11ows.comparfson from
source category.‘ This (11m{ted) standardization is of benefit to equip-
ment vendors and to source owners not subject fo SPHSS because it brovides
a certain predictfve capability, i.e., by sampling at 250°, results can be
mbtéined which will in most cases'be comparable to SPNSS development data.
In-stack filtration, by comparison, takes place at stack temperature, which
usually is not constant from one source to the next. Since the temperature
varies, in-stack filtration does not hecessari]y provide a conéistant
definition of particulate matter.

Method 5 was used to obtain the data base for particulate emission

standards for kraft m1]1 recovery furnaces, Time k11ns, and smelt dissolving

tanks. Consequently, Method 5 is recommended for use as the reference

compliance method.

'Samp]ing problems. Since control devices of kraft recoVery furnaces, lime
kilns, and smelt dissolving tanks are generally followed by duct work and a

stack, no special problems are anticipated.
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evaporators, washer systems, oxidation systems, and concensatg strippers)
are characterized by high temperatures and moist, particulate-laden effluent
Sstreams. |

After- careful consideration, it was determined that an additive total
reduced sulfur (TRS) standard, reflecting all sulfur compounds present
ninus 502, was desired. Considering this and the previously mentioned
source conditions, a field method which could measure reduced sulfur com-

pounds, either individually or collectively, was sought.

a. Methods Surveyed. A review.of the 1jterature revealed that
analytical methods fell into four main categories: colarimetry, direct
spectrophotometry,-éou]ometry, and gas chromatography. Although most of
the methods surveyed were developed for measurement of ambient concentrations,
this did not preclude their-possib1e application to the measurement of stack
emissions. | _

(]) Colorimetry. A samb]e is bubbled through a solution which selectively
absorbs fhe component or components desired. The abscrbed compound is then
reacted with specific reagents to form a characteristic color which is
measured spectrophotometrically.

An example of a colorimetric method is the methylene blue method
wivich involves the absorption of TRS compounds in an alkaline shspension
of cadmium hydroxide to form a cadmium sulfide precipitate. The precipi-
tate is then reacted with a strong acidic solution of N, N, dfmethy]-P—
pheny]ene-diaminé and ferric. chloride to give methylene b]ge, which is
measured spectrophotometrically. Automated sampling and analytical trains

using sequential techniques are available for this procedure., nInhereﬁt
deficiencies for stack sampling applications include variable co]Tection

efficiency, range Timitations, and interferences from oxidants.
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Another colorimetric method is the use of paper tape samplers
impregnated with either lead acetate or cadmium hydroxide. These compounds
react specifically with HZS and the resultant colored compound can be
measured directly with a densitometer. -Tape samplers would not be
appropriate for all TRS compounds unless they were all reduced quantitatively
to HZS' In addition, the rénge is limited and the method suffers from 1light
sensitivity, fading, the necessity for precise humidity control, and

variability in tape response.

(2) Spectrophotometry. The ust of infrared and mass spectrophotometry
and other sophisticated spectroscopic methods for analysis of individual odorants
is well established. However, these methods were considered expensﬁve, time
consuming, and not suitable for routine field applications.

One promising method in this area was split-beam ultraviolet spectro-
photometfy, which utilizes the strong absorption of ultraviolet radiation
at 582 mm by SOZ' In this method the gés sample is mixed with air, filtered
and split into two streams. One stream passes through a catalytic oxidation
furnace where sulfur constituents are oxidized to SO2 and then througn an
optical cell where 1ts.absorbance is measured: The second stream passes
through a dummy furnace and then into a reference optical cell. The dif-
ference in absorbance values between the two cells is a measure of the non -
502 sulfur constituents in the sample stream. The system 15 capable o%
SOZ/TRS concentrations in the range of 10 to 2500 ppm. Since we11;con-
trotled kraft mill sources fall below the minjmum range of 10 ppm, this
method wasvcohsidered not applicable.

(3) Coulometry. Qouiometric titration is based on the principle of
electrolytically generating a selected t%trant in a titration cell. The

titrant may be a free halogen (bromine or jodine) in aqueous solution as
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an oxidizing agent, or a metal-ion (silver), as g reducing agent. . The
electrolytic- current requﬁfed to genecrate the titrant, as it js consumed,
is a ]1near measure of the concentration of reactive compounds in the gas
sample.,

The brom1ne coulometric titrator has been w1de]y used by the kraft
industry as a continuous process monitor for a number of years, Its
d15t1nct advantage over other cou]ometr1c devices is jts ability to respond
to a large variety of a]ky]su]f1des, mercaptans, and thioethers, as well
as H25 and 502. However, the response to each compound is different, making
standardization of the instrument and reporting of data difficult. For
example, HZS g1ves a response four times as high as the response of dimethy)
5u]f1de for the same concentration. This problem was recognized by the paper
industry and the coulometric t1trator was mod1f1ed to correct this problem.
The modified procedure (Barton T1trator Mode] 400) utilizes a wet chemical’
scrubber (3% aqueous potassium acid phthaiate) to remove 802 from the sample.
The sample is then heated to convert the remaining TRS compounds to 502
which is measured by the coulometric t]trator Using this procedure, the
instrument can be standard1zed with SO2 and all data reported as TRS.

The literature, verbal communieations With users of this method, and
experience reveal severa] potential problem areas:

a. Deposition of elemental sulfur on the electrode, reducing sensi-
tivity.

b. Maintenance problems with the 502 scrubber solution, resu]ting
in variable co]]eetion efficiency.

.C. Variations in response of pollutant concentrations and exce551ve‘

zero drifts due to changes in sample flow rate

d. Over-oxidation of TRS compounds to su]fur'trioxide (503), which is
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hot detected by the coulometer.

(4) Gas Chromatographi: This system is based on the ability of the
gas chromatographic columns to separate individua] sulfur compounds,
which are then determined individually by various analytical techniques.
‘The most sensitive determination is the Flame photometric detector (FPD).
This technique involves measurement of 1ight emitted from the excited
52 species formed when a sulfur compound is burned‘in_a hydrogen;rich
f]amg. |

The GC/FPD system has several advantages. It can separate and detéct
the individual TRS compounds. The sensitivity of detection of each sulfur
compound is less than 5 parts per bi]]ion~—‘a level below concentrations
in well-controlled sources. By placing a narrow band-pass optical filter
between the flame and a photomultiplier tube, a high specificity ratio
(30,000:1) of sulfur to non-sulfur bearing constituents can be obtained,
thereby eTiminating most interferentsp Qther interfering components,

carbon oxides and moisture, both can.be selectively removed with a stripper

column.

b. Methods Development.

(1) Analytical Techniques. Based on the survey, the GC/FPD technique

was considered to be the most promising and was selected for field
evaluation. At several of the plants, the coulometric titrator was also
tried since this instrument was widely used by the industry at the time.

(2) Sample Collection. Considering the sulfur compound reactivity,

high moisture, and presence of particulate matter, EPA developed a special
samp]e.handling system, It utilizes a sampling probe enclosed in a stainless
stee] sheath with inlet ports perpendicular to the stack wall. A deflector

shield is fixed on the under side to deflect the heavier particles while
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the probe s packed With glass wool to \rap finer particles. Teflon tubing
heated to 250°F jg used to carry the sampie from the probe to a dilution
system where the sample is routinely diluted J:9 With clean dry ajr.

The heated sample line Prevents condensation and teflon does not react

With sulfur compounds. After the sample is diluted in a3 heated dilution
box, ts moisture content is reduced so that the dew point is below ambient
temperature, preventing condensation and sample loss during analysis.

(3) Calibration of Instruments. For delivery to and calibration of
analytical instruments, é'specia] system containing permeation tubes with
appropriate concentrations.of 502’ HZS’ DMS, DMDS, and CH3SH were.insta11ed
into the sampling and analytical system. These gas permeation tube standards
vere deve]dped by EPA personnel specifically for use with GC systems.

(4) Field Evaluation. .Sihce 1972, EPA has used.the sahp]e delivery
system, dilution system, calibration system, and the GC/FPD methods at
a number of kraft mills. Two separate GC/FPD systems were employed to
facilitate the rapid analysis of hoth high and low molecular weight sulfur
compounds . One system resolved HZS’ SOZ’ CH3SH, and DMS, while the other
simu1taheous1y reso1ved DMDS and other high molecular weight homologs .

To ensure reliability of the data, the GC/FpPD systems were fréquently '
calibrated with standards of each of the sulfur compounds .

Field experience has shown that the GC/FPD method ig most reliable,
sensitive, and precise for determination of TRS. This has also been
substantiated via verba] communications with industry experts.

Conversely, at six of these kraft mills, two different cou]ometric
instruments have yielded poor results, possibly due to the Tow concentrations
encountered, and the Operational problems mentioned earlier. This instrument

s unacceptable for compliance testing.
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APPENDIX E
MILL CHARACTERISTICS
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