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. Introduction

A. Overview Of Project

In March 1995, President Clinton announced several new initiativesfor reinventing government,
including Project XL, an approach to allow companies, communities and government to achieve
better environmental progress at less cost, outside the constraints of existing regulations. The
Environmental Protection Agency (EPA) selected Merck & Co., Inc.’s (Merck's) proposal asone
of the initia pilot projects in the United Statesfor this new initiative. On February 7, 1996,
Merck kicked off a project to deliver superior environmental protection while allowing flexible
operation at its pharmaceutical manufacturing facility in Elkton, Virginia.

Merck, along with representatives from EPA, the Virginia Department of Environmental Quality
(VADEQ), the National Park Service (NPS), and the local community (the project signatories),
and other interested parties, developed asimplified air permit for the facility that will cap total
air emissions of criteria pollutants at lessthan recent actual levelsand allow thefacility to make
changes and additions to its manufacturing processesas soon as they are needed without prior
approval. The upfront environmental benefit which will enable Merck to operate flexibly under
the emissions cap will come from converting the powerhousefrom burning coal to natural gas.
This conversion will significantly reducethe site's actual air emissions for several pollutants.

The XL project will provide the Stonewall plant with an incentive to minimize actual emissions,
thus preserving an operating margin for future growth and expansion when production is needed
for new products. It will allow Merck to avoid the costs associated with months of permitting
delaysin the introduction of new medicinesto the market.

This document describes this innovative Prevention of Significant Deterioration (PSD) permit
(herein referred to asthe permit). It providesan overview of how the permit will operate, and
the underlying intent of various permit terms.

B. Description Of Stonewall Site

Merck & Co., Inc. isaworldwide research-intensive health products company that discovers,
develops, manufactures, and markets human and animal health products. Merck's Stonewall
Plant (herein referred to asthe site or facility), located near Elkton, Virginia, was established in
1941. Currently, the plant employs about 800 people in arange of pharmaceutical
manufacturing (batch processing) activities such as fermentation, solvent extraction, organic
chemical synthesis, finishing and packagingoperations. The facility's products include broad
spectrum antibiotics, anti-parasitic drugsfor human and animal health, a cholesterol lowering
drug, and medicinesfor the treatment of Parkinson's disease and human immunodeficiency virus
(HIV).

The Stonewall Plant islocated within 2 kilometers of the Shenandoah National Park, afederal
Class| area. Thefacility's proximity to thisimportant natural resource highlights the need for
serious consideration of opportunities for better protection of the environment.
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C. Description @ Implementation Mechanisms

The PSD permit is the primary mechanism to implement this innovative XL project. All
requirements and operational flexibility provided under the project are specified in the permit. A
number of mechanisms will be needed to allow the permit to be issued asdrafted by the Project
XL stakeholders.

First, EPA plans to promulgate a rule that applies specifically to the Stonewall site which
modifies regulations promulgated under certain sections of the Clean Air Act (CAA), including
the federal New Source Review (NSR) rules, as well as modification of the Resource
Conservation and Recovery Act (RCRA) regulations, pertaining to the RCRA organic air
emission standards. Second, the VirginiaState Air Pollution Control Board intendsto issue a
variance to the Stonewall site that providesthe legal basis for the Virginia Department of
Environmental Quality (VADEQ) to issue the PSD permit. Thesite-specific rule and the
variance will provide the legal framework for the innovative permit to be issued and to take
effect.

In addition to these administrative actions, VADEQ will issue a letter to Merck clarifying the
regulatory interpretations that it intendsto make with regard to the site's Title V operating
permit application. EPA intendsto express their concurrence with these interpretations in a
letter. Thesite isexpected to submit aTitleV permit application in mid-1997. VADEQ also
intends in the near future to promulgate a site-specif ¢ ruleto incorporate in the Virginia
regulations the various regulatory actions taken in the Air Board's variance. This rule would be
submitted to EPA for approval in the Virginia State Implementation Plan (SIP). EPA agrees
with thisapproach and intends to propose approval of such a SIP change. In thisway, the legal
basis for issuance of the permit will reside in both Virginiaand EPA regulations.

II. Description Of PSD Permit
A. Overview

The PSD permit consistsof 12 sections, containing al the requirementsthat will be imposed on

the Stonewall siterelated to this project:

e Section 1 establishes the site-wide emissions caps, the mechanismsfor adjusting those caps,
and requirements for operation under the caps.

e Section 2 containsthe requirement to convert the existing powerhouse from burning coal to
natural gas. It also describes the regulatory status of the new boilers.

e Section 3 specifiesthe rules which the site-specific ruleand variance replace; thus
compliance with the permit constitutes compliance with these rules.

e Section 4 and Table 4.2 contain the monitoring, recordkeeping, and reporting requirements
associated with the permit.
Section 5 specifies how the main sections of the permit will be phased in.
Section 6 provides a mechanism for periodic review of the permit by the project
stakeholders.

e Section 7 specifiesthe duration of the permit.
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Merck Project XL
PSD Permit Support Document

e Section 8 describes the circumstances under which the permit may be terminated, and the
procedures for bringing the site back into the current regulatory system.

e Section 9 containsseveral standard permit provisionsrelating to inspection and entry of the
facility.
Section 10 specifiesthe reservation of the project signatories' rights under the permit.
Section 11 addresses what happensto the permit if the ownership of thesite istransferred to
another party.

a  Section 12 contains definitions relating to the permit.

Each of these sectionsisdiscussed below.

B. Tour Through The Permit
1. Site-Wide Emissions caps
a) Setting of the Emissionscaps

The permit establishesfour site-wide air emission limits: acap on thesite's (1) total criteria
pollutant emissions, (2) sulfur dioxide (SO,) emissions, (3) particulate matter with aerodynamic
diameter less than 10 microns (PM-10) emissions, and (4) oxides of nitrogen (NO,) emissions.
These caps operate to limit the site's actual emissions of each respective pollutant, calculated on
a 12-month rolling basis. They represent permanent limitson the facility's emissions for the life
of the permit. Criteria pollutants are defined in the permit (Section 1.1.1) as ozone, using
volatile organic compounds (VOC) as asurrogate, SO,, PM-10, carbon monoxide (CO) and NO,

For example, the site's total criteria pollutant emissions for the prior 12 months is cal culated and
compared to thetotal criteria pollutant emissions cap. The permit requires(Section 1.3.1(a)) that
the 12-month total shall not exceed the total criteria pollutant emissionscap. Similar
calculations are required to be performed monthly for the SG,, PM-10 and NO, site-wide totals
(Section 1.3.1(¢)), and comparisons to the respective caps made (Section 1.3.1(b)).

A cap on lead emissions was not included in this project, becausethe site's lead emissions are
very low, and will be essentially eliminated by the conversion of the powerhousefrom coal to
natural gas. Instead, the XL project team agreed to exclude lead from the emission caps, and to
manage lead emissions according to the existing permitting and environmental control
regulations in place.

The caps are based on the site's actual emissions averaged over 1992 and 1993, aso known as
the baseline. The baseline emission levelsand the site-wide caps are provided in Table 1.1 of the
permit; the Baseline Emissions Support Document providesthe background information in
support of this baseline (Appendix 1). The stakeholders have determined that 1992 and 1993 are
most representative of recent operating levelsat the site. Theyears 1994, 1995 and 1996 were
deemed not representative due to shutdown of a major pharmaceutical process which resulted in
site-wide emissions which were not representative of typical production at the plant. The most
significant addition to the facility was the processto manufacture CRIXIVAN®, Merck's
protease inhibitor drug for the treatment of human immunodeficiency virus (HIV). The process
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began operating in mid-1996. Other process shutdowns and construction activities during this
time prevent these years from being representative of recent facility operating levels.

The baseline level is, in fact, significantly lessthan the emission levelsthat are allowed under
the site's existing preconstruction permits. For example, the site's powerhouse was operating at
an average rate of 60% of its capacity during the baselineyears. Allowable' emissions of criteria
pollutants from the site were approximately 2700 tons per year (TPY), compared to the baseline
of 1503 TPY.

Establishing the emissions caps, which essentially will be the site's new permitted emission
rates, at a level based on the facility's recent actual emission rates provides environmental
benefit upfront. The environmenta benefits derived from setting emission caps is explained
below. The margin to allow the facility to operate below the baseline level will be provided by
converting the powerhouse from burning coal to natural gas. The conversion will bea
permanent physical change to the Stonewall site, and will result in an approximate 950 TPY
emission decrease of total criteria pollutant emissions.

b) Featuresof the Emissonscaps

The emissions caps differ from traditional source-specific emission limits in a number of ways.
First, the caps apply to the whole site, rather than an individual source. Theexisting air
permitting regulations allow certain sources to operate without emission limits, including sources
in operation prior to the enactment of air regulations (" grandfathered” sources) and sources that
fall below permitting thresholds. Emissions from these sources would be included in site-wide
totals when determining compliance with the emissions caps. Compliance with the emissions
caps will be determined monthly, on a 12-month rolling total basis. The caps would also
immediately apply to any new or modified emission source constructed at thesite. The
traditional system would allow site-wide emissions to increase without PSD/NSR or minor NSR
review by the permitting authority if only projectswith emissions increases below permitting
thresholdswere installed at the site. This permit removesthis allowance by including even these
small sources in the emissionscaps.

Second, the caps represent the maximum emission rate that the entire Stonewall plant can
achievefor thelife of the permit. The existing permitting program does not limit the site's ability
to increase emissionsthrough obtaining new permits. Provided that the facility follows the
permitting procedures and installs emission controls as mandated by the permitting authority, the
existing permitting system allows the site to obtain a permit for a new source -- essentially
increasing the plant's alowable emission rate. This PSD permit will eliminate the site's ability to
increase alowable emissionsthrough obtaining new permits. The emissions caps represent the
site's permanent limit on emissions for the life of the permit.

Third, the caps are based on the site's recent actual emissions, rather than the source's potential
emission rate. Traditional source-specific emission limitsare typically set at the new source's
emission rate when operating at its maximum capacity -- otherwise known &s its potential
emission rate. In thisway, a new source may operate up to its maximum capacity without

' Allowable emisson ratesinclude permitted emissons as wel as emissonsfrom unpermitted

sourcesoperating a physical capacity.
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violating its specific permit limit. Obtaining such a permit limit is often predicated on
installation of certain control technology. This PSD permit establishes site-wide emission limits
that do not guarantee that sourceswill be able to operate at their maximum capacity. Rather, the
site has a certain operating margin -- the difference between the emissions caps and the site's
actual emissions. Installation of a new emission source will consumea certain portion of this
margin; under this permit the site would no longer be able to obtain new permits to increase the
site-wide emission totals, and it would have to be very judicious about how this margin is used.
Inthisway, this permit providesadirect incentive for the site to minimizeemissions, in order to
preserve the operating margin. The site hasthe incentiveto install controls on new sourcesin
order to minimize the consumption of the margin. The permit replaces the permitting authority's
assessment of what controlsshould beinstalled with the direct incentiveto minimize emissions
in order to preserve the operating margin under the emissions caps.

¢) Operation of the Individual Pollutant Caps

The primary effect of thetotal criteria pollutant emissions cap isto providea significant
incentiveto minimize the site's total criteria pollutant emissions. It motivatesthefacility tofind
emission reductions in the most cost effective manner, regardlessof the location on the site or
which criteria pollutant is being emitted. Consequently, it rewardsthe site with operational
flexibility for maintaining a margin between the site's actual criteria pollutant emissions and the

cap.

While the individual pollutant emissions caps-- SO,, PM-10 and NO, -- also provide some
incentive for minimizing emissions of these individual pollutants, this is not their primary
purpose. Theindividua pollutant caps were established to ensure that the only significant
emission increases allowable at the site over the baseline levelswill be for the pollutants not
covered by individual caps: VOCsand CO.

Thetotal criteria pollutant emissions cap will be set at 1202 TPY, which is 20% less than the
baseline level. The operating margin for the site will be created by converting the powerhouse
from burning coal to natural gas, resulting in decreases in SO, and NO, emissions by over 900
TPY. Thiswill providean initial operating margin of approximately 600 TPY. Individua caps
are set for SO, and NO, at 539 and 262 TPY, respectively, which are 25% and 10% below their
baselines, and for PM-1 0 at the PM-10 baselineof 42 TPY.

After the powerhouse conversion and the resulting substantial emissions decreases, the permit
allows emissions at the site to increase, but not over the 1202 TPY total emissionscap. In
addition, emissions of SO,, PM-10 and NO, may not increase over their respective cap levels.
VOC and CO emissions may increase above their baseline levels-- since no individual caps were
set for these pollutants -- so long asthe site's total criteria pollutant emissions do not exceed the
total criteria pollutant cap.

The result isthat future VOC and CO emission increases will be allowed by upfront decreases of
SO, and NO, from the powerhouse conversion. Thisexchange isa more reasonable way to
implement the objectives of PSD in this site-specific situation because SO, and NO, have a more
critical environmental impact in the areathan VOCsor CO. SO, and NO, contribute to
atmospheric visibility problemsand acid rain; NO, also contributesto the formation of ozone in

Page 5



Merck Project XL
PSD Permit Support Document

the lower atmosphere. Reduction of these pollutants will contribute to an improvement of
regional concerns with visibility, acid rain and ozone.

VOC emissions have much less impact on regional air quality in the area affected by the site's
emissions. Thetwo main contributors to ozone formation are NO, and VOCs. Sincetheareais
NO, -limited for ozone formation -- meaning that changes in NO, emission levelsare the
limiting factor in formation of ozone -- VOC increasesgenerally will not result in creation of
ground level ozone.

Merck retained Mr. John Calcagni of Systems Application International (Research Triangle Park,
NC) to providethe stakehol ders with a scientific evaluation of the relative benefits of SO,, NO,,
VOC and CO reductions on regional air quality. Thisevaluation explainsthe effects of VOC and
CO increasesand SO, and NO, decreases, and provides support for the basis for the permit
(Appendix 2).

Even though the emissions caps represent the site's new permitted emission rates, the permit
allowsfor three circumstances for which the caps could be adjusted, as described below.

d) Initial Adjustment of Emissionscaps

Additional upfront environmental benefit will be provided by further reducing the emissions
caps once the powerhouse conversion is completed. The powerhouse conversion is estimated to
result in the following changes in actual emissions relative to the baseline, based on the 60%
powerhouse operating rate that occurred during the baseline period and assuming 20 days per
year #2 fuel oil used as the backup fuel:

. SO, emissions decrease by 679 TPY (a94% reduction from the SO, baseline).

PM-10 emissions decrease by 37 TPY (a 98 % reduction from the PM-10 baseline).
NO, emissionsdecrease by 254 TPY (an 87% reduction from the NO, baseline).

CO emissionsincrease by 4 TPY (a9% increaseover the CO basdline).

VOC emissionsdecrease by | TPY (a0.2% reduction from the VOC baseline).

A total criteria pollutant emission reduction of 967 TPY (a 64% reduction from the total
criteria pollutant baseline).

These actual emission reductionswill generate an operating margin between the site's actual
emissions and the initial emissions caps, so that the facility can operate into the future under the
caps. The initial adjustment of the emission caps represent a permanent "' retirement™* of
emissions. In addition, the project isalso estimated to result in the reduction of the following
pollutants:

o Lead emissionsdecrease by 0.3 TPY
. Hydrogen chloride emissions decrease by 42 TPY.
. Hydrogen fluoride emissions decrease by 5 TPY.

Once the new gas-fired boilers are installed and operating according to the manufacturer's
specifications, the emissionscaps will be adjusted asfollows:

e Thetota criteria pollutant emissions cap will be reduced by 20%, from 1503 TPY to 1202
TPY.
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e The SO, emissionscap will be reduced by 25%, from 719 TPY to 539 TPY.
e TheNO, emissionscap will bereduced by 10%, from 291 TPY to 262 TPY.

These adjustments reflect a permanent reduction of criteria pollutant emissions. Under the
permit, the Stonewall site will not be allowed to increase emissions above these levels; in this
way, 301 TPY of total criteria pollutant emissions, including at least 180 TPY of 8O, and 29
TPY of NO, will be permanently retired as guaranteed environmental benefit of this project.

It isimportant to understand the difference between the actual emission reductions resulting
from the powerhouse conversion and the initial emissions cap reductions. The actual emission
reductionswill provide an upfront benefit to the environment by reducing the site's current
emissionsto well below current levels. The cap adjustments are areduction in the site's
allowable emissions, representing the long-term environmental benefit of the project. Thefirst
isan upfront benefit that could be reduced or eliminated over time if the site increases emissions
up to the cap; the second is aguaranteed, long-term benefit of the project, since the sitewill not
be allowed to increase emissions over the caps.

The benefits of the actual emission reductions will be enjoyed until the site increasesits
emissions up to the cap levels. For example, if this increasetakes 15 years, the environment will
have benefited from 15 years of lower actual emissions. It isvery unlikely, however, that
emissionswill increase all the way up to the caps, since that would eliminate the operational
flexibility afforded under the permit, would result in stringent monitoring, recordkeeping and
reporti ngz, and would prevent any new growth at the site without commensurate emission
decreases. Therefore, itislikely that some additional environmental benefit from the actual
emission reductions from the powerhouse conversion will be enjoyed into the foreseeabl e future.

The initia cap reductions, by contrast, represent the amount of environmental benefit that is
guaranteed, regardless of how Merck decidesto consume the operating margin under the caps.
These cap reductions will "*lock in"™ a portion of the environmental benefit from the powerhouse
conversion for the life of the permit.

g Cap Adjustment for New Regulations
(1) Overview

The second way that the emissions caps may be adjusted isfor new criteria pollutant regulations
or existing criteria pollutant regulations that are newly applicable to a source at the site (Section
1.2.2). Asdescribed above, the emissions caps provideadirect incentivefor the site to minimize
emissions in order to preserve a certain operating margin. Lowering the caps will increasethis
incentive, motivating the site to find the best opportunities at the site to decrease emissions in
order to maintain the operating margin.

When a new criteria pollutant regulation is promulgated, or when an existing criteria pollutant
regulation becomes applicable to the site, Merck has the option of either complying with the
regulation as written, or adjusting the site-wide emissions cap(s) by the amount of emission

Monitoring, recordkegping and reportingis described fully in Section 4.
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reductions that would have resulted from direct compliance with the rule. Only regulations
addressing one or more of the criteria pollutants covered by the emissions caps -- VOCs, SO,,
PM-10, CO and NO, -- can qualify for this alternate compliance mechanism. For example, a
new rule establishing emission standards for VOCs from storage tanks would qualify; if the
purpose of the rulewasto control volatile hazardous air pollutants (HAPs), however, alternate
compliance via cap adjustment would not be available.

Thisadjustment of the cap is based on the concept that operation under the emissions caps
represents upfrent compliance to any future rules that would have otherwise required such
emission reductions. By converting the powerhousefrom burning coal to natural gas, the
environment receives asignificant environmental benefit far in advance of any regulation that
would require such reductions. Reducing the cap by the amount that the new regulations would
have achieved in effect "*locksin™ the reductions from that regulation, preventing the site from
increasing itsemissionsto the cap level prior to adjustment. This approach focuses facility
effortson finding emission reductions in the most cost effective manner, rather than on
attempting to achieve environmental protection through a**one size fitsall™ approach or the
mandated installation of control equipment. Additionally, it accomplishes equivalent (and
potentially greater) emission reductions without time-consuming procedural and administrative
requirements that would normally be requi red”.

(2) Cap Adjustment Procedure

Section 1.2.2 establishesthe procedure for making this cap adjustment. Thefollowing steps are

required:

e Merck estimates the emission reductionthat would result from direct compliance with the
rule (1.2.2(a));

e Merck proposes decreasing the corresponding site-wide emissions cap based on that
reduction (1.2.2(b));

e Merck submitsthe estimate and proposed cap adjustment to the regulatory authority that is
administering the rule (1.2.2(c)(i));

e Theadministering agency either approves the cap adjustment, or providesan aternate
reduction estimate based on the site's operations. If agreement is not reached on the correct
cap adjustment, Merck shall either use the administering agency's estimate or comply with
the rule as written. For certain rules EPA may veto the option to comply with the rule by a
cap adjustment (1.2.2(c)(ii-vi));

e |If approved, the cap adjustments are madefinal, and such adjustment is deemed compliance
with the rule (1.2.2(d, €)).

(3) Emission Reduction Determination

First, Merck must estimate the amount of emission reductionsthat would result from complying
with the regulation as written. This determination must be based on the site's operations and

production rate corresponding to the time period defined by the highest emission point (HEP) or
another more appropriate emission rate, as agreed to by the regulatory administering agency and

3

If the Site choosesto comply with arule viaa cap adjustment, Virginia cannot include the cap
reduction in any air quaity planning/attainment demongrations.
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Merck. The permit definesthe HEP asthe highest 12-month rolling total of criteria pollutant
emissions from the site since 12 months after completion of the powerhouse conversion project.
Theintent isto provide a reasonable basisfor making a determination of what the emission
reduction would have been if the rule was implemented at the site as written. In some casesthis
calculation would be straightforward, especially for rulesthat would require installation of
certain control equipment on certain sources. In other cases, especialy for complex rules, a
certain amount of judgment will have to be exercised to make the emission reduction estimate.
Merck isrequired to assemble all necessary documentation to justify the reduction estimate, and
to provide additional documentation if requested (see Section 1.2.2(c)(i)).

(4) Proposed Cap Adjustment

Merck would propose to reduce the emissions cap(s) by the amount of reductions of each
pollutant that the regulation would have achieved. SO,, PM-10 and NO, reductionswould result
in adjustment to each respective cap. CO and VOC reductionswould be reflected in an
adjustment to the total criteria pollutant cap. Of course a regulation could be intended to reduce
more than one pollutant; for example, a rule could be focused on reducing PM-10 and VOC
emissions from certain process operations. Alternate compliance with that ruleviacap
adjustment would involve a reduction of both the PM-10 and total criteria pollutant caps.

Incidental emission increases or reductionsthat would result from complying with the new rule
would not have to be accounted for, however. For example, a rule may require the installation of
athermal oxidizer to control VOC emissionsfrom certain processoperations. A thermal
oxidizer will result in increased CO, NO, and possibly SO, emissions. Alternate compliance
with the rule would not include cap increasesto reflect the unintentional CO, NO, and SO,
emission increases. In thissame way, arulethat requiresinstallation of a wet scrubber to control
PM-10 could also achieve some SO, reductions, even though the rule was not aimed at
controlling this pollutant. The corresponding SO, reductionswould not have to be reflected in
the SO, cap in order to have aternate compliance with the rule.

(5) Cap Adjustment Approval: FIPsand NSPSs

The proposed cap adjustment hasto be submitted to the agency administering the regulation for
approval. If therule isadministered by EPA under a Federal Implementation Plan (FIP), or if it
isa new source performance standard (NSPS) other than Subpart Kb, EPA may disapprove the
option to comply with the rule by acap adjustment if EPA provides notice to Merck within a
specified timeframe. EPA may only disapprove the cap adjustment if EPA determines that
compliance with the regulation instead of the cap adjustment is necessary for achieving the
environmental objectives of the regulation.

In the case of FIPs, it isexpected that such adetermination will be quite rare. EPA administers a
FIP only in circumstanceswhere the state fails to submit the required revision to the SIP, or the
revision in the opinion of EPA falls short of meeting the minimum criteria required under the
CAA. EPA then implements rulesto put the necessary protections in place that are mandated by
the CAA. One of the factors EPA plansto consider when determining whether the cap
adjustment would accomplish the goal of the regulation is whether Merck's contribution to
emissions covered by such ruleswould besignificant. It should befairly unusual that
compliance with the rule via cap adjustment would not meet the objectives of the rule,
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considering that the emission reductions had been attained since the powerhouse conversion.

The environmental objectives of the regulation would not extend to thingsthat are not directly
related to environmental benefits.

For example, assume that a new regulation requiresthat certain process equipment of a certain
size that emits PM-10 be equipped with adust collector. The environment is benefited equally
whether the emission reductions from such a rule come from the installation of good controlson
process equipment, or from reductions of PM-10 that occurred from the powerhouse conversion.
The environmental objective of the rule -- to achieve PM-10 reductions-- will be accomplished
whether applicable process equipment at Stonewall is equipped with adust collector, or if PM-10
reductions were previously obtained (and continue to be realized) through the powerhouse
conversion, which would have occurred months or years prior to the rule.  The environmental
objective of the rule is not to ensure that certain process equipment has adust collector; rather,
this is the method to accomplish the real goal of the regulation -- to protect the environment
through PM-10 emission reductions.

There may be cases, however, when EPA determinesthat the FIP ruleor NSPS must be
complied with directly, rather than through a cap adjustment. In thiscase, Merck would be
prevented from using the cap adjustment to achieve compliance with the rule. In the case of
NSPSs, it isnot anticipated that the site will be subject to existing NSPS rules other than
subparts Db and Kb, based on the types of equipment currently used and reasonably anticipated
to be in operation at thefacility. It ispossible, however, that Merck could be subject to newly-
promulgated NSPS.

(6) Cap Adjustment Approval: All Other Regulations

The permit would allow cap adjustment without the EPA **veto" opportunity described above as
a means for compliance with any other new or newly applicable criteria pollutant regulation.
The agency administering the regulation, most likely the VADEQ), would follow the procedures
established in Section 1.2.2(c) for approving Merck's proposed cap adjustment, or propose in
writing an alternate adjustment.

The process of agreeing upon the appropriate cap adjustment is expected to be conducted in the
spirit of the XL program -- in a cooperative manner, with the common objectives of
environmental protection and flexible site operation. Only the correct quantity for the cap
adjustment would be subject to debate, not whether this mechanism is an appropriate method for
compliance with the rule. Thistask should not be difficult to complete, considering that Merck
engineersroutinely perform such calculations to anticipate the potential impact of proposed
regulations on itsoperations. VADEQ also hasexperience reviewing emission calculations for
proposed new and modified processes, and anticipating the effect of a new standard or control
requirement on process operations. Despite this intention, the permit providesfor the instance
when agreement cannot be reached on the proper cap adjustment. In thiscase, Merck would be
required to either use the administering agency's estimate, or comply with the rule as written
(Section 1.2.2(c)(vi)).

(7) Timingfor Cap Adjustment Approval
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Section 1.2.2 specifiesthe timing for submittal, negotiation and acceptance of the proposed cap
adjustment. Figure 1 showsthistimeline graPhicallY-for both new criteria pollutant regulations
and existing regulations to which asource at the site is newly subject.

For new criteria pollutant regulations, Merck is required to submit the proposed cap adjustment
and any necessary documentation to support this calculation no later than 120 days prior to the
compliance date of the new regulation. Of course Merck may elect to submit the reduction
estimate sooner than the 120 days, in case moretime is needed to comply with the rule aswritten
if the cap adjustment isrejected. The permit requires, however, that the reduction estimate be
submitted no later than 120 days prior to the rule's compliance date.

The regulatory agency administering the new rule must respond to this proposed cap adjustment
within 60 days of this notice, or else the cap adjustment isautomatically approved. |If the agency
does respond and disagrees with Merck's proposed cap adjustment, an alternate reduction
estimate must be provided by the agency at that time. This alternate estimate must be based on
the site's operationsand production rates corresponding to the HEP or another appropriate
agreed-upon rate. It also must be based on the emission estimation techniques specified in Table
4.3 of the permit, which prescribes the cal culation techniques for the site's emission sources.

Merck and the regulatory agency will seek agreement on what the actual emission reduction
would be from the new regulation. The permit specifies that this negotiation period shall not
take morethan three monthsfrom the agency's response. Asshown in Figure 1, the compliance
date for the new regulation may passduring this period. However, the permit as authorized by
the Merck site-specific rule and variance, specifies that during thistime Merck shall comply with
the reduced emissions caps that were proposed by Merck, and that compliance with the reduced
caps shall be deemed to be compliance with the new regulation. Consequently, in thissituation
Merck shall not be subject to enforcement by the regulatory agency, nor subject to third party
suitsfor not complying with the new rule as written by the compliance date because the permit
provides for an alternate method of compliance.

The stakehol ders expect that this negotiation period should take much lessthan three months; in
fact, as discussed above, the process of determining the expected emission reductionsfrom the
new rule is likely to be very straightforward. The permit does specify that it should be completed
within three months, or else Merck must either accept the agency's reduction estimate or comply
with the rule as written.

If after thisnegotiation Merck elects to comply with the rule as written, the agency and Merck
must agree on a new compliance deadline, especialy if the rule's original deadline has passed.
The upfront time needed to prepareto comply with a new rule can vary from monthsto years,
depending on the complexity and stringency of the new rule. In some cases, procurement,
installation and startup of new equipment can span years. The permit providesamechanism for
Merck and the agency to agree upon a new compliance deadline to account for the time it could
take to prepare to meet the requirements of the new rule. However, the permit specifies that the
new compliance date cannot be more than 12 monthsafter the rule's original compliance date.
As shown in the timeline, the three month negotiation period would end only 11 months before
the latest compliance date.
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If Merck is likely to require more than this timeto prepareto comply with the new rule, it has
the option of making the initial proposed cap reduction earlier than 120 days prior tothe rule's
original compliance date. For example, if 15 monthswill be needed to comply with the rule as
written, Merck may makethe initial notification 240 days prior to the original compliance date.
This would put the end of the negotiation period at 90 days prior to the original compliance date.
Merck and the agency must agree upon a revised compliance date that is no later than 12 months
after theoriginal date, which in thiscase is 15 months(3 plus 12 months) after the end of the
negotiation period.

It isfor thisreason that the timeline istriggered upon the date that Merck proposes the cap
adjustment to the agency -- so if the proposed adjustment is rejected and agreement on the
correct level cannot be reached, Merck will still have time to prepareto comply with the new
rule as written.

It ispossible that a new criteria pollutant regulation would have an effective date lessthan 120
days after promulgation. Asaresult, Merck would not be provided enough time after
promulgation to submit a proposed cap adjustment 120 days prior to the compliance date. Inthis
case, Merck would submit a proposed cap adjustment based on the most current version of the
rule that was availableat least 120 days prior to the rule's compliance date. This may bethe rule
as proposed, or adraft final if available. The proposed cap adjustment would be based on the
proposed or draft final rule; the regulatory agency would have the opportunity to propose a
revised adjustment based on thefinal ruleonce it is published. It isexpected that Merck and the
regulatory agency would work cooperatively in these situationsto agree upon the most
appropriate cap adjustment based on the rule.

Figure 1 also shows the timeline for existing criteria pollutant rules to which the site or a source
at the site is newly subject. Theonly difference isthat Merck is required to submit the cap
reduction 90 days prior to the compliance date of the regulation, rather than 120 days for new
regulations. Lesstime should be needed to prepare for compliance with existing rules, since
such regulations would have been implemented el sswhere, and knowledge of the rule's
requirements would likely be more accessible. Other than the 30-day difference in the initial
notification, the above discussion on timing applies to newly applicable existing regulations.

(8) Cap Adjustment and Regulatory Compliance

The permit addresses two issues with respect to regulatory compliance for new or newly
triggered criteria pollutant regulations: compliance during the period when Merck and the
regulatory agency are seeking agreement on the appropriate cap adjustment and after the cap
adjustment is madefinal. The permit specifies(Section 1.2.2(e)(v)) that during the period that
Merck and the agency are seeking agreement on the cap adjustment, Merck shall comply with
the adjusted caps as proposed by Merck in Section 1.2.2(a) and (b), and that compliance with the
adjusted caps shall be deemed compliance with the rule.

The permit also specifiesthat oncethe cap adjustments are finalized (approved by the regulatory
agency), compliance with the adjusted caps represents compliance with the rule.

Merck is required to keep certain records and submit reports relating to the cap adjustments for
new or newly triggered criteria pollutant regulations(see Table 4.3, A.12 through A.14),
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including the adjustments to the emissions caps, the explanation for the adjustment, and the final
decision on whether to make the adjustment or implement the rule as written.

(90 Examples of Cap Adjustmentsfor CriteriaPollutant Regulations

Thefollowing are several hypothetical examples of cap adjustments to illustrate how this section
of the permit is intended to operate.

1) RACT REOQUIREMENTS If future ozone concentrations in the vicinity of the Stonewall
Plant are such that the areafails to attain the National Ambient Air Quality Standard (NAAQS)
for ozone, the state may require emission reductions from existing sources in an effort to achieve
attainment. The most effective way to reduce ozone formation by regulating local emissions in a
generally NO, -limited area such as rural western Virginiawould likely be to reduce local NO,
emissions. Assuming, hypothetically, that Merck was included in the list of sources regulated by
the NOx Reasonably Available Control Technology (RACT), and that Merck's RACT
requirement as determined by VADEQ involves reduction of site-wide NO, emissions by 10%.

If Merck chooses to fulfill its requirement by a cap adjustment, the size of the adjustment would
be based on operations and emissions which occurred during the 12 month period represented by
the HEP*. By using the HEP as the basis, the size of the reduction would generally be
maximized since the HEP would likely represent the period of maximum historical production.
The proposed cap adjustment would be calculated by multiplying the annual NO, emissions from
all combustion sources represented in the HEP by 0.10, and the resulting quantity (in tons per
year) would be proposed to the permitting agency for reduction from the plant's NO, subcap.
The cap reduction proposal would be submitted at least 120 days prior to the compliance date for
the new regulation. The agency would either approve the proposed cap adjustment or propose an
alternate adjustment within 60 days with an explanation of why itsalternate proposal is more
appropriate. If agreement between Merck and the permitting agency on the size of the cap
adjustment is reached, the NO, subcap would be adjusted accordingly and the site's NO, RACT
requirements would be deemed to be satisfied. If Merck does not agree with the agency's cap
reduction estimate, it must either apply the agency's cap adjustment anyway, or implement the
provisions required by the RACT rule as written with a compliance schedul e agreed to by Merck
and the agency. Either option would fulfill all of thesite's NO, RACT requirementsfor that
particular regulation.

If, in the future, the area becomes VVOC-limited for ozone formation, the state might reasonably
be expected to require VOC emission reductionsof existing sources in order to reach ozone
NAAQS attainment. Assume that, under those circumstances, the state requiresa VOC emission
reduction of Merck to meet the VOC RACT and Merck choosesto meet itsobligation by a cap
adjustment. Asin the example above, the size of the cap adjustment would be based on the HEP.
If the site emitted 400 TPY VOC during the 12 months of operations represented by the HEP and
the RACT rule required a 10% VOC reduction, Merck could propose adjusting the total criteria
pollutant cap downward by 40 TPY. The permitting agency or Merck could propose an aternate
adjustment if use of the HEP period is inappropriateor unrepresentative. Once agreement on the

4

The HEP is the highest emission point reached by the facility since 12 monthsafter completion of
the powerhouseconversion project, as meesured by the 12-month rolling total of criteria pollutant
emissions.

Page 13



Merck Project XL
PSD Permit Support Document

size of the cap reduction is reached, the total emissions cap would be adjusted and the
requirements of the rule would be deemed to have been satisfied. Asabove, if agreement on the
size of the cap adjustment is not reached, Merck would have a choice of using the permitting
agency's proposed adjustment or implementing the emission reduction requirements of the VOC
RACT rule as written.

2) BOUIPMENT-SPECIFIC REQUIREMENTS Assumethat a new regulation requires 95%
control of PM-10 emissions from solid waste incinerators, and that Merck operates an incinerator
at the Stonewall Plant. If Merck were to choose cap adjustment as the means of compliance with
the new regulation, the amount that the PM-10 subcap would be reduced would be based on the
solid waste incinerator PM-10 emissions during the 12 month period represented by the HEP
(assuming the incinerator was in existence during that period). If the incinerator produced 10
tons of PM-10 and had no emission controls, the cap would be reduced by 9.5 tons(0.95 x 10).

If the incinerator did not exist during the HEP period, a cap adjustment based on emissions
during some other period of representative operations could be proposed. The permitting agency
could offer a counterproposal, with justification. Asabove, failure to agree on acap adjustment
would leave Merck the optionsof accepting the agency's estimate or complying with the rule as
written to achieve the required reduction.

If a new solid waste incinerator was installed after the PM-10 regulation was in effect and Merck
chose to satisfy the requirement with a cap adjustment, the size of the cap adjustment would be
based on the projected actual emissions from the unit. Merck would have to include the basisfor
the projected actual emissions and the reduction no later than 90 days prior to the date that the
regulation would be effective.

3) NSPS SUBPART Kb REOQUIREMENTS The Merck site-specific ruleand PSD permit
specificaly grant relief from NSPS Subpart Kb requirementsfor volatile organic liquid storage
tanks. The plant does not currently have any tanks with Subpart Kb emission control
requirements, but if tanks were modified or constructed such that Subpart Kb controls were
required, the requirement could be met by downward adjustment of the total emissions cap. The
size of the proposed cap adjustment would be based on the emission reduction for each tank that
would be achieved by the rule. Asin the other examples, the total emissions cap reduction
proposal would be subject to agency review and the agency would have an opportunity to make
an alternate reduction proposal. Whether a cap adjustment or installation of controls was chosen
to satisfy Subpart Kb, either option would be deemed to satisfy al Subpart Kb requirements for
that tank. -

4) SPECIFIC HAP REDUCTION REOQUIREMENTS Assume EPA passesa rule under TitleIII
of the CAA requiring 95% control of methanol emissions from existing distillation columns.
Compliance with the rule couid not be achieved by a cap adjustment, even though methanol isa
VOC, because it isa Hazardous Air Pollutant (HAP), and the PSD permit does not afford
alternate compliance with any HAP regulations. Merck would be required to implement the rule
aswritten.

) Other Emissionscap Adjustments
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Besides the initial adjustment at the completion of the powerhouse conversion and as aternate

compliance with a new or newly triggered regulation; the site-wide emissions caps can only be
adjusted under two other circumstances: upon determination of PM-10 emissions from the gas-
fired boilers, and as agreed to by the project signatories.

PM-10 emissions can take two forms, filterable and condensable. The amount of condensable
PM-10 from burning natural gas will be measured during the stack test of the new gas-fired
boilers. Theamount from burning the backup fuel will be estimated either from the test or
available emission factors. These emission rates will be expressed as the amount emitted while
running the boilers at full load for 345 days on natural gasand 20 days on the backup fuel. In
short, the stack test data and an emission factor for backup fuel, if necessary, will be used to
calculate the boiler's condensable PM-10 emissionsaat full load running all year. The lesser of
thisquantity or 10 TPY will be added to the PM-10 cap to account for theseemissions. It is
anticipated that the cap adjustment will be closer to one or two TPY. Nevertheless, Section 4.3.2
will operate to ensure that the PM-10 cap accurately reflects the amount of condensable PM-10
from this new emission source.

The permit specifies{4.3.2(c)) that this cap adjustment would be automatic -- no further
stakeholder discussion nor regulatory evaluation (except review and approval of the stack test)
would be necessary to make this adjustment. Only an administrative permit modification would
be required to makefinal the PM-10 cap adjustment. The permit term would already have been
subject to public notice and comment for the initial issuanceof the permit. Therefore, the
operation of the permit term does not need to have further public notice or review.

The fourth mechanism for considering cap adjustments is pursuant to the periodic review
mechanisms under Section 6 of the permit. This section isdiscussed morefully below; however,
it isimportant to note that various provisionsin this section could result in increases or decreases
to one or more of the site-wide emissions caps. Inall cases, such adjustment would only be
made after full consent of the project signatories, as prescribed in that section, and after the
permitting authority processesa permit modification according to the procedures specified in the
site-specific rulemaking and variance.

g) SiteOperation Under the Emissions caps

The permit establishes certain requirementsfor site operations under the emissions caps. These
are described below.

(1) Maintain Emissions Below Caps(1.3.1)

Section 1.3.1 states the basic requirement with regard to the site-wide emissions caps. that the
site widetotal criteria pollutant emissions shall not exceed the total criteria pollutant cap, and
that the site-wide SO,, PM-10 and NO, emissions shall not exceed the respective individual
pollutant caps. Thissection also specifies that compliance with these caps shall be determined
using the calculation methods specified in Table 4.3 of the permit.

(2) Install Controls for Certain New or Modified Sources (1.3.2)
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The PSD permit is designed to encourage the site to minimize its emissions to allow maximum
flexibility under the emissions caps. Merck intendsto install good controls, pollution prevention
or other technology for new emission sources at the Stonewall site, consistent with Merck's
Corporate policies regarding environmental protection. This practice is an extension of Merck's
ongoing effortsto be a corporate leader in environmental protection. Besides the incentive in the
permit, Section 1.3.2 requiresthat controls, pollution prevention or other technology must be
installed for significant modifications and significant new installations (as defined in Section
1.3.2 of the permit). This permit term does not add to Merck's intention to be environmentally
protective; Merck's practices and the incentives provided in the permit will result in the
installation of good controls. What Section 1.3.2 doesisformalize thiscommitment for larger
installations, and ensures that controls, pollution prevention or other technology will be installed
for such new or modified sources at a m ni num

This section does reflect that there are other, sometimes better, approaches to environmental
protection than installation of emission controls. In many cases, pollution prevention or other
technology initiatives will achieve equivalent or superior protection for lower capital and
operating expenses. Merck isfully committed to implementing pollution prevention projects
wherever opportunitiesexist for cost-effective improvementsto existing processes. In fact, the
site's technical operations department dedicates a majority of its resources looking for such
pollution prevention opportunities. Operation under the PSD permit will not alter this
commitment to pollution prevention; on the contrary, it will provide an additional incentive to
make timely changes to manufacturing operations in order to provide maximum operating
flexibility under the emissions cap.

Over the years, Merck has pledged to meet a number of environmental challenges. These
challenges included minimizing process and non-processemissions and waste, replacing
chlorofluorocarbons, conserving energy, recycling and reducing the use of paper and packaging
materials. Merck has reported in its Environment, Health, and Safety Progress Report (Appendix
3) that to date, all projectsare in placeto meet Merck's goa of reducing worldwide
environmental releases of toxic chemicals by 90%,; the results of these efforts will be seen in the
data reported for calendar year 1996. Merck also has exceeded itsvoluntary commitment under
EPA’s 33/50 program by achieving reductions in these emissions by 89% worldwide, well over
the 50% target set by EPA.

Historically, Merck has established programswell in advance of regulatory requirements. For
example, Merck has stated in its progressreport that it's state-of-the-art Process Safety
Management program, which controls the risk of potential operational hazards, was implement
before any regulatory requirements. Voluntary proactive efforts and industry-government
cooperation have proven to be effective alternativesto the current system of regulation. Merck's
Environment, Health, and Safety Progress Report provides more information about these
programs.

Thissection requires that for significant modifications and significant new installations, some
type of good controls, pollution preventionor other technology must be installed. The permit
lists examples of the types of controls that would qualify (Section 1.3.2(c)), including
condensation for high concentration VOC streams, dust collection for particulates, and low NO,
technology for significant NO, combustion sources. Specific pollution prevention or other
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technologies are not listed in the permit, since they are likely to be process-specific, and could
include technology not yet invented.

Thissection intentionally does not reference best available control technology (BACT),
reasonably available control technology (RACT), Lowest Achievable Emission Rate (LAER), or
any other regulatory-based control requirement. The requirementsof this section are self-
implementing, and not tied to agency approval. Establishing any equivalenceto aregulatory
program would necessitate some type of agency review and approval, exactly the administrative
processthat this permit isintended to replace. This section also promotes more creativity for
finding environmentally protective solutions than provided in programslike BACT or RACT. It
encouragesthe site to find the best ways to minimize emissions from new and modified sources,
regardless of whether they trigger this permit requirement.

The permit requires that Merck describe the new or modified installation, and explain if a
technology other than those listed in the permit wasselected (Table 4.3, A.17). It also requires
that Merck submit a schematic diagram of the new or modified process, equipment identification
numbers, location on the plant site, control equipment associated with the new equipment, and
thetotal emissions of each criteria pollutant from each piece of new or modified equipment
(Table4.3, A.18). Thisinformation will assure that Merck is keeping to its commitment to
install good controls, pollution prevention or other technology for such installations, and will
help the signatoriesto stay abreast of the significant changes that occur at the site.

(3) Continue Operation of Control Devices(1.3.3)

During the stakeholder discussions, concern was raised that if Merck was not specifically
required to continue operating control devices previously required by permit, that the operating
cushion under the emissions caps would allow these devices to be turned off. Merck has no
intention of turning off existing control devices at the Stonewall site. In fact, the site has
installed severa voluntary control devices. In order to formalize this intention, Section 1.3.3
was placed in the permit, which requires Merck to continue operating the control devices listed
in Table 1.3.3 of the permit.

The permit requires Merck to continue operating the devices, considering the technical and
physical operational aspects of the equipment and associated processes. All equipment
experience periods of downtime due to malfunction, maintenanceor other reasons. This
provision allows for such downtime, and would not require the site to shut down the associated
process during the control device downtime. All emissions during such control device downtime
would be counted toward compliance with the emission caps.

This section also requires that the control device operation be based on an operation and

mai ntenance (O&M) program based on the manufacturers' specifications and good engineering
practice. This provision is not intended to add a new recordkeeping requirement to the site;
rather, it formalizes Merck's existing O&M program currently implemented at the site for
certain equipment. The control devices listed in Table 1.3.3 are included in this program.

(4) Emissions Trading and Acid Rain Programs(1.3.4 and 1.3.5)
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Sections 1.3.4 and 1.35 were inserted in the permit to provide assurances to the stakeholders that
Merck will not credit for trade or sale any of the emission reductions achieved under the permit,
increase allowable emissions through acquisition of emission credits, nor participate in the acid
rain opt-in program under Section 410 of the CAA.

(5) Control Requirementsfor Certain Units (1.3.6)

Asdescribed in Section 3, this permit constitutes compliance with certain requirements

contained in the RCRA organic air emission standards (40 CFR 264 Subparts AA, BB and CC

and 40 CFR 265 Subparts AA, BB and Q). The substantive requirements of these standards are

found in Section 1.3.6 of the permit. In thisway, al regulatory requirements that address the

criteria pollutants included in the total emissions cap, regardless of whether they are promulgated

under the CAA or under RCRA, are covered by the permit. In brief, this section requires:

¢ unitsthat would otherwise be subject to the Subpart AA standards to be controlled with a
secondary brine condenser or thermal oxidizer, and monitored as specified in Section 4;

¢ continuation of the maintenance and repair program for equipment components that are in
contact with VOCs and/or volatile organics;

e maintenance of specified coverson containersand tanks that would otherwise be subject to
Subpart CC, and

« maintenance of specified covers on hazardous waste treatment tanks that would otherwise be
subject to Subpart CC, control of such tankswith afloating roof, brine condenser or thermal
oxidizer, and monitoring of such devicesas specified in Section 4.

2. Powerhouse Conversion

Theexisting Stonewall powerhouse consists of two coal -fired spreader stoker boilers with a rated
capacity of 123.5 MMBTU/hour each. These unitswere installed in 1982. The powerhouseal so
hasa#2 fuel oil-fired boiler, with arated capacity of 120 MMBTU/hour, which isused asa
backup unit. The powerhouse provides both steam for heating and use in the manufacturing
areas, aswell asa portion of the electricity for the plant site. These units have been well
maintained and could continue to operate for at least 25 years into the future. They havethe
capacity to meet anticipated power needsfor the plant aswell. |n addition, there are no current
or anticipated future regulatory requirementsthat would necessitate a major modification or
replacement of these units.

The permit requires that the coal -fired units be replaced by two new natural gas-fired boilers.
The new unitswill burn natural gas as the primary fuel, and will be equipped to burn a backup
fuel, either propane or #2 fuel oil. A natural gas pipelinewill have to be constructed to bring this
fuel to the site; in addition, storage capacity for the backup fuel will also have to be provided as
part of the boiler construction project. Merck estimates that the capital cost of the powerhouse
conversion project will be approximately $10 million.

The new boilers are to be equipped with low- NO, technology, meaning that the new boilers
shall have the equipment necessary to control NO, generated during fuel burning. This
requirement does not impose a numerical limit on the amount of NO, the boilers may generate;
rather, the total emissionscap providesan incentive for Merck to minimizeemissions. In
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addition, Merck guaranteesthat the boilersthat will be purchased will meet NO, limitsthat are

lower than the NOx limit contained in the Standards of performance for Industrial-Commercial-
Institutional Steam Generating Units (NSPS Subpart Db, 40 CFR 60.40b e¢. seq.) when burning
natural gas. See letter attached as Appendix 4.

Aswith any device critical for the ongoing operation of the facility, Merck commits to
conducting al necessary maintenance and repairs on the boilersincluding regular preventative
maintenance procedures. Merck considers such activities to be basic for normal business
operation of the site and for protection of the company's capital investment in this equipment.

a) Timeframefor Conversion

Section 2.2 provides the timeframe for two events related to the powerhouse conversion: when a
contract will be madewith a boiler manufacturer, and when the conversion will be completed.
The permit lists both an expected timeframe and a required time to complete each of these tasks.
Merck expects to contract with a boiler manufacturer within six monthsof the effective date of
the permit. However, it isa permit requirement that this contract be in place no later than 12
months after the effective date of the permit. Likewise, Merck expects the conversion to be
completed within 18 months, but is required to complete it no later than 30 months after the
permit's effective date.

The expected timeframes are not requirements, and there are no consequences if these dates are
not met. They merely provide information about when Merck expects that these activities will
take place. The 12 and 30 month times are permit requirements, however, and Section 8.1.3
allows the permit to be terminated if the powerhouseis not converted in accordance with Section
2.

This section also requires Merck to provide noticeto the project signatories at certain milestones
in the conversion project: when the conversion commenced, when it was completed, and when
the stack test on the new units has been performed. Merck has 30 days from the commencement
and 30 days from the completion of the conversion project to notify the signatories. These
requirements were inserted in this section of the permit rather than Section 4 with the rest of the
reporting requirements because, as described below, Section 4 may not be effective at the time
that the powerhouse conversion is taking place. If they were in Section 4, Merck would not be
obligated to meet these requirements until Section 4 was effective.

Section 12.2 includes a definition for "' completion of the powerhouseconversion.” It specifies
that the conversion is complete when the unitsare installed, started up, have gone through the
shakedown procedures, and are fully operational.

b) Regulatory Compliancefor the Powerhouse

The stakeholders agreed to addresstwo regulatory issues that would have otherwise impacted the
powerhouse conversion. Section 2.4.1 specifies that this PSD permit isdeemed to bethe
preconstruction permit for the new boilers. This is appropriate since the construction of these
units has already undergone review by both VADEQ and EPA, and will be reviewed by the
public during the site-specific rule and variance comment periods. Issuance of the PSD permit
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will be confirmation that construction and operation of such unitsisin full compliance with
regulatory requirements as authorized in the site-specific rule and variance.

Section 2.4.2 specifies that compliance with the permit shall be deemed compliance with all
requirements of the NSPS Subpart Db (40 CFR 60.40b et. seq.). The permit already contains the
substantive requirements of this ruleas it would apply to the new boilers:

e installation of low- NO, technology on the boilers(Section 2.1),
e performance of astack test once the unitsare installed (Table 4.2, B.1), and
e continuous monitoring of NO, and opacity (Table 4.2, B.2).

In the spirit of XL, the signatories agreed that compliance with these substantive requirementsin
addition to the benefits provided by the whole project warrant alternate compliance with NSPS
Subpart Db.

3. Compliance With State And Federal RegulationsAnd Air Permits
Under The PSD Permit

a) General

EPA's Project XL isan initiative to assess the extent to which regulatory flexibility, and other
innovative environmental approaches, can be implemented to achieve both superior
environmental performance and reduced economic and socia burdens. Merck’s XL project
replaces existing regulatory requirementsthat pertain to criteria pollutants with the provisions of
this permit, and specifically the requirements to operate under the site-wide emissions caps and
convert the coal -fired powerhouse to natural gas.

Section 3 specifies which rulesand permits are addressed under the PSD permit. These include
all of thesite's minor NSR permits® and specific federal and state regulations. The permit
specifiesthat compliance with the permit shall be deemed to satisfy al the requirements of these
permitsand regulations. It does not mean that compliance with the rulesis being waived, or that
enforcement discretion is being exercised; rather, it meansthat compliance with the permit is
deemed to satisfy all of the requirements of the listed permitsand regulations as authorized in the
site-specific ruleand variance. In fact, the permit isintended to result in superior environmental
performance compared to these requirements.

However, violations of the permit shall not also constitute violation of permits or regulations
listed in Section 3. Permit violations may lead to certain enforcement measures in the same
manner aswould apply to any other permit; to have a violation also trigger non-compliance with
one of the ruleslisted in Section 3 would be penalizing Merck twice for the same circumstances.
In order to avoid this outcome, the signatories agreed to include Section 3.6, which specifiesthat
aviolation of the permit shall not constitute a violation of regulations listed in Section 3 for
which the permit constitutes compliance. This permit term also applies to the preconstruction
permits listed in Section 3.1.

The site does not have any permitsissued under the mgjor NSR program.
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Section 3.5 clarifiesthat compliance with the permit does not relieve Merck from compliance
with any local, state or federal rule not listed in section 3.

b) Preconstruction Permits

The existing minor preconstruction permits being replaced by the PSD permit are listed in
Section 3.1. However, because the sitewill continue to be obligated to obtain preconstruction
permits until Section 3 iseffective, thissection isworded to includethese new permitsaswell.
In thisway, all preconstruction permitsthat are issued to the site will be replaced.

c) Regulations

Compliance with the permit is deemed compliance with all of the provisionsof the regulations
listed in Sections 3.2 and 3.3 as authorized by the site-specific ruleand variance. Theserules
include the major and minor NSR permitting regulations applicable to the site, the Virginiaair
toxicsrule, Subparts AA and BB of the RCRA organic air emission standards, and certain other
emission standards that would otherwise apply to sources at the site.

Compliance with the permit isdeemed compliance with only specified sections of the regulations
listed in Section 3.4. Each section (3.4.1 through 3.4.7) liststhe portions of the regulation, the
pollutants and/or sourcesfor which alternate compliance is provided. For example, Section 3.4.4
specifies that compliance with the permit is deemed to be compliance with the Virginiafacility
and control equipment maintenance or malfunction compliance regulations(9 VAC 5-20-180
and 9 VAC 5-50-20), except for visible emissionsand odor. The Stonewall site will still be
subject:to these rules as they apply to visible emissionsand odor, but not for other pollutants.

Sections 3.2, 3.3 and 3.4 citecertain Virginiaair regulations. Facilitiesin Virginiaare also
subject to similar or identical requirements listed in Virginia's State Implementation Plan (SIP),
which isVirginia's EPA-approved plan for achieving certain objectives of the CAA. The
regulations that are cited in Sections 3.2, 3.3 and 3.4 that are also contained in Virginias SIP are
also addressed by Section 3 of the permit. Compliancewith the permit will constitute
compliance with these SIP requirementsas well, as authorized by the Virginia variance®.

Section 3.4.2 addresses alternate compliance with certain Title V requirements. Thissection is
intended to specify that no additional monitoring, recordkeeping or reporting requirements that
would have been applicable to provisionsof this permit will apply.7 This isappropriate because
the PSD permit already provides for extensive monitoring, recordkeeping and reporting to assure
compliance with its provisions. For example, Title V regulations require that certain monitoring
be done in order to verify compliance with applicable requirements listed in the Title V permit.
If an applicable requirement does not have a method for demonstrating compliance, the Title V
permit will contain a requirement to perform certain monitoring; this is sometimes referred to as
"gap filling" monitoring. However, the PSD permit already specifies appropriate monitoring
requirements for the provisions of the permit. Therefore, no " gap filling" monitoring will be
necessary for any requirements in the PSD permit.

6 The VirginiaState Air Pollution Control Board variance authority is gpproved in the VirginiaSIP
a 40 CFR 52.2420(c)(15) and (89).
! The one exceptionisfor deviation reporting, as prescribed by the Title v regulations.
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In addition, EPA is planning to promul gate a compliance assurance monitoring (CAM) rule in
the near future, which would be applicable to certain sources of criteria pollutants. EPA intends
that the provisions of this rule would also not apply to the applicable requirements in the PSD
permit for the same reason cited above: additional monitoring requirements beyond those
specified in the PSD permit are unnecessary for determining compliance with the PSD permit.

The CAA requiresthat facilitiesreport the results of monitoring to the permitting authority no
less than every six months (CAA Section 504(a)). Thisstatutory requirement will befulfilled by
reporting of the site's 12-month rolling total site-widecriteria pollutant emissions and 12-month
rolling total site-wide SO,, NO,, PM-10, COand VOC emissions at least semi-annually (see
Table 4.2 of the permit, A.7 and A.8).

d) Pollutantsincludedin Section 3 of the Permit

The pollutants for which alternate compliance is provided in Sections 3.2 through 3.4 are
specified in each section. Section 3.2, magjor NSR permitting and registration, applies to the
pollutants listed in Section 1.1 of the permit and particulate matter (PM). If EPA addsany new
pollutants to the 40 CFR 52.21(b)(23) list, these pollutants would be excluded from alternate
compliancein Section 3.2. This approach providesrelief from major NSR permitting and
registration for al pollutants included in the total criteria pollutant emissions cap and PM.

Sections 3.3 and 3.4 specify adlightly different list. These sections apply to all pollutants except
lead and except any new criteria pollutantslisted in 40 CFR 52.21(b)(23)(i) after issuance of this
permit. If EPA adds a new pollutant to 40 CFR 52.21(b)(23)(i) beforethe permit isissued, itis
also included for Sections 3.3 and 3.4. Any pollutantslisted after permit issuance are excluded
from Sections3.3 and 3.4. The intent isto providealternate compliance for most requirements
for the above pollutants, except from major NSR permitting. The regulations listed in Sections
3.3 and 3.4 till apply to lead and any new 40 CFR 52.21(b)(23)(i) pollutants listed after permit
issuance.

Please note that Sections 3.4.4 and 3.4.5 also exclude visible emissions and odor from the
pollutants for which alternate compliance applies. This meansthat in addition to lead and any
new 40 CFR 52.21(b){23)(i) pollutants, visibleemissionsand odor are also excluded from
Sections 3.4.4 and 3.4.5. The regulationslisted in Sections 3.4.4 and 3.4.5 still apply to visible
emissions and odor.

4. Monitoring Recordkeeping And Reporting
a) Genera

Section 4 specifies the monitoring, recordkeeping and reporting requirementsfor the PSD
permit. With the exception of Section 2.3, which isdiscussed above, al monitoring,
recordkeeping and reporting requirements of the permit are consolidated in this section. The
main list of requirements isin Table4.2. Thistable contains seven columns: the specific
emission unit to which the requirement applies, an identification number for the requirement, the
frequency that appliesto the requirement in tier |, IT and III (see the explanation of the reporting

Page 22



Merck Project XL
PSD Permit Support Document

tiers below), whether the requirement isto monitor, record or report, and a description of the
requirement.

For example, Table 4.2, B.5 islisted as follows:

Natural B.5 | Annualy | Semi-annually | Monthly | Report | Emissions based on
Gas-Fired stack test, NO,
Boilers CEM/PEM, emission
factors and fuel usage

This provision requires the site to report the emissions from the gas-fired boilers based on stack
test, NO, continuous emission monitor (CEM) or predictive emission monitor (PEM) , emission
factorsand fuel usage on an annual basisin tier I, semi-annualy in tier 11 and monthly in tier I11.
If one of the frequency columns is blank (indicated by shading), it indicatesthat the specific
requirement does not apply to that specifictier. For example, if thetier | box above were blank,
the boiler emission report would not be required for tier I.

Reports required by the permit are sent to the project signatories (Section 4.6). Section 12.8
specifiesthat all correspondence that is to be sent to the project signatories, including reports
required by Section 4, shall be sent to the individual signatory representatives listed in Table
12.8 Thistableshowseach individual representative's name, title, affiliation, addressand
telephone number. The permit alows for thistable to be updated upon written notice to the
signatories to ensure that it is current so that Merck may fulfill its obligation to provide reports to
the signatories.

Section 4.7 requires that reports submitted in Section 4.5 (annual and semi-annual reports)
contain acertification by the site's responsibleofficial. Thiscertification isconsistent with that
which isrequired by EPA’s TitleV regulations (40 CFR 70.5(d)). The wording of the permit
could be used by the responsible official for this certification:
"To my belief, based on reasonable inquiry, the information submitted in the report is
true, accurate, and complete."

Section 4.8 requiresthat recordsthat are required by Section 4 shall be retained onsite for at least
five years. Section 4 also specifies a number of other requirements, which are described below.

b) Reporting Tiers

A key innovative feature of the XL project isthat the monitoring, recordkeeping and reporting
requirements vary in stringency based on how close the site's total criteria pollutant emissions
areto thetotal emissions cap. Section 4.1 establishesthree tiers of reporting:

e Tier | applieswhenever the site's actual criteria pollutant emissions for the last 12 months
are determined to be lessthan 75% of the total emissions cap, and during the startup of the
permit. The startup of the permit isthe period between the effective date of Section 4 and 12
months after completion of the powerhouse conversion project. During thistime, the facility
may elect to operate under the emissions caps, even though the emission reductions from the
powerhouse conversion have not yet been realized. In thiscase, the site's emissions may be
very close to thetotal cap; if a higher tier would otherwise apply during this period, electing
to operate under the cap during this startup period would be prohibitively difficult.
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e TierIT applies whenever the site's actual criteria pollutant emissionsfor the last 12 months
are equal to or greater than 75% and lessthan 90% of the total emissions cap.

e Tier Il applieswhenever the site's actual criteria pollutant emissions for the last 12 months
are equal to or greater than 90% of the total emissions cap.

The monitoring, recordkeeping and reporting requirements increaseas thetiersincrease. Using
the exampl e above, the frequency that the emissions from the gas-fired boilers must be reported
increases from annual to monthly from tier | to tier III. Consequently, asthe site's total criteria
pollutant emissions increase, monitoring, recordkeeping and reporting requirements increase as
well. This makes sense because as the site gets closer to the emissions cap, more detailed and
comprehensive monitoring and recordkeeping are warranted, and morefrequent reporting to
verify compliance with the caps is appropriate.

It also hasthe effect of providing afurther incentivefor the siteto minimize itsemissions. Costs
of compliance with Tier IT or Tier III will be higher than Tier |, because of the additional
monitoring, recordkeeping and reporting required in the higher tiers. In some cases, a report or
monitoring requirement would have to be performed more frequently in a higher tier. For
example, the permit requires the 12-month rolling total of site-widecriteria pollutant emissions
to be reported semi-annually in Tier | and Tier II, and monthly in Tier III (see A.6in Table 4.2 of
thedraft permit). Thisincreased frequency would impose additional costs on the site's
environmental staff relating to preparation and submittal of reports. Some activities are not
required to be performed at all in alower tier, such asstack testing of al thermal oxidizers onsite
(see F.51, Table 4.2 of the draft permit). Within six monthsof reaching Tier I1I, all thermal
oxidizers must be stack tested. This phased-in requirement places significant additional costs on
the sitefor moving from Tier II to Tier 111

These additional compliance costs associated with higher tierswill provide an incentive to
minimizeemissions. If a planned project would increasethe site's emissions so that it moves
from tier Ltotier 11, Merck could evaluate additional control or pollution prevention
opportunities to eliminate this increase. Merck would be provided with discretion whether to
make the capital and operational investmentsto meet the higher tier's requirements, or
implement emission reduction projectsto stay within the lower tier's threshold.

The types of requirements that are triggered in each tier are designed to provide enough datato
assure compliance with the emissionscaps and other provisionsof the permit. Thetier |
requirements provide datato measure compliance with the cap, with control device operational
requirements, and with certain requirements for new equipment installed under the significant
modification and significant new installation permit provision(Section 1.3.2).

Thetier 11 requirements add to thetier | provisionsthe requirement to validate certain
measurement tools and more frequent (semi-annual) reporting because of the proximity of the
site's actual emissions to the emissions cap. Tier II requiresadditional validation of
measurement tools, and monthly reporting in most cases, again because of the proximity of the
site's actual emissionsto the emissions cap.

c) Monthly Requirements
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Merck isrequired every month to calculatethe 12-month rolling total of the site-wide criteria
pollutant emissions (Section 4.4). The permit provides one month for these cal culations to be
completed; in other words, the site has one month from the end of the 12-month period to
complete that period's totals. For example, the site would have until February 1 to calculatethe
12-month rolling total of criteria pollutant emissions for the 12 month period ending December
31.

If the 12-month rolling total of criteria pollutant emissions triggers a higher tier, the site will
have to begin the additional monitoring, recordkeeping and reporting that the new tier requires.
For example, if the 12-month rolling total of criteria pollutant emissions increases from 70% to
75% of thetotal criteria pollutant cap, the site has to change from tier | requirementsto tier II
requirements. In most cases, the additional effort to prepareto comply with the higher tier's
requirements may take a significant amount of time; however, the permit allows one month after
calculation of the 12-month rolling total to begin complying with the new tier's provisions. This
means that the tier that was triggered for the period ending two months prior isthe tier to which
thesite is subject.

For example, assume that the total criteria pollutant emissionscap is 1202 TPY. 70% of the cap

is840 TPY, and 75%is902 TPY. Also assumethat the site had the following total criteria
pollutant emissions.

12-Month Period | 12-Month Tier
Total Criteria | Corresponding to
Pollutant 12-Month Total
Emissions
(TPY)

1/1/98-12/31/98 | 840 [

2/1/98-1/31/99 840 I

3/1/98-2/28/99 902 I

4/1/98-3/31/99 210 il

5/1/98-4/30/99 920 11

Section 4.4.1 requiresthat the site complete these 12-month totals by the following dates:

12-Month Period | 12-Month Tier Complete
Total Criteria Corresponding to | Calculation for
Pollutant 12-Month Total 12-Month Period
Emissions by:
(TPY)
1/1/98-12/31/98 | 840 1 2/1/99
2/1/98-1/31/99 840 1 3/1/99
3/1/98-2/28/99 902 II 4/1/99
4/1/98-3/31/99 910 I 5/1/99
5/1/98-4/30/99 920 II 6/1/99

Since Merck will onl'y determine on 4/1/99 that the site-wide emissions for the period 311198
2/28/99 triggered the tier I requirements, the site will have one month from 4/1/99 to prepare to
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comply with thetier IT provisions, and begin monitoring, recordkeeping and reporting based on
tier II by 5/1/99:

12-Month Period | 12-Month Tier Complete Monitoring,
Total Criteria | Correspondingto | Calculation for recordkeeping
Pollutant 12-MonthTotal | 12-Month Period | and reporting tier
Emissions by: to be used:
(TPY)

1/1/98-12/31/98 | 840 1 2/1/99 2/1/99: 1

2/1/98-1/31/99 840 1 3/1/99 3/1/99: 1

3/1/98-2/28/99 902 11 4/1/99 4/1/99: 1

4/1/98-3/31/99 910 1 5/1/99 5/1/99: 1

5/1/98-4/30/99 920 I 6/1/99 6/1/99: 11

This one month “lag” between when the change in tiersis determined and when the new tier's
requirements are in effect also applies when emissions decrease; if a lower tier istriggered, the
site has to continue the higher tier until one month after the cal culation was completed for the
lower 12-monthtotal.

d) Semi-Annual and Annual Requirements

In addition to monthly requirements, Table 4.2 contains semi-annual and annual reporting
requirements. Section 4.5 prescribes when these reports must be submitted. These provisions
allow two months from the end of the annual or semi-annual period to prepare and submit the
required reports.

Section 4.9 also requires Merck to prepare an annual progress report, which isto be distributed
to the project stakeholders and to other interested parties. Thisannual report is intended to foster
communication between the facility and the community about the progressof the project, how it
isworking at the site, and what benefits have resulted to date. It isnot intended to beatool for
measuring compliance with the permit terms; as such, it will not includea certification
statement, for example.

e) Emission Calculation Techniques

Accurate emission calculations isa key element in assessing compliance with emission limits.
The permit containsseveral provisionswhich will assure that current emission calculation
techniques are used to determine the site's compliance with the site-wide emissionscaps. These
include Section 6.1.1, which isthe primary mechanism for assuring that current emission
calculation techniques will continue to be used throughout the life of the permit. This section is
discussed further in Section 6 below. Section4.3 also pertainsto emission calculation

techniques, including which factors are to be used, adjustment for condensable PM-10 from the
gas-fired boilers, and use of updated AP-42 emission factors.

(1) Specified Calculation Techniques
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. Table 4.3 specifiesthe emission calculation techniques which shall be used to assess compliance
with the emission requirements of the permit. It specifies the method of calculation by type of
emission source and pollutant. Thisis necessary to provide assuranceto the stakeholders and the
public that methodsthat have been reviewed by EPA and VADEQ and approved by the
signatories are the only methods that will be used to assess compliance with the permit's
emission limits.

(2) Emission Calculations for Sources with Control Devices

Process emission calculation techniques for batch manufacturing operations involves in general
calculating the uncontrolled emission rate, determining the control efficiency for any control
devices, and applying that efficiency to the uncontrolled emission rate. Thesite typically uses
four types of control devices. condensers, scrubbers, thermal oxidizers/fume incinerators, and
dust collectors. When monitoring is required by the PSD permit, the dataare used in
conjunction with the efficiency determinations for each of these units, as discussed below.

(@ For AN Units

For all units, the efficiency determinations are refined as the monitoring tiers increase from | to
HI. Until the PSD permit requires monitoring for a particular unit, an estimated control
efficiency isrelied upon to determine the effectiveness of that unit. Once parametric monitoring
IS required, the monitored parameters are used to verify that the unit is meeting the performance
conditions on which the efficiency wasestimated. For example, athermal oxidizer manufacturer
may specify a 99% control efficiency for a unit, providing that the combustion chamber
temperature is at least 1450°F. The monitoring requirement will determine during which periods
the 99% efficiency can be claimed for the thermal oxidizer. If thecombustion chamber
temperature ismonitored to be less than 1450°F, a lower efficiency must be used in emission
calculations for the period between the last 1450°F reading and the next time 1450°F isreached.
The lower efficiency must have some documented basis -- either assumed to be zero, or some
other value based on manufacturer's or published data.

Once the Tier III technical evaluation istriggered (either a stack test or detailed engineering
evaluation), the basis for the efficiency estimatesfor most of the site's control devicesare
confirmed. If the Tier IIl evaluation determines that a unit is performing differently than
previously predicted, the Tier 111 evaluation will be used for all future emission calculations for
that unit, even if the monitoring tier dropsto Tier | or 11.

(b) Condensers

Control efficienciesfor process condensers are determined using the MacEmit program and the
operating characteristics of the device. For avent controlled by a condenser, the exit vapor
temperature is assumed to beat 10°C above the exit coolant temperature (a“10 degree approach
assumption™). The process emission factors are adjusted based on the cooled exit vapor
temperature, and the thermodynamic properties of the cooled vapor, after the condenser.

When monitoring is required for the device, the coolant flow is verified to ensure that the unit is

operating properly. Verifying coolant flow isoften all that is necessary to ensure proper
operation. The emission calculations are based on the exit vapor temperature, or derived from
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the exit coolant temperature data. The MacEmit program estimates vapor emissions based on
these data and thermodynamic propertiesof the streak.

At Tier ITI monitoring, this “10 degree approach assumption™ will be evaluated based on stack
tests or detailed engineering modeling.

(c) Scrubbers, Fume Incinerators, Thermal Oxidizersand Dust
Collectors

Control efficienciesfor these units are determined based on vendor performanceguarantees and
operating parameters. \WWhen monitoring is required for the device, the monitored parametersare
used to verify that the unit is operating within the range for which the performance guarantee
applies. For example, pressure drop on ascrubber is used asan indicator that the induction fan is
operating, that the packing is not plugged, or that no bypass has been inadvertently provided. As
with condensers, the rangesfor proper operation are based on the unit's design and specified
installation; verifying scrubbing liquid flow and pressure drop often will be adequate to confirm
that the scrubber is operating. In general, low scrubbing liquid flow or no flow conditions, out-
of-range pressure drops, or low combustion chamber temperatures, will be assumed to achieve
zero percent removal unless another documented control efficiency isavailable and applicable.

At Tier ITII monitoring, the vendor design control efficiency will be evaluated based on stack
testsor detailed engineering modeling. This evaluation may al so include estimation of control
efficiency at other operating conditions.

(d) Other Control Device Types Not Currently In Use at Stonewall

There are, of course, any number of other typesof control devicesthat could be installed at the
site in the future -- some still being developed or tested, or not yet invented. Such devices, once
installed, will be incorporated into the site's emission calculations. The unit would be specified
and installed based on vendor performance guarantees, operating parameters would be monitored
to verify that the unit is continuing to operate as installed; Tier 111 technical evaluation will
confirm the accuracy of the vendor performance guarantee, and may help to establish control
efficiencies at other operating conditions.

(3) PM-10 Cap Adjustment

Asdiscussed above in Section 1f, the permit allows the PM-10 cap to be adjusted based on the
amount of condensable PM-10 that the new gas-fired boilers could generate at their capacity.
This provision isin Section 4.3.2 of the permit.

(4) Updating of AP-42 Emission Factors

AP-42 isEPA's primary guidance document for many emission factors. It contains many of the
factorsthat EPA recommends for cal culation of source emissions, and iscontinually being
evaluated and updated by EPA's Office of Air Quality Planning and Standards. Table 4.3
specifiesthat for certain sources and pollutants, the 5th edition (1995) of AP-42 shall be used to
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estimate emissionsfor these sources. If EPA publishesa 6th edition of AP-42, it will very likely
contain more accurate or more comprehensive emission factors for sources such as those at the
Stonewall site. In thiscase, updating of the emission calculation techniques will be addressed by
the project stakeholders as prescribed in Section 6.1.1. However, this process requiresthe
signatoriesto achieve full consent on the use of the new factors. If agreement cannot be reached,
Section 4.3.3 provides a mechanism for the updated factors to be used to demonstrate
compliance.

The use of a new emission factor could significantly affect the site's compliance with the
emissionscaps. For example, assume an emission factor for a certain source isrevised so that
the new factor is two times the previousfactor. If that source was included in the baseline, use
of the new factor should include an increase in the baseline, and a corresponding increase in the
emissions cap(s) determined from the basdline. Otherwise, the new factor would consume a
portion of thesite's operating margin under the cap, potentially resulting in the site violating the
cap. Update of emission factors should not have such an effect on the operation of the permit.
Consequently, use of updated emission factors must include an evaluation of whether adjustment
of the baseline, HEP, current actual emissionsand emissions caps is warranted.

Section 4.3.3 istriggered if:

e the AP-42 emission factors described in Table 4.3 are updated,

e the project signatories fail to agreeon the appropriate changes to the emission factors, and
necessary adjustments to the baseline, HEP, current actual emissions and emissions caps, and

e VADEQ describes to the project stakeholders in writing that use of the updated AP-42
factorsis important for the technical validity of the site's emission calculations.

Such circumstances should be rare, considering the stakeholder process described in Section 6.

If it is necessary, VADEQ must obtain from Merck confirmation that the emission source(s) at
the site are the same type of sources as those for which the AP-42 emission factor applies.
Merck has unique knowledge of the Stonewall site's processesand operations, and therefore
should have input into whether it is appropriate to apply the AP-42 emission factor to the site's
source(s). |n some cases, the sources upon which the AP-42 factors are based may be
significantly different in operation and emission characteristics from Merck sources, thus
preventing the application of the factor to the site. Merck would have the responsibility of
explaining this difference to VADEQ.

VADEQ also shall obtain agreement from Merck on how the emissions caps, HEP and current
actual emissions should be adjusted to reflect the updated emission factor. In most cases,
adjustment of the emissions caps would beappropriate for unitsthat were included in the site's
baseline (1992/1993), since they formed the basis for the emissions caps. There may be other
limited circumstances, however, which would warrant some cap adjustment for non-baseline
units. If so, Merck will justify to the VADEQ and other stakeholders the reasons for proposing a
cap adjustment for non-baseline units.

The change to the AP-42 emission factor would be reflected in the permit as a modification to
Table 4.3, and any necessary changes to theemissions caps. |If acap adjustment was necessary,
it would have to be incorporated into the permit at the same time that the new AP-42 factor is
approved for use by thesite. Otherwise, the site could be required to use a new factor without
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having the appropriate cap(s) under which to operate. Such permit modifications would be
initiated by VADEQ according to the permit modification proceduresthat apply to the PSD
permit. Until the change is made final in the permit, Merck would be obligated to follow the
emission calculation techniques specified in Table 4.3.

n HAP Monitoring and Testing Requirements

Merck's XL project does not provide relief from any applicable hazardousair pollutant (HAP)
regulation promulgated under Section 112(d) of the CAA. In fact, severa of the 112(d)
standards, otherwise known as Maximum Achievable Control Technology (MACT) standards,
will require that the Stonewall site install certain control devices and monitor and test the
operation of certain equipment. If aMACT standard requires monitoring or emission testing for
aunit that also has monitoring or testing requirements under this permit, the site could
potentially befaced with slightly different but mainly duplicate requirements.

For example, Table 4.2 requires that scrubber water flow and differential pressure be monitored
continuously on all scrubbers when tier I and TII requirementsare effective (Table 4.2, F.41).
The objective of this requirement isto assure that these scrubbers are operating properly. Such
devices could also be subject to continuous monitoring requirements under a MACT standard,
also aimed at assessing the units' performance. These requirements could be similar, but
different enough to require a separate set of monitoring equipment or procedures. This
duplication would be counterproductive and contrary to the XL approach.

Section 4.11 addresses such situation. If acontrol device is subject to a monitoring requirement
under aMACT standard, compliance with the MACT control device monitoring requirement
shall be deemed to be compliance with any Section 4 monitoring requirement applicable to that
same control device. This approach isjustified on the premise that monitoring undera MACT
standard must be accurate enough to assess the unit's performance with regard to HAP
emissions, so it certainly would be accurate enough for criteria pollutants. Section 4.11.2
provides similar relief from emission testing requirements, to prevent duplicate testing of the
same deviceto satisfy a MACT standard and this permit. These permit terms reflect the
common sense approach encouraged by the XL program.

g) Other Regquirements

Section 4 also contains two additional requirements.

Section 4.10 applies to monitoring systemsfor any individual control device that controls a vent
with actual uncontrolled emissions of at least 100 TPY of any individual criteria pollutant. This
section requires that the monitoring system collect dataat least 75% of the time that the control
deviceisoperating. If thispercent datacollection isnot met, it is not considered a permit
violation. Rather, two options are available to resolve the missing information: either verify
independent of the monitoring system that the control device was operating properly during the
time that the system failed to collect data, or assume that the device was not operating during
that period. This provision will assure that for large emission sources some verification will be
made that the control device isoperating, or else it will be assumed to not be running for
purposes of emission calculations during that period.
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Merck plansto maintain alist of control devices subject to this 75% data collection requirement,
and record monthly whether the 75% rate was met. If it was not met, recordswill document
whether independent means were used to verify that the control device was operating properly,
or emission calculations were adjusted to assume that the control device was not operating.

Section 4.12 requires Merck to notify the VADEQ of certain control device malfunctions or
bypasses. If acontrol device listed in Table 1.3.3 or required under Section 1.3.2 malfunctions
or is bypassed, and the total criteria pollutant emissions resulting from such an event are
expected to exceed 5% of the current total emissions cap, Merck is required to provide
notification to VADEQ within a certain time period. VADEQ requiresthisinformation in order
to answer any public questions about such events.

5 Phaseln Of PSD Permit Terms

The PSD permit requires Merck to operate under emissions caps, convert the powerhouse and to
comply with certain monitoring, recordkeeping and reporting requirements. It also provides
relief from regulations governing criteria pollutants, including preconstruction permitting and
requirements of existing permits. A basic premiseof the project is that the regulatory relief is
granted at the same time the additional requirementsare imposed. For this reason, some
provision to allow the permit termsto be phased in were included in the permit.

Section 5 specifiesthat all sections of the permit are effective upon the effective date of the
permit except Sections 1, 3 and 4. Sections 1,3 and 4 require the site to operate under the cap,
provide regulatory relief and require monitoring, recordkeeping and reporting. They are
effective 12 months after the powerhouse conversion is completed, or sometime sooner if Merck
elects to operate under the caps beforethisdate. The intent of this section isto set a deadline
when all sections of the permit will be effective, while providing an incentiveto the siteto
minimize its emissions even prior to the conversion of the powerhouse, with the prospect of
obtaining operational flexibility under the permit sooner. The sooner that the caps and the
regulatory flexibility are effective, the sooner the environmental benefitsfrom this project will
begin to be realized.

However, operation under the emissions caps may bedifficult before the conversion is
completed, especially considering that the site's emissionsin the next few years are not likely to
be low enough to provide sufficient operating margin under the emissions caps. It isfor this
reason that the caps will not be adjusted downward until the powerhouse conversion is
completed (see Section 1.2.1).

Figure 2 shows the timeline for the powerhouse conversion and setting and initial adjustment of
the emissionscaps. All the dates are based on when the permit is effective, shown as month 0 on
thefigure. The following milestones are listed on thisfigure:

e O months: effective date of permit, aswell asthe date that the site-wide emissions caps
would be established according to section 1.1. The capswould not be effective unless Merck
opted in early asdescribed in Section 5.2.

e 6 months: expected date for a contract with a boiler manufacturer (Section 2.2.1)

e 12 months: last date for a contract with a boiler manufacturer (Section 2.2.1)

e 18 months: expected date for completion of the powerhouse conversion (Section 2.2.2)
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e 30 months. last date for completion of the powerhouse conversion (Section 2.2.2). It isalso
thisdate that the site-wide emissions caps, if effective, would be adjusted downward as
prescribed in Section 1.2.1.

e 42 months: datethat the emissions caps (as adjusted in Section 1.2.1) would be effective,
unless Merck opted in earlier. Thisdate is actually set to 12 months after the conversion is
completed; if the conversion was completed sooner than 30 months after permit issuance, the
caps would be effective sooner than 42 months.

Until the emissions caps are effective, the existing regulations and preconstruction permits will
remain in effect. For example, the preconstruction permitting program would still be in effect
during thistime; any process modification or new installation that triggers the permitting
thresholds in the Virginia regulations or the delegated Virginia PSD program at 40 CFR 52.2451
would require a permit before construction. All such permitsand the regulations listed in
Section 3 would cease to apply aswritten® once Sections 1,3 and 4 (the caps, the regulatory
relief and the monitoring, recordkeeping and reporting) are in effect.

If the emissions caps become effective prior to the completion of the powerhouse conversion --
in other words, if Merck electsto opt into the caps to obtain regulatory relief before the initial
adjustment of the caps -- Section 5.3 requiresthat a performance test be conducted on any
control deviceinstalled pursuant to Section 1.3.2 excluding condensers and conservation vents.
Such control devicesare likely to play an important role in ensuring that the site does not violate
the emissions caps, since they are controlling sources that meet the significance levels of Section
1.3.2(b). During thisinterim period, performancetests will help to accurately assessemissions
from these units. Thisrequirement will only be in effect if Merck opts into the caps before
completion of the powerhouse conversion, and would cease to be applicable once Section 1.2.1
becomes effective.

6. Periodic Review Of The PSD Per mit

a) General

One of the most unique features of Merck's XL project and the PSD permit isthat it providesfor
periodic review of the permit by the project stakeholders. Typically, the issuance of a permit and
the ongoing compliance with itsterms are activities that predominately involve the permittee and
the permitting agency. Merck's Project XL is groundbreaking in that it sets a new approach to
community involvement, both in the formation of the project, as well as the ongoing operation of
the permit.

Merck relied on a local stakeholder processfor the formation of the project and devel opment of
the draft PSD permit. The stakeholder group included several "' signatory teams," representing
government agencies, the community and Merck. These signatory teamswere: EPA
(represented by Region IT1, Office of Air Quality Planning and Standards, and Office of Pollution
Prevention and Evaluation), VADEQ (represented by the Valley Office and Headquarters), the
U.S. Department of the Interior Federal Land Manager (represented by the National Park Service

8

Meaning that compliance with the permit would be deemed to be compliance with the listed rules
and permits.
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offices in Washington, D.C. and Denver, Shenandoah National Park, and the Department of
Interior), Merck (represented by the Stonewall site, corporate environmental, corporate legal and
public affairs), and Rockingham County (represented by the chairman of the Board of
Supervisors for Rockingham County, the Elkton Town Manager and two plant neighbors). The
County was designated as a project signatory at the request of the community team, in order to
ensure long-term representation of community interests. In addition, other parties were included
in the stakeholder discussions, including the Southern Environmental Law Center, the Virginia
Consortium for Clean Air, and the Natural Resources Defense Council. These groups provided
valuable input during the process and raised many issues which were fully considered by the
project signatories and that affected the scope of the project.

This group met on a weekly basisfor over six months to discuss and resolve the scope of

Merck's XL project and how the regulatory system should be changed to accommodate it. While
disagreements were encountered, the signatories achieved general consensus on the project and
the draft permit attached to the proposed Final Project Agreement (FPA). The signatories
strongly supported proceeding to seek public comment on the proposed FPA. Besidesthe
dedication of the group members, this general consensus was possible because the stakeholders
were driven by acommon goal: to create a project that would providesuperior environmental
performance while granting the site greater operational flexibility.

Section 6 of the permit continues this stakeholder processin aregular review of the PSD permit.
The permit allows the terms and conditions of the permit to be reviewed at certain intervalsto
assurethat it will continue to meet the objectives of the project. The permit providesfor a
review for certain issues every five years, and others when specified emission levels are reached.
Because the permit was the result of a consensus process, changesto the permit resulting from
the review can only be made through full consent of the project signatories. This means that the
project signatories al have to agreethat the change(s) to the permit should be made. In the same
way that the group reached consensus in the formation of this project, it is expected consensus
will be achievable during the reviews based on the group's shared concern for the environment
and interest in the viability of the Stonewall site.

The intent of this section isto foster an open processthat providesfor ongoing dialogue with
peoplethat have a stake in the project. It is expected that the same interaction among
stakeholders will occur during thefive-year reviews, and that the project signatories will fully
consider concerns and issues raised by all the stakeholders before reaching decisionson permit
changes. This section statesthat discussion of issues brought by any stakeholder relating to the
PSD permit may occur as heeded. However, this section does specify that aspects of the permit
other than those described in Sections 6.1 or 6.2 are not subject to review except as otherwise
agreed to by full consent of the project signatories. The periodic reviewsare not intended to be
“permit reinvention sessions.” Rather, this section providesfor regular review of certain
provisions, and adjustment if necessary if unanticipated circumstances arise. These provisions
are described in more detail below.

In addition, the circumstances described in this section would not necessarily need to be
addressed through a permit change. For example, Section 6.1.2 providesfor the consideration of
permit changes if EPA adds, deletes, or modifiesthe list of criteria pollutants or National
Ambient Air Quality Standards (NAAQSs). A new or modified criteria pollutant would not
require a permit change. A change in aNAAQS may result in new or modified regulations, and
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may not need any response in the permit at all. 1f anew criteria pollutant is added by EPA, the
signatories would have the option of whether to add that pollutant to the list of those criteria
pollutants addressed by this permit. Such achange would require modification of several permit
provisions (total emissions caps, Section 3, efc.), as well as the administrative permit
modification procedures applicable to the site (which could include public notice and comment).
If agreed to by the signatories, however, inclusion of such new pollutant would expand the
superior environmental performance approach taken in the permit to the new pollutant as well.

b) Modification of the Permit

Changes to the terms and conditions of the permit, except as described below, are made only
through full signatory consent. Once the signatories agree on a change, however, the
administrative process prescribed by EPA’s site-specificrule and the Virginia variance will
govern how the change is incorporated into the permit. For minor changes specified in the site-
specific rule and variance, the administrative process would be followed to incorporate the
permit change as described by the signatories. For significant changes, the modification would
have to undergo public notice and comment. Public comments received on these changes would
need to be addressed by either VADEQ or EPA, with the assistance of the stakeholder group if
necessary. If the public comment warrantsa change to how the modification would be
incorporated into the permit, such a decision must be referred back to the stakeholder group for
further deliberation. If the permit modification as revised to address public comment is
acceptable to the signatories, the modification would be incorporated into the permit. Otherwise,
an approach agreeableto the group would have to be formulated. In any case, the exact
administrative procedure would be governed by the permit modification process in the site-
specific rule and variance.

Section 6 also states that the permit could also be modified pursuant to PSD permit modification
proceduresgenerally applicable to al PSD permits. No such permit modification procedures
exist at thistime. If, however, EPA does promulgaterulesthat prescribe administrative
requirements for making changes to PSD permits, and those rulesare generally applicable to
PSD permits, these administrative rules would be applicable to the permit. Such a process would
not be subject to the consensus procedure described above. Such ruleswould affect only the
procedures used to modify permit termsand conditions, and not the terms and conditions
themselves. If PSD permit modification rules could potentially impose substantive requirements
on PSD permittees, EPA would not intend for those requirementsto apply to Merck's PSD
permit, in light of its unique nature, unlessthey includea site-specific proceeding with full
consideration of any impacts on the Merck project (or unlessotherwise authorized by the permit,
e.g., by full consent of the signatories). EPA also does not intend to adopt requirements that
could undermine the objectives of the Merck project to provide superior environmental
performance while granting the site operational flexibility.

¢) Makeup of the Stakeholder Group

A project stakeholder is someone who has been identified as having a direct stake in the project -
- someone who will be directly affected by the success or failure of the project. In addition to
the project signatories-- EPA, VADEQ, the Department of the Interior Federal Land Manager
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(DOI FLM), Rockingham County, and Merck -- up to one representative from aregional public
interest group shall be included as a project stakeholder (see Section 12.6.2). Representatives of
EPA, VADEQ, DOI FLM and Merck will be one or more employees of these respective
organizations. For Rockingham County, the permit specifies that this signatory team will be
comprised of amember or employee of the board of supervisors, plusthree additional
community representatives (local government and/or community residents). Thisorganization is
consistent with the stakeholder group assembled for the devel opment of this project.

The permit intentionally does not specify the exact makeup of the community representatives.
By specifying the exact makeup of this group, other partieswould be excluded that might be just
as appropriate as community representatives. Thisis left up to the signatoriesjust prior to the 5-
year review, based on who is available to commit the time needed to participate, who is
interested and has information that would be pertinent to the discussion, etc. These decisions are
teft to Rockingham County and the signatories at the time of the 5-year review.

Regional public interest groups will bean important part of the ongoing stakeholder process, just
asthese groups input was valuable during the drafting of the permit. Including a regional public
interest group representative on the stakeholder group is unique in environmental permitting, and
will help assure that such local public interest viewsare fully considered by the stakeholder

group.

Shenandoah Nationa Park has many patronsfrom around the world, and many individuals
interested in the preservation of air quality of thisarea. The permit does give specia
consideration to local community members. Project XL placessignificant emphasison local
community involvement, while providing an open processand communication with all interested
parties. The Merck XL project preserves thisimportant balance by establishing a signatory team
charged with representing local interests. In addition, the permit requiresthat Merck

communi cate about the accomplishments of the project to al interested parties on an annual
basis.

The individuals who will represent the stakeholders are to be direct employees of the
organizations they represent (see Section 12.6). This stipulation will avoid concern raised by
stakeholders about contractors, consultants, or other non-employeeson the stakeholder group not
being fully empowered to represent the intended stakeholder, and perhapseven attempting to
represent interests of the organizations that directly employ them rather than those of the
stakeholder. If the stakeholder group desires to obtain expertise of someone not represented at
thetable, such asan independent air quality expert or local botanist, these people could be
brought to the group after all signatories agree on their participation. Of course thisstipulation
does not apply to local citizens, who represent no particular organization. It does apply to
Merck, VADEQ, EPA, DOI FLM, Rockingham County Board of Supervisors (a county
employee or a member of the board), and for the regional public interest group.

d) Topics For the Five-Year Review

Section 6.1 providesfor the project stakeholders to review whether certain changes to the permit
arerequired. Thisreview isto be held within three months of the five year anniversary of
completion of the powerhouse conversion, and every fiveyears thereafter. If stakeholders
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schedules, especially those of the community representatives, require the review to be sometime
slightly before or after thisthree month period, the process will have enough flexibility to
accommodate this.

Discussion of issues brought by the stakeholders relating to the PSD permit may occur as
needed. Thetopicsthat may be reviewed by the stakeholdersare listed at Section 6.1.1 through
6.1.9. They are:

6.1.1. Significant changes in calculation methods: to assure that the emission calculation
techniques used by the site reflect current methodsfor determining the site's emissions.

6.1.2. Change in the list of criteria pollutantsor National Ambient Air Quality Standards
(NAAQS): toallow the stakeholders to consider whether a new pollutant should be
covered by this permit, or whether other adjustments may be appropriate based on changes
tothe NAAQSs.

6.1.3. Control technologies listed in Section 1.3.2(c): to assure that the list of control
technologies that represent good environmental engineering practice reflects the latest
advances in control technology applicable to the site.

6.1.4. Adeguacy of the monitoring, recordkeeping and reporting requirements. to assure that
these requirements provide necessary compliance information, and to review whether any
are duplicative or otherwise unnecessary.

6.1.5. Procedure for new criteria pollutant regulations: to allow the stakeholders to consider
revising the detailed proceduresfor review and approval of cap adjustments for new or
newly triggered criteria pollutant regulations in Section 1.2.2.

6.1.6. Permit termination criteria: to assure that these termination criteria are appropriate.

6.1.7. Modeling for short-term PM-10 and SO, emissions. Merck performed modeling of the
site's worst case emissions to demonstrate that the permit would not result in violation of
the short-term PM-10 and SO, standards (included as Appendix 5%). This modeling isto
be periodically reviewed to assure that it still reflectsthesite's configuration and worst
case emissions of these pollutants. Merck isobligated to redo the modeling if site
conditions have changed significantly and if requested by VADEQ or EPA.

6.1.8. Determination that the areaisNO, -limited for ozone formation: if brought to the group
by a stakeholder, technical papersor studies will be reviewed to determine if they change
the generally recognized determination that the area is NO,-limited for ozone formation.
This review condition does not impose an obligation on Merck or another party to perform
a literature search or to sponsor studies.

6.1.9. Periodic review criteria: the stakeholders also have the ability to consider revising these
review criteria if necessary.

e) TopicsReviewedat Certain Emission Levels

The stakeholders also included in the permit two important reviewsthat are triggered if certain

emission levelsare reached: for air quality related values (AQRVs), and for emissions of non-
HAP VOCs.

Section 6.2.1 requires AQRYV assessments after one of the following events occur:

° The modding aso addressed potentia CO impects.
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e if anindividua new processor process modificationis installed that resultsin a net
emissions increase in the site's actual VOC emissions of 100 TPY or more(6.2.1(a)(i)), or
e thefirst timethe site's VOC emissions exceed two timesthe baseline VOC level.

Thetrigger in 6.2.1(a)(i) is based on a net increase in the site's actual VOC emissionsof 100
TPY or more. Theterm ' net increase” is not intended to suggest the netting cal cul ations
provided in the PSD regulationsthat allow, for example, consideration of afive-year
contemporaneous window. Rather, it isintended to encompass the specific new or modified
installation only. Emission increases and decreases occurring at the site as a part of the new or
modified installation project would be totaled to determine if the 100 TPY threshold is reached.
This XL project isintended to replace these complex regulatory schemes with simple,
straightforward requirements.

Section 6.2.1(b) describes the assessment that would be performed if triggered in (a). While
Merck would perform the assessment, assistance would be needed from the NPSfor the
demonstrated AQRV evaluation methods. Any AQRV assessment triggered by the PSD permit
will be performed in accordance with established NPS proceduresin place a the time of the
assessment. These should be quantitative measuresthat are demonstrated to be accurate, so that
little if any qualitative judgment would be necessary to makethe evaluation.

Once the AQRYV assessment is performed in (b), the stakeholders would eval uate whether
Merck's VOC emissions are the cause of adverse impactson any AQRV intheClass| area.
(Section 6.2.1(c)). If thesignatories agreed, Merck would be required to implement mitigation
measuresto address this impact. The measuresthat would be required must be agreed upon by
the signatories.

Section 6.2.2 requires certain modeling the first time the site's VOC emissions reach 125% of
the baseline (i.e., 510 TPY). This modeling isalso required thefirst time thesite's emissions
reach 100 TPY increments above thislevel; i.e. at 610 TPY, 710 TPY, etc. Remodeling would
not be required if the site's emissions reached 510 TPY, dropped below this level, and increased
to 510 TPY again, for example. Modeling isonly required when the site's emissions reach the
level for thefirst time.

When Section 6.2.2 istriggered, Merck isrequired to providethe list of non-HAP VOCs emitted
from the facility in the previous 12 months. EPA would conduct a review of thescientific
literature for any new information pertaining to the health effects of these compounds and
provide the information to the stakehol ders.

Merck also would be required to perform modeling of the emissions of these compounds to
predict average property line concentrations. These concentrations would be compared to levels
established by the Virginiaair toxics rule. This section would require Merck to take action if
any of the Virginia levelswere predicted to be exceeded: either to demonstrate that the Virginia
level isinappropriate by showing that the emissions produce no endangerment of human health,
or to implement changes at the site resulting in ambient concentrations of the compound that are
below the Virginia levelsor are otherwise acceptableto VADEQ.

This section also would allow this modeling requirement to be changed if necessary, for example
if Virginia significantly changes itsair toxics program in light of EPA’s developing MACT
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requirements. No changesto this provision would be made without full signatory consent,
however.

7. Duration Of The PSD Per mit

This XL project isintended to replace certain existing regulatory requirements with requirements
in the permit which will result in superior environmental performance. Assuch, itisa
permanent replacement; the permit is not provided with a specific termination date. Section 7
specifiesthat the permit shall continue to be in effect unlessterminated as specified in Section 8
(termination for certain actions) or Section 11 (termination associated with transfer of ownership
of the facility). This isespecially important because of the large capital investment that Merck
will be making in the powerhouse. As mentioned above, thisinvestment is not otherwise
necessary for operational or regulatory reasons.

The signatories agreed to give the permit no end date because:
Merck is making asignificant capital investment in the powerhouseconversion;
the permit isintended to be a permanent, superior replacement for certain existing
requirements,
other PSD permits also do not have a termination date; and

e the permit contains certain provisionswhich allow for adjustments if certain conditions
change in the future (Section 6), and for termination for certain reasons(Section 8).

8. Termination Of The PSD Permit

Asdiscussed above, it isanticipated that the permit will remain in effect long into the future.
Nevertheless, the permit providesfor itsown termination if certain conditions are met. 1f EPA
or VADEQ determine that the plant's operations under the PSD permit result in imminent and
substantial endangerment to public health or welfare or the environment, termination may result.
Severa specific actions by Merck could also result in permit termination, such asfailureto
implement the powerhouse conversion, knowingly falsifying emissions data, or exceeding the
total emissions cap. Accumulation of four consent orders or two judgments against Merck
related to permit non-compliance in any five year period could be groundsfor termination, if
they are deemed material. The decision regarding materiality will be made by the agency
initiating the termination action. The signatories may terminate the permit for any reason at any
time if there isfull consent to do so. In addition, VADEQ reserves whatever statutory authority
it hasto terminate any air permits.

There isan exemption from termination in situations where the cause of termination is not
reasonably foreseeable and is beyond Merck's control. Thisisknown asa"force mageure”
exemption. If, for example, the powerhouse conversion is not completed on time because the
boiler factory floods, it would be improper to terminate the permit on that basis since Merck
could neither foresee nor control the delayed boiler delivery. Under those circumstances, Merck
would notify EPA and VADEQ of the delay, its cause, and arevised timeframefor project
completion within seven days of becoming aware of the delay.
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If atermination action isinitiated, the VADEQ or EPA must notify the signatories of their intent
in writing. Merck has 30 days after notification to remedy the cause of termination, or to
establish a planto do so. If the remedy isjudged to be satisfactory by the terminating agency,
the proposal to terminate will be withdrawn; otherwise the permit would be terminated.

Since Merck's TitleV permit under Project XL will be substantially simpler than it would be
otherwise, termination of the XL PSD permit would require substantial revisions to the plant's
Title V permit. In the event of termination, Merck would meet with the Title V permitting
agency to agree upon a revised set of Title V applicable requirements. The plant's revised Title
V permit application would befiled within one year of notice of intent to terminate the PSD
permit, or in some other timeframe agreed to with the agency. Between the time of the notice of
intent to terminate the PSD permit and completeness determination of the revised TitleV permit
application, Merck would continue to abide by all requirementsof the PSD permit that were in
effect at the time of termination. TheTitleV permitting agency would then issue an order that
Merck should begin operating in accordance with al applicable requirementsin the revised Title
V application pending issuance of the Title V permit, and the PSD permit would be terminated.

If the plant's emissionsexceed the total emissions cap during the termination process, emission
increases would only be allowed with prior approval of the permitting agency and receipt of the
required preconstruction permits.

9. Inspection And Entry

Authorized EPA and VADEQ employees have a right, as provided in Section 9 of the permit, to
enter the plant at reasonable timesfor the purpose of collecting information relevant to PSD
permit compliance. This information collection could take the form of facilities and equipment
inspections (including pollution control equipment), observation of work practices that have a
bearing on emissions, inspection and/or copying of records required to be kept by the PSD
permit, and inspection of other batch records needed to verify emissions. Sampling or
monitoring for the purpose of PSD permit compliance verification may be performed.
Obstruction or interference in these activities could be considered a permit violation and could
result in civil penalties.

Merck has a responsibility to assure the safety of any individual who enters the site, and Merck
would require that al inspection activities be performed in accordance with corporate safety
policies. Such policies may require the use of personal protective equipment to enter certain
areas, or may preclude entry to certain areas during hazardous operations.

Merck also hasa responsibility, based on Food and Drug Administration regulations, to assure
the safety, purity, and effectiveness of its pharmaceutical products. All inspection activities must
be conducted consistent with Good Manufacturing Practices in force at the site in order to assure
product integrity.

10. Resewation Of Rights

This section reserves the rights of the project signatories in the same manner as under any other
PSD permit. EPA and VADEQ retain the right to enforce the permit and take certain actions
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necessary as provided under law. Merck also retains what rights and defenses it hasto appesal
enforcement or termination actions as provided under state and federal regulationsand law.

11. Transfer Of Ownership

Environmental permitsare an important part of afacility's production capability; without
permits, the facility's processeswould not be allowed to operate. Asa result, they are as
valuable asthe site's manufacturing equipment, and an important asset to the facility's owner. |f
afacility issold, virtualy al permitsallow for the transfer of the permitsto the new owner.

On the other hand, Merck's selection for participation in EPA’s XL program was premised on
Merck's reputation as a progressive environmental company. Opportunities for operational
flexibility while providing superior environmental protection under Project XL are not afforded
to companies with a poor environmental performance history. Therefore, transfer of the XL
permit cannot be automatic. A new facility owner would have to be reviewed by the project
stakehol ders before continuation of the permit would be allowed.

Section 11 of the PSD permit contains this provision. It allowsfor the permit to be transferred to
anew owner upon saleof thesite. It requires Merck to notify the stakeholders of the sale, and
the new owner to submit the 12-month rolling total of criteria pollutant emissions on a monthly
basisfor thefirst 12 months of ownership. This monthly report would be required regardless of
the reporting tier that the facility was operating under during that time. It would give the new
owner the opportunity to demonstrate to the stakeholders his intent to operate the facility in the
same environmentally protective manner that Merck had been operating.

After 12 months, the stakeholder group (minus Merck and including a representative of the new
owner) would reconvene to review the permit as provided in Section 6.1. Essentially, the five-
year review would be moved up to take place at 12 months after the change in ownership.'® The
review would also include the affirmative renewal of the permit by the project signatories; in
other words, the project signatories would have to agree that the permit should continue, or else
the permit would be terminated as provided in Section 8.4. It isexpected that the new owner
would be given an impartial assessment by the stakeholders, considering the owner's good faith
efforts over thefirst 12-month period and the permit's long term environmental benefits.

12. Definitions For TermsIn The PSD Permit

This section contains definitions that pertain to the permit. These definitions are either self-
explanatory or are discussed above.

10 The next five-year review would take placefive years after this review.
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PRQJECT XL - Merck Stonewall Plant

Support Documentation for BaselineAir Emissionsaf Criteria Pollutants - 1992 -
1993 Operations

Background:

TheMerck Stonewall Plant employsabout 770 peoplein arange of pharmaceutical
manufacturing activities such asfermentation, sol vent extraction, organic synthesis, and
finishing operations. Under Project XL the Merck Stonewall Plant proposesto operate
under site-wide criteria pollutant emissionscaps (limits) as described in the draft XL
permit. Thetota criteriapollutant emissionscap isthe average of actual total criteria
pollutant emissionsfrom the sitefor 1992 and 1993 shown in Attachment |. Emissions of
acetone were not included in the baselinesincethischemical isno longer aregulated air
pollutant. The purpose of thisdocument isto summarize the basisof the calculations used
to develop the total emissions cap and to serveas technical support for theemissionsin
the 1992 - 1993 criteria pollutant basdine.

Discussion of Emissions Calculations
General

The Stonewall plant pharmaceutical manufacturing processes are primarily batch
operationsfrom which the mgority of site-wideemissions of volatile organic compounds
(VOCs) areemitted. The pharmaceutica processesare supported by utilitiesincludinga
powerhouse (two coa-fired boilers and one oil-fired standby boiler), wastewater
treatment system, bulk storage tanks, central solvent recovery operations, dudge
incinerator, solid wasteincinerator, and internal combustion engineswhich serveas
emergency generators. Each of theseemission sourcesand the basisfor calculating
emissionsisdescribed in moredetail in the following sections. Becauseof the
fundamental differencesin caculating emissionsassociated with batch pharmaceutical
manufacturing (and support facilities) and cal culating emissonsfrom combustion
sources, each of these categories of emissionsourcesisdiscussed separately.

1. Batch Pharmaceutical Manufacturing .
1.1 ProcessVent Emissions

Batch pharmaceutical facilitiesare complex operationswhich emit VOCs from a variety
of processvesselsand operations. Merck & Co., Inc. uses mlmpg@ngn_mg_d
engineering equations in EPA's Control Techniques Guideline (CTG) series entitled
"Control of Volatile Organic Emissionsfrom Manufactureof Synthesized Pharmaceutical
Products’ (EPA -450/2-78-029) to quantify emissionsfrom these processes. Thisisaa

the only EPA approved methed-Control Techniques Guideline containing methods for



quantifying \V OC emissionsfrom these-pharmaceutical manufacturing operations. Merck
has devel oped two computer-medels programs, MacEmit and Emit 10, based-en-which
incorporate the emission estimating equations in the-1978-EPA’s CTG. MacEmit and
EM T 10 may be used for al process operationsexcept bulk tank breathing losses, which
are only computed usingthe EM T 10 modd. These programswere demonstratedto be |
equivalent to manually using the CTG equations; thisvalidation isdocumentedin
AttachmentsII-V. Attachment II providesasummary comparing theresultsof using
hand calculations, EM T 10, and MacEmit for the various operations associated with
pharmaceutical batch processes. Attachments 111 through V providethe resultsof using
hand cal culations, and dataoutput from EMIT 10 and MacEmit for the example
calculationssummarized in Attachment II. These attachmentsprovideexamplesof the
type of calculations required for these operationsand demonstratethat the computerized
emission calculation programsEMIT 10 and MacEmit utilize the 1978-CTG agorithms
and are equivalent. These medels-programs are the most proficient, cost effective method
of determining emissionsfrom our complex batch operationsand were used to compute
VOC emissionsfor 1992 - 1993.

pharmaceutlcals are manufactmed mﬂnn ngld quahty assurance controls reqmred by the
US Food and Drug Administration;-whieh slich controls establish the strict parameters
for proc ng each batch of product EQLa.paLtlcula:nmdm._Qne_batQh_ls_mn_m_th;

_mﬁld_ﬂﬂ:l_an;qusmn factor for a.sps_qxﬂgmgdustﬂg.imi(ﬁmmamhd_pm
Thus Fherefore-annual emissionsfrom a given manufacturing processdepends primarily
on the number of batches manufactured, assuming the basisfor the emissionfactor has
not changed (i.e. the manufacturing process has not changed and theemission controls
arethesame). Theemissionfactor and number of batches manufactured for each
pharmaceutical manufacturing processis used to establish the VOC emissionsfor agiven
operating year. Becauseeach pharmaceuti cal manufacturing processis registered with the
VirginiaDepartment of Environmental Quality, VOC emissionsfiom processventsfor
each process have either been reviewed and approved by the DEQ through the jssuanceof
preconstruction air permitsor by review of emissionsdatasubmitted in the annual air
emissionsinventory.

VOC emissionsfrom fermentation processesat the Stonewall Plant are negligible.

Attachment VI providesadescription of the fermentationoperationsat the Stonewall
Plant and the basisfor thisdetermination.

1.2 VOC Emissionsfrom Bulk StorageTanks
VOC emissionsfiom bulk storagetanksincludefilling lossesand breathing losses. The

Stonewall Plant usesthe EM T 10 mode to compute bulk tank breething losses. As
discussed in Section 1.1 thisvalidated computer medel-program uses theagorithmsin |



EPA's 978 CTG entitled "Control of Volatile Organic Emissionsfrom Manufacture of
Synthesized Pharmaceutical Products’ (EPA -45012-78-029). ThisCTG is-an-contains
the only approved EPA method for computing emissionsfrom these operations.
Attachment III providesthe example caculationsfor bothfilling and breathing losses
fromtanks, includingeach of the parametersconsidered (i.e. Size of tank, solvent type,
vapor pressure, etc.) and theassumptions. Asnoted abovefor VOC emissionsfrom
process vents, since each pharmaceutical manufacturing processisregistered with the
VirginiaDepartment of Environmental Quality, VOC emissionsfrom bulk storage tanks
for each pharmaceutical manufacturing process haveeither been reviewed and approved
by the DEQ through theissuanceof preconstruction air permitsor by review of emissions
datasubmitted in the annua air emissionsinventory.

1.3 VOC Emissionsfrom Centra Solvent Recovery

During 1992-1993 the Stonewall plant used atmospheric distillation columnsto recover
severd solventsfor re-use, including ethyl acetate, methanol, isopropyl acetate, xylene
and ethanol. VOC emissionsfrom central solvent recovery weredeterminedby using a)
knowledge of processoperationsduring this period, b) application of heat exchanger
software developed by B-JAC Internationd, Inc. to determinethe condensing efficiencies
of the primary condenser systemsfor the chemicalsrecovered by thisprocess(i.e. the
ability to condenseadll of the VOCs present in the condensable gas phase, and c.)
engineering principlesto determine theemissions of VOCs present in the noncondensable
gas phase. The procedure used to cd culate VOC emissionsfrom the noncondensablegas
phaseisprovided in Attachment VII.

1.4 VOC Em ssionsfrom Equipment Leaks

The Merck Stonewall plant has developed an emission factor for component leaks based
on actual measurementsof 8,000 components(flanges, valves, pumps, eic.) conducted in
1990 and 1992. The method of devel oping component - specificfactorsisknown asthe
"EPA correlation Approach™" and isoneof four EPA approved methodsfor estimating
equipment leaks as described in the EPA's document entitled " Protocol for Equipment
Leak Emission Estimates*, June 1993 (EPA-453/R-93-026). The"EPA Correation
Approach™ which issummarizedin Section 23.3 of that document, issecond in accuracy
only to the" Unit Specific Correlation Approach” described in the same document. The
methodology using theseemissionfactorsfor determining emissionsfrom process
componentshas been approved by the DEQ and currently providesthe basisfor
determining emissionsin preconstruction permitting. Attachment VIl providesan
exampleof the computer ca culations used to determinethe emissionsfor equipment
leaksfrom the Amprolium process. It also servesasan exampleof how equipment leak
computationsare donefor the other processes.

1.5 VOC Emissionsfrom Wastewater Treatment



VOC emissionsfrom the on-Site wastewater trestment system were determined through
the use of the TOXCHEM model developed by Enviromega, Ltd. TOXCHEM isan EPA
approved method for computl ng emlssonsfrom Wastewater treatment systems_wh;n

4QQEB_Ea|;t§3 Thlsmodel requlres vari ousmput parametersrqoremwtatlveof actual
operations. These dataaredescribed in Attachment IX which provides a description of
the model, the agorithmsused for calculating VOC emissons, and an example
calculationto illustrate the functionality of themodd. TOXCHEM modelingfor existing
processesi s based on actual influent test data(i.e. VOC concentration and wastewater
flow) and existing wastewater trestment configuration. The emisson rate cal culated by
TOXCHEM isdirectly proportiona to theinfluent loading, which is proportional to the
number of batchesof product manufactured in agiven process. Therefore, theVOC
emission ratedetermined by TOXCHEMresulting fiom actua influent loading in a given
year can be used to determineemissionsfor other years based on production.
Accordingly, actual influent loading datatogether with process-specificproduction rates
were used to determineemissionsfrom wastewater treatment for 1992 - 1993.

2. Powerhouse Boilers

BoilersNo. 5 and 6 combust bituminouscod and supply steam to the plant. These
identical unitswereinstalledin 1982. Each spreader stoker unit hasa maximum hegt
input rating of 1235 MMBtu per hr, Particulate matter (PM) emissionsfrom these units
arecontrolled using baghouses, and overfire air isused to minimize nitrogen oxides
(NOx) formation.

During startup of the bailers, the standard operating procedures specify that the baghouse
must be bypassed for safety purposesand to avoid blinding these devices from by-
productsof incomplete combustion (soot). Emisson factorsfor such startup eventsare
not available. Emissionsduring these episodesare assumed to be equal to norma PM-10
boiler emissionsat typical fuel usagerates, except without gpplication of thebaghouse
removal efficiency. Thisisa conservative assumption because emissionsduring startup
are higher than normal, requiring bypassof the control device.

A third boiler isused on astandby basis. Thisunit wasinstalledin 1941 and combusts
No. 2fuel oil. Thisunitisregistered asan existing sourceand has no emissions control
equipment. Theunit's energy input rate was estimated to be approximately 120 MMBtu.

per hr.
Methodology for Emissions Caleulations

Emissionratesfor criteriapollutantswere caculated usng EPA approved emission
factorsor other availableemissionsdataasthe product of the stated emission factor and
the massof coa or volume of fuel oil combusted. Thefollowing emissionsdata
spreadsheet providesa completesummary of the fuel throughput (coal and No. 2 fud ail),



theemission factorsused and the source and rating of each emissonfactor. The pages
following the emissionsdata spreadsheet provide examplecal culationsto il lustratehow
the emission rateswere calculatedin the soreedsheet. By following the directions
provided in the example cal culationsand using the datain the spreadsheet, one can
calculatethe emission ratefor each criteriapollutant in the spreadshest.

| xLcaLpozs



Operating Year Potlutant Fuel Consumption Energy Input (1) Emission Factor {EF ) Source oF E F. EF. Rating  Calculated Emissions (2)
(MM Bru/Yr) ‘ (Tons/Yr)
1992  SulurDwwde  44.320 tons Coat NA 30 (S} ibs SO2on (3) EPA - AP-42, SthEd B 6905
Sulfur Dioxde 66,000 pals No 2 KA 142(S)ibs SO2/kgal {4) EPA « AP-42, 5h Ed A 23
Nitrogen Cxdes 44,320 tons Coal 1178912 0 478 tbs NOWMMBblu CEMSData (5} NA 261.8
Nitrogen Oxndes 68,000 pals ND. 2 NA 20 s NOwkgat EPA - AP-42, SthEd A 07
Carbon Monoxide 44,320 tom Coal NA |Ib CONon NA (Permi) NA 22
Carbon Monoxide 66,000 gais No 2 NA Sibs COMxgal EPA - AP-42, Sth Ed. A 02
PM10 44320 tons Coal 1178912 008 its PM1Vmmbtu QAGPS Guidance (6) NA 354
PM10 (see 7) NA 132 Ib PM10Mon EPA - AP-42, SthEd. E 0.3
PM10 66,000 gals No 2 WA 10 los PM10/Kga! EPA - AP-42, SthEd A 00
PM10 (B) NA NA 1 6 Ibs PM/ACHI(U) EPA - AP-42, &h Ed C 43
YoC 44,320 lons Coal NA 0 06/bs VOCon EPA - AP-42, 8th Ed B 13
VoG 66.000 gals No. 2 NA 0 2 Ibs VOC/kgal EPA « AP-42, 5th Ed. A 0.0
Emissions for 1992: 10189
10607 Sulfur Droxde 44,050 tons Coal NA 38 (S) ibs SO2A0n (3) EPA - AP-42, SthEd. 8 7030
Sulfur Dioxide 21,000 gak No. 2 NA 142(S)lbs SO2/xgal {4) EPA - AP-42, SthEd A 07
Nitrogen Oxdes 44,050 tons Coal 1171730 0 478 105 NOWMMbiu CEMS Data NA 2800
Nitrogen Oxides 21,000 gals No. 2 NA 20 Jbs NOw/kgal EPA - AP-42, SthEd A 0.2
Carbon Monoxide 44,050 lons Coal NA 1ib COston NA (Pemnit) NA 220
Carbon Monoxide 21,000 gals Mo, 2 NA Sibs COMXgat EPA - AP-42 SthEd A 01
PM10 44,050 tons Coal 1174720 0 08 Ibs PM10/mmblu QAQPS Gukiance (6) NA 3352
PM10 (see T) NA 13 21b PM10A0On EPA - AP-42, Sth Ed. E 04
PMIO 21,000 gals No 2 NA 1 01os PMAal EPA - AP-42, 5th Ed A 00
PM10 (B) NA NA 1 8 ibs PM/ACHI{U) EPA - AP-42, 5th Ed C 43
Voo 44.W tons Coal NA 0 08/be VOCon EPA - AP-42, 5th Ed. a 1.3
Voo 21,000 gals No 2 NA 02 1bs VOCrkgat EPA - AP-42, SthEd A Q0
Emssions for 1933 anaT
Emissions Averags for 1992-1993: 1043.1

Summary d Emussions Irom the Powerhouse {or the 1992 - 1993 Baseline

[Notes.

(1) Caiculate the totat energy snput as tho product of the tons d coat combusted i the operating year lines the energy value d the coal (13.300 Btu's per pound d coat)

(2) Cakeulate emissions as the product d the stated emission factot and the energy input value {or the mass d ihe coal or volume d the fuel oil combusted) Example calcutalions are
provided for emissions results which are undertined and h talics.

(3) The average sulfur content of the coat for 1992 and 1933 war 0 82% and 0 84% by weight, respectively.

(4) The sulfur content in the auxihary fuel is less than of equal to G 5% by weight

¢5) CEMS Data Source’ Perfarmance Specdication Testing by Entropy Environmentatists, inc , July 1989

(6) See EPA 711719 guidance memo concerning PM-10 emissions from spreader-stoket boilers with baghouse contral {Atachment X)

(7) PM-10 emissions bomn boiler start-ups were determined Using EPA AP-42 factar A 132t PM-10 per ton of coat. actual number d stan-up. (8 and 12 lor 1892 and 1993, respectively),
andthe m a g s coal usage per stan-up of 5 tons d coal

(8) Particulate enssions from the coal pilé are bared on an average wing speed d 1 09 meters per second (the value [or " in the AP-42 factor) aind a coal pika area of 0.568 acies.
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xample i .

Example A:

Calculate the annual emissions of SO2 for 1992;

|. Caculate §02 emissionsfrom coal combustion as the product of actual tons of coal cornbusted
and theselected SO2 emissionfactor for coal combustion: use the actual sulfur content of 0.82%
for the "S" value in the emissionfactor for the operating year.

44,320 tons x 38(0.82)|bs $O2 X [ ton = 690.5tonsS02
(codl) ton cod 2,000lbs

2. Calculate SO2 emissions from the combustion of No. 2 fudl oil as the product of actual il
cornbusted and the sel ected SO2 emission factor for ail: use asulfur content of 0.5% for the"S'
value in the emission factor.

66.000 gals x 142{0.5)1bs. SO2 x 1kegal x _lton = 2.3 tonsSO2
(ail) 1 kgd 1,000 gals 2.000 lbs

3. Calculate thetotal annual SO2 emissions by adding theresultsof 1 and 2 above

6905 tonsSO2 + 23tonsSO2 = (92.8 tonsSO2

Example B

Calculate the annual emissions af NOx for 1992

Calculate theannual emissionsof NOx emissions from the combustion of coal using actual CEM data:

1. Calculate theannual energy input for cod as the product of actual tons of coal combusted and
actual energy valueot the coal combusted:

44320tons x 20001bs x 13300Btu = 1.179x10" Bwm
(Coal) Ton Ib coal



2 Usetheactud CEMdatafrom performance testingin 1989 and theannual energy input
caculatedin | aboveto calculateannua NOx emissonsfrom cod:

X 0478|1bs NOx x lton = 2818 tonsNOx
(cod) MMBtu 2,000 Ibs

3 Cdculate NOx emissionsframthe combustionof No. 2 fud ail asthe product of actud oil
combusted and the selected NOx emissionfactor for il

66000 gals x 20Ibs NOx X lkegal, X Lton = (07 tonsNOx
(ail) kga ol 1000gals 2000 Ibs

4. Cdculatethe totd annua NOx emissions by adding the resultsof 1.2 and 3 aove:

281.8tonsNOx + 0.7 tonsNOx = 2824 tons NOx

Methods for Other Calculations:

Calculation of emissions for sulfur dioxide. carbon monoxide. PM-10, and volatile organic
compounds {VOCs for each operating year iscompleted by selecting the proper emission factor
and applying it to the actual annual fuel throughput as described in Example A above.
Calculation of emissions of NOx for the 1993 operating year iScompleted using actual fuel
throughput data for 1993 in the same manner as that described in Example B above. Thedata
analysis spreadsheet provides acomplete summary of the results of these calculationsand the
basis.

XLCHPH



3 Sludee Incinerator

The multiple hearth Sludgeincinerator thermally destroys wastewater dudge generated at
the wastewater treatment plant. The unit consists of an Envirotech seven hearth fumace
and burnsNo. 2 fuel oil to supplement the heating valueof thedudge. 1ts maximum
energy input rateisapproximately 8 MMBtu per hr. Sludgesolids primarily consist of
biomass generated by the biological secondary treatment process. Emissionsof
particulate matter are controlled using venturi and impingement scrubbers.

M ethodoloev for Emissions Calcul ations

Emissionrates for criteriapollutants were calculated usng EPA gpproved emission
factorsor other available emission dataas the product of the stated emission factorsand
the mass of dudge and volume of fuel oil combusted, respectively. Thefollowing

emiss onsdataspreadsheet providesa complete summary of the throughput of dudgeand
No. 2 fuel ail, thevalueof the emission factors used and the source and rating of each
emissionfactor. The pagesfollowing the emissonsdataspreadsheet provideexample
caculationsto illustrate how the emissionrateswerecalculated in the spreadshest. By
following the directionsprovided in the example calculationsand using thedatain the
Spreadsheet, one can cal culate the emission rate for each criteria pollutant summarized in
the spreadsheet.
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Operating Year

1992

1993

Pollutant

Sulfur Dioxide
Sulfur Dioxide
Ndrogen Oxides
N i e nOxides
Carbon Monoxide
Carbon Monoxide
PM10

PM10

VvOC

voC

Sulfur Dioxide
Sulfur Dioxide
Nitrogen Oxides
Nirogen Oxides
Carbon Monoxide
Carbon Monoxide
PM10

PMIO

vocC

vOoC

Summary of Emissions from the Sludge Incineratorfor the 1992 « 1993 Baseline

Fuel Consumption
(Gals. of No. 2 Fuel Git)
NA
408,200
NA
408,200
NA
408,200
NA
408,200
NA
408,200

8 88
Bglziz
W w w

3

g
z8g

392,633

Material Throughput
(Dry Tons Sludge)
1090

NA
1090
NA
1090
NA
1090
NA
1090
NA

Emission Factor (EF)

0.2 Ibs. SO2Mon

142 (S) bs.S02kgal {2)
5.0 1bs NOx/dry ton

20 Ibs NOxXgal

31b CQron
Sibs.COKkgal

1.3 IbsPM2on (3)

1.0 lbs PM/kgal

17 bs.VOChon

0.34 s VOCixgal

0.2 Ibs. SO2ton

142 (S) bs.802kgal (2)
5.0 1hs NOx/dry ton

20 1bs NOxkgal

31Ib COMon
5ths.COkgal

13 IbsPMAon

10 Ths PM/kgal

17 1hsVOCRon

0.34 Ibs VOC/gal

Sourceof EF.

EPA - AP-42, Sth ed.
EPA - AP-42, Sth ed.

EPA - AP-42, 5th ed

EPA - AP-42, 5th ed.
EPA- AP-42, 5th ed.
EPA - AP-42. Sth ed,

Permit Limit
EPAT AP-42, 5th ed

EPA - AP-42, 5th ed.
EPA - AP-42. Sth ed.

EPA - AP-42, 5th ed.
EPA - AP-42, 5th ed.
EPA " AP-42, 5th ed.
EPA - AP-42, 5th ed.
EPA - AP-42, 5th ed,
EPA - AP-42, 5th ed.

Permit Lim#t

EPA - AP-42, 5th ed.
EPA" AP-42, Sth ed.
EPA - AP-42, Sth ed.

EF. Rating

>O>E€>m>0>m

Emissions for 1992:

>0>Z>mM>0>m

Emissions for 1993:

Emisslons Average lor 1992 - 1993:

517198

CalculatedEmissions (1)
(Tons/Year)
Q1
145

Notes:

(2 The sulfur contentin the auxiliary fuelis Yess than or equall 0 0.5% by weight.

{3) Particulatesare controlled with a venturi scrubber followed by impingement scrubber.

(1) Emissionsare calculated as the product of the stated emission factor and the mass of the sludge or the volume of the fuel oil combusted. Eicampla calculationsare providedfor emissions
results which are underlined and in italics.
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lculations - : .
ExampleA:

Calculate the annual emissionsof SO2 for 1002

1. Calculate SO2 emissionsfrom dudge incineration as the product of actual tonsdry sudge
incinerated and the selected SO2 emission factor for sludge incineration.

1.090tons x 021bs 802 Xx lton = 0.1 tonsSO2
(sludge) tonsludge 2,0001bs

2 Caculate SO2 emissionsfrom the combustion of No. 2 fuel oil as the product of the actual
volumeof oil combusted and the selected $O2 emission factor for oil; use a sulfur content of 0.5%
for the"S" valuein theemissionfactor.

408200 pals x 142(0.5)1bs SO2 x )l keal x _Lton = 145 tonsSO2
(ail) 1 kgat 1000 gals 2000 Ibs

3. Calculatethe total annual SO2 emissionsby adding the results of 1 and 2 above:

011tonsSO2 + 14.49tonsSO2 = 14.6 tons SO2

ExampleB

Calculate the annual emissionsof NOx for 1992

. CalculateNOx emissionsfrom sludge incineration as the product of actual tonsdry sludge
incineratedand the selected NOx emission factor tor sludge incineration.

1,090 tons X SThs. NOX <  lton = 27 tonsNOx
(sludge) ton siudge 2,0001bs

10



2 Calculate NOx emissonsfrom the combustion of Na. 2 fud ail as the product of actua volume
of ail cornbusted and the selected NOx emisson factor for all.

408200¢gals X Q s NO X lkeal, x lteon = 41tonsSNOx
(ail) 1 kod 1000 gads 2,000 Ibs

3. Cdculate the total annual NOx emissons by adding the resultsof 1.2 and 3 above:

273 tonsNOx + 408 tonsSNOx = 68 tonsNOx

Methodsfor Other Calculations:

Cadlculation of emissions for sulfur dioxide. carbon monoxide. PM-10, NOx, and volatile organic
compounds (VOCs) for each operating year iscompleted by selecting the proper emission factor
and applying it to the actual annual fuel and sludge throughput in the same manner as described
in Examples A and B above. The data analysis spreadsheet provides a complete summary of the
results of these calculations and the basis.

XLCHSI12
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4. Solid Waste Incinerator

The solid waste incinerator thermally destroys Type 0" solid wastes generated by the
plant ( consisting principally of paper, wood, and fiber drums). The unit wasingtalledin
1981 and incorporatesa negativeair design (negative pressurecombustion chamber), and
primary, secondary, and tertiary combustion chambers. 1tspermitted maximum waste
combustion rateis approximately oneton per hour. The unit firesNo. 2 fud oil asa
supplemental fuel in order to reach the required minimum secondary combustion
chamber temperatureof 1,600 F. Its maximum burner energy rate is approximately 5
MMBtu per hr., based on the fuel throughput limitation described in the permit.

M ethodol ow for Emissions Calculations

Emissionratesfor criteriapollutantswerecalculated using EPA approved emission
factorsor other available emissionsdataas the product of the stated emisson factorsand
the mass of solid wasteand volumeof fuel oil combusted, respectively. Thefollowing
emissions dataspreadsheet providesa completesummary of the throughput of solid
waste and No. 2 fuel ail, the vaue of the emission factorsused and the sourceand rating
of each emission factor. The pages following the emiss onsdata spreadsheet provide
examplecalculationsto illustrate how the emission rates were calculatedin the
spreadsheet. By following thedirections provided in the example calculationand using
the datain the preadsheet, one can cal culate the emissionrate for each criteriapollutant
summarized in the spreadshest.

XLSWCALC
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Summary of Emissions from the Solid Waste Incinerator for Ihe 1992 - 1993 Baseline S 7196
Operating Year Pollutant Fuel consumption Material Throughput Emission Factor (EF) Source of EF. EF. Rating CalculatedEmissions (1)
(Gals. of No. 2 FudOQil) (Tons Solid Waste)

1992 Sulfur Dioxide NA 430 25 Ibs. §020n EPA - AP-42, 5th ed. D 05
Sulfur Dioxide 124,000 NA 142(8) Ibs.SO2/kgal EPA « AP-42, 5th ed. A 44

Nitrogen Oxides NA 430 30 fbs NOx/ ton EPA - AP-42, Sthed. D 06

Nitrogen Oxides 124,000 NA 201bs NOwXgal EPA - AP-42, 5th ed. A 12

Carboen Monoxide NA 430 10ibs CONon EPA - AP-42, Sth ed. D 22
CarbonMonoxide 124,000 NA 5 Ibs.CO/kgal EPA - AP-42, Sth ed. A 03

PMIO NA 430 3.9 bsPMaton (3) Permit NA 08

PMIO 124,000 NA 1.0 Ibs PM/kgal EPA " AP-42, 5th ed. A 0.1

voc NA " 430 3.0 tha.VOCHhon EPA - AP-42, Sthed. D 0.6

vocC 124,000 NA 0.34 Ibs VOC/kgat EPA - AP-42, Sthed. A 0.0
Emissions for 1882: 10.9

1993 Sulfur Dioxide NA 365 25 ibs. SO2on EPA - AP-42, Sth ed, D 05
Sulfur Dioxide 104,000 NA 142(S) Ibs.S02kgal EPA " AP-42, Sth ed. A ‘37

Nitrogen Oxides NA 365 30 Ibs NOx/ ton EPA = AP-42, S5th ed. D 05

Nitrogen Oxides 104,000 NA 20 Ibs NOwkgal EPA - AP-42, Sth ed, A 1.0

Carbon Monoxide NA 365 10 Ibs COfon EPA - AP-42, Sth ed, D i8
CarbonMonoxide 104,000 NA 5 Ibs.CO/Kkgal EPA - AP-42, 5th ed. A 03

PMIO NA 365 3.9 hsPMAon Permit . NA 0.7

PMIO 104,000 NA 10 ths PM/kgal EPA - AP-42, 5th ed. A 0.1

voc NA 365 3.0 tbs.VOCAon EPA - AP-42, 5th ed. D 0s

voC 104,000 NA 0.34 s VOC/xgal EPA - AP-42, Sth ed, A 0.0
Emissions for 1893; 9.1
Emissions Average for 1882 - 1883: 10.0

[Notes:

{2) The sulfur content in Ihe auxiliary fuells less than or equallo 0.5% by weight.

(3) Particulate emissions are controlled with an afterburner operating at a minimum temperature of 1600 F.

(1) Emissions are calculated as the product of the stated emission faclor and lhe mass of the solid waste or the volume of the fuel oil combusted. Example calculations are provided for emisson
resulls which are underlinedand in llalics.




Example Calculations - Solid Waste Incinerator Emissions
Example A:
Calculate the annual emissions of SO2 for 1992:

1 Calculate SO2 emissionsfrom solid waste incineration as the product of actual tonssolid waste
incinerated and the sel ected $O2 emission factor for solid waste incineration.

430tons X 251bs X lton = (05 tonsSO2
(solidwaste)  tonsolidwaste  2,0001bs

2 Caculate SO2 emissionsfrom the combustion of No. 2 fuel il as the product of the actual
volumeof oil combusted and the sel ected §02 emission factor for oil; useasulfur content of 0.5%

for the"S' valuein theemission factor.

124000 gals x J42(0.5)Ibs SO2 x ] keal X lton = 4.4 tonsSO2
(oil) 1 kgai 1.000 gals 2,000 tbs

3. Cdculatethe total annual SO2 emissionsby adding the resultsof 1 and 2 above:

0.5 tonsS02 + 44 tonsS02 = 49tonsSO2

Example B

Calculate the annual emissionsof NOx for 1992:

1. Calculate NOx emissionsfrom solid waste incineration as the product of actual tonsof solid
waste incinerated and the selected NOx emission Wetor for solid waste incineration.

430 tons X 3 Ibs. NOx X Lton = 0.6 tonsNOx
(solid waste) tonsolidwaste  1.000lbs

14



2 CaculateNOx emissions from the combustion of No. 2 fue ail as the product of actud volume
of oil combusted and the selected NOx emission factor for ail.

124.000gals x 201bs. NOx X Ikeal, X Jlton = 12 tonsNOx
(ail) I kgal 1000 gds 2000 lbs

3. Cdculatethetotal annua NOx emissions by adding the resultsof 1.2 and 3 above:

06 tonsNOx + 12 tonsNOx = 18 tonsNOx

Methodsfor Other Cniculations:

Calculation of emissions for sulfur dioxide, carbon monoxide. PM-10, NOx, and volatileorganic
compounds(VOCs) for each operating year iscompleted by selecting the proper emission factor
and applying it to the actual annual fuel and solid waste throughput in the same manner as
described in Examples A and B above. The data analysis spreadsheet providesa complete
summary of the basis and results of these calculations.

XLCHSW2
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5. Emergency Generators/Internal Combustion Eneines

Thesite operates several stationary internal combustion enginesfor the purpose of
supplying emergency power to various processoperationsin the case of power
interruption. The unitsin operationduring 1992 and 1993 include: 1) onediesd
generator greater than 600 hp, 2) ninediesd generatorsof lessthan 600 hp, and 3) two
LP gasgenerators.

Methodoloev for EmissionsCalculations

Emissionratesfor criteriapollutantswerecalculated using EPA approved emission
factorsor emission factorsfrom vendor emissionsdata as the product of thestated
emission factor (Ibs. of pollutant per MMBtu per hour), fuel input and thetime of
operation. The following emissionsdataspreadsheet providesa complete summary of
the fuel input rating for each size unit, the vaue of the emissionsfactors used and the
sourceof each emissionfactor. The bassof emissionsfor the 1992 - 1993 basdline
includesoperation of each unit for testing and mai ntenance purposes once a week for
approximately one half hour (i.e. 26 hours per year). The pagesfollowingtheemissions
data spreadsheet provide examplecalculationsto illustrate how the emission rateswere
calculated in the spreadsheet. By following thedirectionsprovided in theexample
calculation and usng thedatain the spreadsheet, one can cal culatethe emission rate for
each criteriapollutant summarized in the spreadshest.

XLWCALC
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Dresol Gonarators

Sublotat

Diesal Ganerators

Sublotal

Dissol Ganarators

Suptotat

Dvasel Ganarators

Subtatal

Dussol Ganerators

Sublotal

Dresel Gonenstors

Subtatal

Osnsol Gonarnlors

Sublotal

Type

(<600 Hp)

{<600 Hp)

{<800 Hp}

(<600 Hp)

{<600 Hp)

(<600 Hp)

(»600Hp)

Output, Hp

152

124

190

575

50

Pollutant

so2
NOx
co
PM-10
vOoC

so2
NOx
co
PM-10
vOC

s02

co
PM-10
voe

502
CO

PM-10
voC

S02

PM-10
voC

so2

PM-10
voC

502

PM.10
voe©

Emission Factor (EF.)
{InJMMB1u)

029
44
0es
o
03

o
444
095
039
038

0o
441
085
oNn
038

on
441
005
0N
038

051

E. F, Source

EPA . AP:42, 8th Ed
EPA . AP-42, 5th Ed
EPA « AP-42, 5th Ed.

EPA - AP-42, Sth Ed.

EPA - AP.42, 5th Ed

EPA - AP-42, 5th €4,
EPA - AP-A2, S5th Ed
EPA « AP-A2, 5th E4.
EPA - AP-42, 5th Ed
EPA . AP-42, SthEd.

EPA - AP-42, 5th Ed
EPA . AP-42, 5th Ed.
EPA - AP-42, Sth Ed
EPA - AP.A2, Sth Ed
EPA - AP.42, Sth Ed

EPA - AP-42. W Ed.
EPA . AP-42, 5th Ed
EPA - AP-42, 5th Ed
EPA . AP-42, Sth Ed

EPA « AP-42, BthEd.

Vendot
Vendor
Vandor
Vendor
Vendot

EPA - AP-42, Sth Ed
EPA « AP-42, #hEd
EPA - AP-42, $th Ed
EPA . AP.42, 5th Ed

EPA - AP42. Bth Ed.

EPA . AP-42, Sth Ed
EPA . AR-42, Sth Ed
EPA « AP-42, Sth Ed

EPA - AP-42, 5th Ed.

EPA . AP.42, 5th Ed

EF. Rating

voovoo £££Z¢ UUUUU URUUU UOWOD ©DOUO

omooO®

gency Ganerators fof tha 1902 + 1993 Baseine

Fuel Input
{MMBtu/hr)

T ]
P ]

21
2.1
21
21
21

P L
-t b oa -

137
1.37
137
137
1.3

047
o047
047
047
0.47

Hours of Oparation

HEEER  BE¥BR 2UEEE LHE38E  RIEIY  BREER

3388

Calculatad Emissions
{Tons pat Year)

No. Units

o b h b -t b b mb ab b [ QPO A ey e ™ ) LV G [F X R FEAN T

- ah un s

Total Emissons
(Tons per Year)

(L]
019
0.04
ot
0.02




Survary of £ From gancy G or she 1992 - 1093 Baseine 129056

Engne Type Output, Hp  Pollutant Emission Factor {E.F.) E. F. Source E.F. Rating Fusl Input Hours of Qperation Cailculated Emissions No.Units  Total Emissons

{Ib./MMBtu) {MMBtunr) {Tons per Year} (Tons par Year)
Ancilary Dhesel Generators («600Hp) 27 502 029 EPA + AP-42, 5th €d. o] 014 28 000 ' 000
NOx 441 EPA . AP-42, SthEd. D 014 28 Q0 ] 00t
(ee] 095 EPA - AP-42, $th Ed [+] 014 28 000 1 000
PM-10 031 EPA - AP-42, 5th Ed. (0] 014 28 000 1 000
vog 21 EPA « AP-42, 5th Ed o] 014 26 000 1 0.00
Subtotal o
Ancitary LP Gas Generators {3) {<250 Hp) 85 (hew) S02 0084 EPA . AP-42, 5th Ed D 10 28 000 1 000
NOx 163 EPA . AP-42, 5th Ed o 10 28 002 t 002
co 6827 EPA - AP-42, 5th Ed (o] 10 28 082 1 082
PM-30 01 EPA « AP-42, Sth Ed D 10 28 000 1 000
Voo 21 EPA -~ APA2, SthEd 2] 10 20 D03 1 003
Suntelat oB4
Ancillary LP Gas Genarators (3} {<250 Hp) 65 (xw) 502 0084 EPA - AP-42, 5th Ed D 07 2 000 1 000
NOx 163 EPA - AP-42, $th Ed (0] o7 26 002 1 002
co e2? EPA - AP-42, Sth Ed D 07 28 060 1 080
PM-10 01 EPA . AP-42, 5th Ed D 67 28 000 1 000
) " VOC 036 EPA . AP-42, 5th Ed D o7 2 .00 1 (144
.Suntotal o
Overall Emissions Summary (1) 502 ot
NOx 105
co 1.34
PM-10 00s
voc 010
Subtotals 285

tes:

is typical for testing and operation to maintain these units in an acceptable state of readiness.

spreadsheet.

3. AP-42 fuel combustion emission factors for liquified propane emergency generators are adapted from stationary gasoline engines < 250 hp.

viervnmna LR L)

2. The example calculations for the selected emissions results (indicated by italics and underlined) incorporate the variety of calculationiterations used throughout the

1. Actual emissions for 1992 - 1993 baseline are based on 26 hours of operation for each year for all internal combustion engines in use at that time. This level of use




Example Calculations- Stationary Internal Combustion Engines

Calculate criteria pollutant emissionsfrom each internal combustion engineas the product of the fuel input
rate (MMBtw/hr), the emission factor (Ibs. pellutanyMMBtwhr) and the hoursof operation. The 1992 -
1993 baseline calculationsare based on 26 hours of operation per yesr.

1 Calculatetheemissions of SO2 for internal combustion eneines with 152 ho eutput:

LIMMBtwhr x 0291bsSQ2 x 26hrs x Lton = 0004 tonsSO2
(fuel input) MMBuhr yr 2,000 Ibs engine

2 Calculatetheemissions of NOx for internal combustion eneines with 152 ha output:

LI MMBtwht X 4411bsNOx x 26h X = 0.06 tonsNOx
(fuel input) MMBiwhr yr 2000 Ibs engine

L.l MMBtwhr  x 095 Ibs CQ x 26h x lton = 001 tonsCO
(fuel input) MMBtu/hr yr 2,000 Ibs engine

4
LI MMBtwhr x 0311bs PM-10 x 26hrs x lton = (.06] tonspPM-10
(fuel input) MMBuw/hr yr 2000 lbs. engine

5.
1.| MMBtw/hr x 0.361bs VOCs x 26hrs  x = 001 tonsVOCs
(fuel input) MMBtuwhr yr 2000 fbs. engine

0.0 tonssoz+ Q0 tonsxox+ Q0L tonsco + 0.004 tonses.104+ 0.0l tonsvocs= Q@ Tons/yr



3engines x  0.09 tons/yr = 0.27 Tons/yr
(® 152 hp) (per engine)

Methodsfor Other Calculations:
Calculation of emissionsfor sulfur dioxide, nitrogen oxides, carbon monoxide, PM-10, and volatileorganic
compoundsfor each operating year is completed by selecting the proper emission factor and fuel input and

applying them to the estimated hours of operation as described in the above example. The dataanalysis
spreadsheet providesa completesummary of theresultsof these calculationsand the besis.

XLCHDG
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ACTUAL CRITERIA POLLUTANT EMISSIONS
MERCK STONEWALL PLANT - ELKTON, VA

Manufacturing Area(s) i Pollutant 1992 Actuais - 1993 Actuals Average
3 i (1992 - 1993)
Amprolium ] : !
Process Vents oG 200 ; 153 ' 177
| Bulk Sterage Tanks voC - 8 ! 6 ! 7
Cantral Sol. Ree. VOC 19 i 16 ! 18
Equipment Leaks vOU 13 13 i 13
WWTP Voc 32 26 29
Subtotal voC 272 214 243
Amprolium Process Heaters S0O2 2 1 1
NOx 0 0 0
[s]] [¢] 0 0
PM-10 [] [] /]
Lovastatin
Process Vents VOC [] 5 7
Bulk Storage Tanks VOC 0 0 0
[Central Sol. Rec. Voc 4 3 3
| Equipment Leaks VOC 7 7 7
WWTP VOC 13 8 10
Subtotal 32 | 23 28
]
Carbidopa i
Process Vents voc 21 : 12 . 17
Bulk Storage Tanis VOC 1] 0 0
Central Sol. Rec. VvOC 0 1] 0
| Equipment Leaks voc 2 2 2
WWTP VOC 1 0 0
Subtotal 24 14 19
Cefoxitin Sterile (A.B.2nd Crop)
Process Vents vOC 4 S 4
Bulk Storage Tanks vOC 1 1 1
Central Sol. Rec. vOGC 9 } 8 9
Equipment Leaks VOC 1 | 1 []
WWTP VOC 0 I 0 ")
Subtotal vOC 15 | 15 15
]
DCHA Salt H
Process Venis VOC 64 t 81 72
Bulk Storage Tanks VOC 1 i 1 1
Central Sol, Rec, vOo© 1 : 1 1
Equipment Leaks voC 10 ! 10 i 10
WWTP voC 4 i s : 4
Subtotal vOoC© 79 i a7 H 88
]
Multiproduct Semiwoctks
Frocess Vents VOC Q 0 0
Bulk Storage Tanks VvOC 0 0 0
Central Sof. Rec. vOo© 0 | 0 0
| Equipment Leaks vOoC 0 } 0 0
WWTP vOC 0 ; 0 [}
Subtotal vOC 0 0 0
Finishing |
Process Vents vOC 15 i 6 10
Bulk Storage Tanks VOC 4] ! 0 [4]
Central Sol. Rec, VOC [ | 0 0
Equipment Leaks VvOC 1 1 1
WWTP VOC 0 0 [+]
Subtotal vOC 15 7 11
Primaxin
Process Vents VvOC 1 1 b
Bulk Storage Tanks VOC 0 0 Q
Contral Sol. Ree. VOC 0 0 Q
Equipment Leaks VOC 0 0 0
WWTP vOC 0 0 0
Subtotal 1 ! 1 h:
XLEPAS14 Page 1
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ACTUAL CRITERIA POLLUTANT EMISSIONS
MERCK STONEWAUPLANT « ELKTON, VA

]
Manufacturing Area(s) | Pollutant 1992 Actuals 1993 Actuals | Average
] I (1992-1993)
I
Powerhouse Emissions
502 653 704 658
NOx 262 280 281
co 2 o2 2
PM-10 40 40 40
VOC T 1 1
Subtotal 1039 1047 1043
Sludge Incinerator
o] 15 14 14
NOx 7 6 7
cQ 18 18 17
PM-10 1 1 1
VOC 1 1 1
Subtatal 41 33 40
]
[Trash incinerator
sO2 5 4 5
NOx 2 2 2
CO 2 2 2
PM-10 1 1 1
VOC 1 1 1
Subtotal 11 9 10
Diesel Generators
SO2 0 0 0
INO* 1 1 1
: 1 1 1
1PM-10 0 0 0
|VOC 0 0 0
Subtotal | 3 3 1 3
[Enissions Summary 1952 Actuats 1933 Actuals Average
502 714 723 719
NOx 293 290 291
co 44 42 43
PM-10 42 42 _42
VOC 442 374 408
Total Criteria Potlutants 1638 1471 | 1608
XLEPASt4 Page 2
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EMITVAL1.XLS

Equivalency Validation of EMIT 10 and MacEMIT

Hand Calculation EMIT 10 MacEMIT
Operation (lbs. VOC/ batchl {Ibs. VOC/ batch) {ibs. VQC/ batch)
Filling 0.95 0.95 0.95
Evacuation 1.46 1.46 1.46
Sweep Q.66 0.66 0.66
Heat 1.05 1.06 1.06
Gas Evolution 82.60 82.61 82.60
Vacuum Operation 14.29 14.28 14.28
Vacuum Drying 2.72 2.72 2,72
Air Drying 250.00 250.00 250.00
Tank Breathing Losses 2.30 2.30 NA®

MacEMIT does not contain the tank breathing losses algorithm. Computerized calculations
must be provided by EMIT 10.

CAEXCEL\EMITVAL1.XLS

Page 1
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VOC M SSI ON CALCUI ATI ONS
The foll owi ng nethods have been devel oped to cal cul ate the uncontrolled em ssions
fromthe fol |l owi ng pharmaceutical process operations. These process operations are:
I. Charging/Filling
II. Evacuation (Depressuring)
III. Nitrogen or Air Sweep
I'V. Heating
V. Gas Evolution
VI. Vacuum Distillation
V. Drying
Some sinplifying assunptions have been nade; the general assunption for nost of the
followng calculations is that the |deal Gas Law applies.

Eauation #1: n =BV
RT

wher e: = =& of pound nol es;
absol ute pressure, in mm Hg;
volune, in fe.? ;
- tenperature, in'K (°K = °C + 273)
= gas Law constant. 999
(_££.®) (mm He )
(*K) (I b-noles)

The ldeal Gas Law is used to calculate the lbs/hr of VOC enmtted, as follows:

Equation No. 2: Se = (Pi) (Xi) (Vr) (MWi)
RT
wher e: Se T 1lbs/hr of vOC emtted;
Pi = vapor pressure of VOCi at T, in mm Hg;
Xi = nole fraction of VOCi in Iiquid mx:

Vr T rate of displacement, in ft3 hr
(mm He) (fe?)
999 (lb-mole) ('K)
tenperacure in *K;
mol ecul ar wei ght of VOO, in lbs/lb-mole.

é — o
y 1@



The mole fraction. Xi, above must be included in the case of a liquid mix.
Mole fraction is calculated as follows:

Eguation No. 3 Xi = moles of i in 1liaquid mix
total moles of liquid mix

where: Xi = mole fraction of i;
i = denotes the VOC in question

For one component systems, Xi =~ 1.
The vapor pressure. Pi, is calculated using Antoine's equation or taken from tables

of vapor pressure.

Equation No. &: LogypPli = a - (_b_)
e+T1
where: Pi = vapor pressure of the vOC (mm Hg);
Ti = temperature of the air containing the VOC
vapor (°C);

a,b,c¢ = Antoine's equation constants. See Lange’'s
Handbook of chemistry.t!

Vapor Pressure Tables
Vapor pressures from Perry's? are interpolated or extrapolated using a Cox chart.

METHCDS AND CALCULATIONS

. Filling

This method can be used t¢ calculate emissions from a vessel containing a

Liquid YOC when a Liquid is charged into the vessel.

Assumptions - The volume of gas displaced from the vessel is equal to the
volume of liquid charged inte the vessel. The air displaced
from the vessel is saturated with the VOC vapor at the exit
temperature. (Note: if data are available to calculate
concentration, then this can be used in place of

saturation.)



Calculations -

1. Calculate the rate of air displacement in ft3/hr:

Equation No. S: Vr = Lr (0.134 f£c3/gal) (60 min)
hr
where: Vr = the rate of air displacement, in fei/hr;

Lr = liquid pumping rate, in gpm.
2. Determine the mole fraction of each vOC in the vessel during the pumping,

Xi, using Equation No. 3.

3. Calculate the vapor pressure of each pure VOC, Pi, using Equation No. 4.
4, Calculate the lbsshr of each VOC emitted, Se, using Equation No. 2.
II. ERvacuation (DPepressuring)

This method is used to calculate emissions from the evacuation (or
depressuring) of any vessel containing a VOC and a "noncondensable.”
Usually the vessel will be a still and the "noncondensable” will be air or
nitrogen.

Assumptions - The absolute pressure in the vessel decreases linearly with
time. There is no air leakage into the vessel. The
composition of the VOC mix does not change during the
evacuation (or depressuring) and there is no temperarure
change. The air displaced is saturated with the VOC vapor
at the vessel temperature.

Calculations -
1. Calculate the mole fraction, Xi, for each V0C in solution using Equation

No. 3.

2. Calculate che vapor pressure, pi, of each voC ac the vessel temperature

using Equation No. 4.



Calculate the initial volume of the air in the vessel:

Vi - [g;,- zgpixn]J Fs
760
where: vi = the initial air volume in the vessel.

ft3 (standard);
Y (PiXi) = the am of the products of the vapor pressures and
the mole fractions of each VOC in the solution;
Pay = initial pressure, in =m Hg,
760 " atmospheric pressure, in mz Hg.
Fs = free space in the still, in fc.?

Calculate the final air volume in the vessel:

Ve = [Pa,- J(PiXi)] F,
760 J
V¢ = the final air volume in vessel, in ft3 (standard);
where: Pa; -~ final air pressure in rhe vessel, m=m Hg.
Calculate the rate of air removal from the vessel:

Ve = Vi - Vf
t

where: Vr = the rate of air remova from the vessel,
in £e3/hr;

t ~ time of evacuation of vessel. in hrs.

Calculate initial ratio of air to total voc vapor:

Ri = 760 - PiXi

Y (PiXi)

where: Ri = moles air
moles vVOC

Calculate Final ratio of moles air to moles total VOC vapor:

RE = rza.;i&&z]
L Y (pixi)

where: Rf = moles air
moles VOC

Calculate the average racio of moles air to moles total VOC vapor:

Ra = Ri + Rf
2



9. Cal cul ate volume of total VOC vapor discharged, £t3/hr:

VRS = Vr
Ra

wher e: VRS = VOC enission fromthe system ft3 hr.
10. Cal cul ate the em ssion rate, Se, for each VOC in lbs/hr using Equation No.
2 substituting VRS for Wt and use pressure of one atnosphere.

IIT. Ni troven or Air Sweep -

This nethod is used to cal cul ate em ssions when nitrogen, air, or
ot her "noncondensable" iS used to purge or sweep a vessel or other device.,
Assumptions - The nitrogen gas exiting the vessel is saturated with VOC
vapor at the exit tenperature.
Calculations -
1 Calculate the rate of nitrogen sweep in ft3 hr:
Fauation No. 6: Vry, = Ns x 60 min/hr
wher e: Ve, = the rate of nitrogen sweep in ft3 hr, standard;
Ns = the rate of nitrogen sweep in £t3/min, standard.
2. Calculate the mole fraction, Xi. for each VOC using Equation No. 3
3. Cal cul ate the vapor pressure. Pi. for each VOC at the exit tenperature
using Equation No. &,

4. Cal cul ate the rate of total gas displaced fromthe vessel. ft*/hr.

Eauation No. T Vr; = Vr, 760
760 - ) (PiXi)
wher e: vr, = rate of gas displaced fromvessel, in ft3/hr,
st andard.
Ve, = rate of nitrogen sweep;, in ft3 hr:

Y(PiXi) = the sum of the products of the vapor pressures and
mol e fractions for each VOC, .
760 = vapor pressure of nitrogen sweep. in mm Hg.
5. Calculate the rate of VOC emi ssion in lbs/hr, Se. Eor each VOC using
Equation No. 2 substituting Ve, for Wr.

5



V.  Heating

This method is used to calculate the emissions from the heating of a
still containing a MOC and a "noncondensable.” usually air.
Assumptions - The moles of air displaced from the still are a result of
(1) the expansion of air upon heating and (2) an increase in
VOC vapor pressure. The moles of air displaced from the
receiver are equal to the moles of air displaced frem the
still. The air displaced from the receiver is saturated
with VOC vapor in equilibrium with the VOC mixture in the
receiver at the temperature of the receiver.
Calculations -
l. Calculate the mole fraction, Xi, for each VOC in the still using Equation
No. 3.

2. Calculate the vapor pressure, Pi, of each pure VOC at the initial

temperature (Ty;) using Equation No. 4,

3. Calculate the initial pressure of the air in the still:
Equation No. 8: Pa, = 760 - Y(PiXi)p
where: Pa; = the initial air pressure in the still in mz
Hg;

Y(PiXi)y; = the am of the products of the vapor
pressures and the mole fractions of each VOC
at the initial temperature;

760 ~ atmospheric pressure. in mz Hg.
4. Calculate the vapor pressure, pi, of each pure VOC at the final temperature

(T;) using Equation No. &,

5. Calculate the final pressure of air in the still:



Equation No. 9: Pa; = 760 - Y(PiXi)y,
where: Pa, =~ final air pressure in the still, in mm Hg;
Y(PiXi)y, = the sum of the products of the vapor
pressures and the mole fractions of each VOC
at the final temperature;
760 = atmospheric pressure, in mm Hg.

6. Calculate the moles of air displaced to the receiver (and to the

environment):

Eauation No. LO: (ng-nz) = ¥ [g_a_1 - Eéi]
R T, T
where: (n;-np) = Number of Ib-moles of air displaced to the
receiver;
Vv = volume of free space in still, in fr.3;

3
(Ib-moles) (°K)

R =~ gas law constant, 999

Pa;= initial air pressure in still, in me Hg
Pay= final air pressure in still, in =a Hg
T,= initial temperature in still, in *¥;
T,~ final temperature in still, in K.

7. Calculate the number of Ib-moles of VOC vapor displaced:

ns = Y(PiXi)m (ny - nz)
760 - Y(PiXi)m

where: ns = pound moles of VOC vapor displaced from the
receiver;
Y(PiXi) e~ am of preducts of vapor pressures and mole

fractions for each VOC ac the temperacture of
the receiver.

8. Calculate the lbs of each VOC vapor emitted, Se:

Eauation No 1l1: (Se)i= (ny) MW, (X;)

where: (Se)y= Lbs of VOC (i) vapor emitted:
n = number of Ib-moles of all VOC vapor emitted;
MW, = molecular weight of vOC (1i):
X, = mole fraction of VOC (i) in the vapor.



V. Gas Evolution

This method is used to calculate emissions when a gas is generated as
the result of a chemical reaction. The gas comes into contact with one or
more VOC, usually solvents, and is saturated.

Assumptions - The gas is saturated with VOC vapor at the exit temperature.
Calculations -
1. Determine the rate of gas evolution. Wy, in lbs/hr, from the stoichiometry
of the chemical reaction, and the reaction time.
2. Calculate the rate of gas evolution in £t3/hr:

Eauation No. 12:
Vr1 - QWg: El

(P) (MWg)
where: Ve, ~ the rate of gas evolution, in fti/hr;
R = the gas law constant, 1.314 (atm) (fe3)
_ (Ib-mole) (*K}
T = the temperature at the exit, in *K (*C + 273);
V) = the rate of gas evolution, in lbs/hr;
P = the pressure in the vessel, in ata.;

MWg = the molecular weight of the gas, in lb/lb-mole.

3. Calculate the mole fractions. Xi, of the VOC in solution using
Equation No. 3.

4. Calculate the vapor pressures. Pi, of the pure VOC at the exit
temperature using Equation No. 4.

5. Calculate the rate of gas displacement in ft3/hr:

Equation No. 13: Ve, ~ Vr, 760 ]
760 - Y(PiXi)
where: Vr, = rate of gas displacement, in fci/hr;

Vr, = rate of gas evolution, in ft3/hr:
760 = atmospheric pressure, in mm Hg;
J(piX1) = the sum of the productf of the vapor pressure and
the mole fraction of each VOC at the exit
temperature, in mm Hg

6. Calculate che vOC emission rate. Se, in lbs/hr using Equation Ne. 2.



VI,

Vacuum Overations:

This method is used to calculate emissions from vacuum operations.
Air leaks into the system and becomes saturated with the voC vapor at the
receiver temperature and is subsequently discharged by the vacuum source to
the atmosphere.

The air leak rate is best determined by closing off the vacuum source
from the still, condenser, and receiver and noting the rise in absolute
pressure over a short period of time. The air leak rate can then be
calculated using Equation Ne. 14 below. Madimum air leakage has also been
estimated for "commercially tight system" for various system volume and
pressures. ?

Assumotions = The air that leaves the system is saturated with solvent

vapor at the receiver temperature.

Calculations -

1, Calculate the air leak rate into che system:
Equation No. 1&4: Vry, = 273 Fs x (P, - P)
Tt 760 )
Vey= air leak rate, in ft3/hr (standard);
where: Fs ~ total free space under vacuum. in ft.':
P, = absolute pressure at start of test. in mm Hg;
P, = absolute pressure at end of test, in mm Hg;
t = time of test, in hrs;
T =~ temperature of still, in *K;
273- temperature at standard conditions, in ‘K.
2. Calculate the rate of VOC emissions, lbs/hr:
Equation No. 15: Se - MWs P svstem -1]
359 P system - Ps
where: Se = rate of VOC emission, in lbs/hr;

P system- absolute pressure of receiver. in mm Hg;
Ps = vapor pressure of the VOC at the receiver
temperature, in mm Hg;
MWs=molecular weight of VOC. in lb/lb-mole;
359-the volume that 1 Ib-mole of gas occupies at
standard conditions, in fr.3.

9



3. If leak rate IS obtained in lbs/hr from reference 3, calculate VOC
emissions. lbs/hr:

Eouation No. 16: Se = La MWs [ P_svstem '1]
29 P system - Ps
where; La = Leak of air into the systems, in lb/hr;
29 = molecular weight of air. in lb/lb-mole.

VIl. Drving

This method is used to calculate VOC emissions from either batch or
continuous drying operations. Although it is possible to determine
emissions from an analysis of the dryer off-gas, it is usually simpler and
more accurate to use a material balance.

Assumprions - Samples of the product before and after the dryer are
analyzed for VOC content.

Calculations -

1. Calculate the rate of VOC emissions. lbs/hr:
Eouation No. 17: Se = B BS, - PS, ]
T 100 - PS. 100 - PS,
where: Se = rate of VOC emission, lbs/hr;

8 » weight of batch (dry), lbs;

t = time of drying operation, hrs:

PSy= percent of VOC in wet material into dryer:

PS,= percent of VOC in less wet material from dryer.

10
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Qperation Pump 250 gal | ons of |sopropyl Acetate in RE-100
Conditions: Punmping rate of 30 gpm
RE-100 is enpty prior to punping

Vessel is vented to atnosphere (uncontrolled)
Exit tenperature is 32°C.

Assumptions: The volume of gas displaced fromthe vessel is equal to the
vol ume of liquid charged into the vessel. The air displaced
fromthe vessel is saturated with the VOC vapor at the exit

t enper at ure.

Calculations
1 Cal culate the rate of air displacenent (vr) in £e'/nr
vr = Lr (0.134 ft'/gal) (60 min/hr)
wher e: Lr = liquid punping rate, gpm
Vr = 30 (0.134) (60)
Vr = 241 £t’/nr
2. Calculate moble fraction, Xi; for each VOC in solution using Equation #3
Equation No. 3: Xi o= moles of i in liquid solution
total nunmber of moles of liquid solution
For one conponent systens, Xi = 1.
3. Cal cul ate the vapor pressure of each VOC using Equation #4.
Equation NO 4: Log,oPi = a - (__b..)
c+Ti
wher e: Pi = vapor pressure of the VOC in question;
Ti = exit tenperature of air saturated with VOC (°C);
a,b,c = Antoine's equation constants., See Lange's
Isopropyl Acetate: Log,Pi = 7.180 - (_1253.6 \

\ 225.824 + 32)
Log,,Pi = 1.9299069
Pi = 85.10 mm Hy

12



4. Cal cul ate 1bs/hr of each VOC emtted using Equation #2.

Se = (Pd) (Xi) (vr) {(MWi)
RT

wher e: Se = 1lbs/hr of VOO enitted
Pi = vapor pressure of VOC; at T in mm Eg
Xi = mole fraction of VOC in solution
Vr = rate of VOO saturated air, f£ft'/nr
R = gas | aw const ant
999 mm Hg fti
Ib nole °k

T = tenperature, °K
Mwi= nol ecul ar weight of VOO in lbs/lb-mole
Se = (85,1)(1)(242) (102.1)
{999) (305}
Se = 6.8724 1bs/hr

Since 250 gal. are punped at a rate of 30 gom the total emission tine per
batch is:

250 gal x (1min) = 8.33 min.
\a0 gal)

6.87 lbs X 8.33 min_ = 0.95 | bs VOC emitted/batch
hr 60 min/hr

Operation Rel ease of pressure in RE-400 after transfer of batch to sT-
400

Conditions: Bat ch tenperat ure maintained at 30°C
RE-400 is pressurized to 15 psig with nitrogen to bl ow batch
to ST-400
RE-400 is 750 gal l on vessel, batch volune is 200 gal.

Al enissions fromrel ease of pressure Exit RE-400 vent

{uncontrolled)
VOC = Dichl or oet hane
Time for evacuation is 10 m nutes

Assumption: The nitrogen displaced from RE-400 is saturated with VOC
vapor at the exit tenperature.
Calculations:
1 Calculate nole fraction for each VOC in sol ution using Equation #3. Mole

fraction of a one conponent systemis 1.
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2.

Cal cul ate the vapor pressure, Pi, of each VOC at the vessel tenperature

usi ng Equation #a4

LogePi = a - (b )
e + Ti J
wher e: Pi = vapor pressure of VOCi
Ti = exit tenperature of the air containing the VOC
vapor, °c

a,b,c = Antoine's equation constants

Log,Pi= 7.8109 - (1696.889 )
\262.5 + 30/
Log,,Pi= 2.00957
Pi= 102.2 mm Hg

Calculate the initial volume of nitrogen in the vessel

vi = [ipa,) - Z(pixi)] Fs

L 760 J
wher e : vi = The initial nitrogen volume in the vessel
ft? (standard)
Z(pixi) = sumof products of vapor pressure and nole

fractions for all voC's in solution

Pa,= Initial pressure in mm Hy

760= at nospheric pressure in mm Hy

Fs = initial free space in the vessel in ft?

(NOTE: Since the discharge of 200 gal. of batch will reduce the pressure

inthe reactor, PA nust be calculated.)

A Pressure prior to transfer

15 psig X 760 mm Hg + 760 mm Hy = 1536 mm Hg
14.7psi

B. Pressure after transfer
P,V, = PV,
Initial Fs = 550 gal = 73 ft’
Final Fs = 750 gal = 100 ft’

(1536 mm Hg} (550} = P, {750)
1l126mm Hg=P,

vi = [1126 -102.2] (100)

L 760
Vi = 134.7 ft'

14



4. Cal culate the final nitrogen volune in the vessel:

VE = [pa, - Z(pixi)] Fs
760 ]
wher e: Vf = final nitrogen volune in vessel

Fs
vVE

final free space in vessel
160 - 102,21 (100)

L 760

Vi = 86.6 ft°

5. Cal cul ate the rate of nitrogen renmoval fromthe vessel:

wher e: Vr = the rate of nitrogen renoval fromthe vessel
in ££'/hr
t = time for evacuation, hrs
Vr= 134 .7 - 86.6
0.167
Vr = 288.0 ft hr

6. Calculate the initial ratio of nitrogen to total VOC vapor:

Ri = 21126 = Z(piXi)

Z{pixi)
wher e: R = moles N,
nmol es VCC
Ri = 1126 =-{102.2) = 10.02
102. 2
7. Calculate the final ratio of noles nitrogen to noles total VOC vapor:

Rf = Pa; -Z(PiXi)

Z(pixi)
wher e: Rf = Moles N;
Mol es VCC
RE = 760 -(102 .2} = 64
102. 2
8. Cal cul ate the average ratio of noles nitrogen to noles VOC vapor:
Ra = Ri + Rf
2
Ra = 10,02 +6.4 = 8.2
2
9. ‘'calculatethe volune of voc vapor discharged, ft3 hr
VRS= ¥r
~ Ra
VRS= 288.0 fti/hr = 35.1 ft'/hr
8.2
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10. Cal cul ate the VOC enission rate, Se, using Equation #2.

Se =

TUPIXi) (Vr) (MWL)
RT

NOTE: Substitute 760 mm Hg for {Pixi) and vrs for W

Se a

Se =
8.72 lbs X 0.167 hrs = 1.46 1lbs/batch

III. Nitrogen or Air Sweep

(760) (35.1) (99)
(999) (303)
8.72 1bs/hr

hr

Qperation Ni trogen sweep of RE-100

Conditions: Flowrate is 2 SCFM for 10 ninutes at

| sopropyl Acetate is only VOC in RE-100
Exit tenperature is 32°C

RE-100 is vented to atnosphere (uncontroll ed)

inlet tenperature of

Assumption: Gas vol une displ aced from RE-100 by sweep is saturated with
VCOC at the exit tenperature.

Calculation:
1 Cal cul ate the rate of nitrogen sweep in f£t'/hr, at exit tenperature
W, = N, x 60 min/hr X I,
T,
wher e: W, = rate of nitrogen sweep in ft'/hr
N, = rate of nitrogen sweep in ft'/min
T, = exit tenperature, °K
T, = inlet tenperature, °K
W, = 2(60)(273__+32)
\273 +25/
W, = 122.8 ft'/hr
2. Calculate the nmole fraction for each VOC using Equation #3. Mdle fraction,

Xi, for one conponent systemis 1.

3. Cal cul ate the vapor pressure for each VOC at the exit tenperature using
Equati on #4.
LogyPi = a - (b )
\ e+Ti)
wher e: Pi = Vapor pressure of VOC in question

Ti = exit tenperature of air saturated with VOC

a,b,c

Antoine's equation constants
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3. Cont i nued Log,,Pi =  7.180 - [__1353.6 3
225.824+32°C )
Log;oPi = 1.9299069
" Pi= 85.1 mm Hg
4. Calculate the rate of total gas displaced fromthe vessel, fthr from
Equati on #7.
Ve, = vr, 769 A
\760 -Z(Pixi}) ;
wher e: Vr, = rate of gas displaced fromvessel, ft'/hr
. . 3
W, = rate of nitrogen sweep, in ft/hr
I(piXi}= the sumof the products of the vapor pressure
and the nole fractions for each VCC
Ve, = 122.8 (760
\760 - 85.1 )
Vr, = 138.3 ft'/hr
5. Cal culate the rate of voci emi ssion in lbs/hr, for each VOC using Equation
#2 substituting M, for W.
Se = (pi) (Xi) (Vr,) (MWi)
RT
Se = (85.1)(1)(138.3)(202,3) = 3.944 lbs/hr
{999) (305)
3.944 1lbs x 10 min X 1 hr = 0.66 |bs voc emtted per batch
hr 60 min
IV. Heating
Operation Heat contents in ST-1000 to distill |sopropyl Acetate off of
bat ch
Conditions: Initial tenperature = 30°C.
Final tenperature = 80°C*
ST-1000 volune is 1,000 gal.
Batch volunme prior to distillation is 600 gal.
Exit tenperature of system equals 30°C.
Assumption: Air displaced fromsystemis saturated with solvent at exit
tenperature of the system
Calculations:
1 Calculate the nole fraction for each VOC in the still. Mle fraction, Xi,

for a one conponent systemis 1.
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Cal cul ate the vapor pressure, Pi, of each vOC at the initial tenperature
(T,) using Equation #4.

Log,;Pi = a - ()
\e+ Ti/

wher e: Pi = WvOCi vapor pressure
Ti = tenperature of the air containing the VOC
vapor {°c) (exit tenperature of the
systen)
a,b,¢, = Antoine's equation constants.
Log,,Pi = 7.180 = (__21353.6 1\

" (225.824 +30)
Leg,,Pi = 1.8889
Pi = 77.4 mm Hg

Calculate the initial air pressure in the still
Pa, = 760 = Z(PiXi)q
where: Pa, = the initial air pressure inthe still, mm Hy
{Pixi)= the sum of the products of vapor pressure and
nol e fraction
Pa, = 760 - 77.4 = 682.6 mm Hy

Cal cul ate the vapor pressure of each voc in the still at the final temperatur
(T;) using Equation #4.

Log,,Pi= a - (o
\c +Ti)
Log,,Pi=  7.180 - [(___1353.6 )
\225.824 +80J

Log,ePi= 2.753925
Pi= $67.4 mm Hg

* NOTE: @T, = 90°C, vapor pressure of Ipac > pressure of system I|In MacEMIT,
this results in a "rFLasH" warning and the user nust manual | y adj ust

the final tenperature such that Prpe = P syscen

Calculate the final air pressure in the still

Pa, = 760 = (PiXi) o

wher e: Pa, = Final air pressure in the still, mm Hg
(pixi)= The sumof products of vapor pressure and nole
fraction for each VOC in the still at the final

tenperature.
Pa, = 760 = 567.4 = 192.6

Calculate the moles of air displaced fromthe system

(nl - nz)ﬂ I {Bal - Raz\

R \T, T, J
where: {n, = n,)= nunber of Ib-noles of air displaced fromthe
system
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6. Cont i nued vV = vol ume of free space in,the still; ft?
R = gas | aw constant, 999
T, = initial tenperature, °k
T, = final tenperature, °x
(n, - n)= f682.6 - __192.6 )
999 \ 303 353 )
(n, - ny)= 0.091 | b-noles

7. Cal cul ate the nunber of |b-noles of VOC vapor displaced fromsystem ns:

ns = Z_LE:.xi.L;_._ (n, - n,)
760 -Z(PiXi),,
wher e: Z(PixXi}y = the sum of products of the vapor pressures
and mol e fractions for each VOC in sol ution
at the exit tenperature of the system
ns = _77.4  (0.091) = 0.0103 |b-noles
760 -77.4

8. Cal culate the | bs of each VOC vapor enitted, Se, from Equation #11.

(Se} = (ns) MWi (Xiv)

wher e: (Se};= 1lbs of VOO vapor enitted,
ns = nunber of |b-noles of total wvoc vapor
emtted;

MWwi= nol ecul ar weight of i

Xiv= nole fraction of VOO in the vapor
(se),;= (0.0103) (102.1) (1)
(se};= 1.05 |bs voc, emtted per batch

V. Gas Evolution
Operation Ammoni a gas is generated froma reaction in RE 2000.

Conditions: Systemexit tenperature is 30°
Solvent in vessel is hexane
Reaction occurs for 10 hours
Based on the stoichionetry of the chemcal reaction and the
reaction time, the rate of gas evolution, W, equals 5
lbs/hr.

Assumption: The gas is saturated with VOC vapor at the system exit
t enper at ure.

Calculation:

1 Determine the rate of gas evol ution — See conditions above
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2

Calculate the rate of gas evolution in £t3/hr from Equation #12

Vr, = _(We)RT
(P) (MWg)
where: Vr, = the rate of gas evolution, in ft3/hr
R = gas law constant, 1.314 _(acm)(fe®)
{lb-mole)(°K)
T = the tenperature at the exit, in *K
W- the rate of gas evolution, in lbs/hr
P = the pressure of the vessel, in acm.
MWg = the nol ecul ar weight of the gas, in lbs/lb-mel
Vey = 53(1.314)(303) - 117.1 fe/hr
(1)(17)

Cal culate the mole fraction, Xi, of each VOC in solution. Mle fraction of
a 1 conponent system = 1

Cal cul ate the vapor pressure. Pi, of each VOC at the system exit
temperature using Equation #4.

Logm P - a - [ b ]
lc +Ti]
where: Pi = vapor pressure of VOC,

Ti = tenperature of gas containing VOC; vapor. °C
a,b,c = Antoine equation constants
Logyy Pi- 6.858 - [ 1160.6 ]
223.043 + 30

Logye Pi- 2.271
Pi = 186.8 mm Hg

Calculate the rate of gas displacement in f£t3/hr

Vr, = Vi 760
760 -Y(PiXi)
wher e: Ve, = rate of gas displacenent. Etd/hr

ve, = rate of gas evolution, ft3/ hr
Y(PiXi)= the sumof product of vapor pressures and
mol e Eraccions of each VOC at the exit
tenperature

Vr, - 117.1 160 = 155.3 ft¥/hr
760 - 186.8
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6. Cal cul ate the VOC enission rate, Se, in lbs/hr using Equation =2,

Se = (PiXi) (Vr) (MWi

RT

where: YL(PiXi)= the sum of product of vapor pressures and

mol e fractions of each VOC at the exit
tenperature
R = gas |law constant. 999
T = exit tenperature of system °K
MWi=~ ol ecul ar wei ght of VOGC,
Se = (186.8)(¢155.,3)(86.17) = 8.26 lbs/hr
(999)(303) -
8.26 1lbs x 10 hrs T 82.60 1lbs VOC enitted per bate
hr

V. Vacuum Operations

Operation:

Condi tions:

Assumption:

Cal cul ation:

Vacuum distillation of batch in ST-200

ST-200 is a 750 gal. vessel with 400 gal. of liquid init a®
the start of distillation

System pressure during vacuum operation is 400 mm Hg
Discillacion tine is 8 hours

Systemexit tenperature is 10°C

Sol vent in ST-200 is Dichloroethane

Air discharged fromsystem by the vacuum source is saturated
with VOC vapor at the system exit tenperature.

1. Calculate the air leak race into the syscem by performng a pressure test or
vessel and using Equation =14. (Note: A vacuum leak rate test is an

alternative.)

Vry, = 273(Fs) [(P, - B
(T) () 760
where: Ve, = air leak rate into system £c/hr (standard)
(SCFH)
Fs = Eree space in vessel, ft?

Py = initial absolute pressure, mm Hg

p, = final absolute pressure, mm Hg
time of test, hrs
cenperacure of still. °K

(e X2
1

Pressure Test Conditions:

Pl - G(I)mml-g
P, - 701 mm Hg

to_ 15 minuces
T 64°C
Fsm 350 gal
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2.

VII.

Based on this pressure test, the following is obtained:

Ve, = (273)(&7) [704-400] ~ 61 £t3/hr (standard)

337 (0.25) 760

Calculate the rate of VOC emissions in lbs/hr using Equaction #135

Se =

where: Se =

PSYSGOQ

P =

Mis=
359-

MWs [v_rﬂ [__z.,,m__ - 1)

359) (Pyysten - Ps J
rate of VOC emissions, lbs/hr
absolute pressure of system, mm Hy
vapor pressure of the VOC at the system exit
temperature, mz Hy
molecular weight of the VOC, 1bs/lb-mole
the volume that 1 Ib-mole of gas occupies at
standard conditions, ft3

Calculate vapor pressure, Pi, at the system exit temperature

Logm Pi -

LOglO P| -

a - b
¢ +Ti

7.811 - [__1.5._9_§_-2_.._]
262.500 +10
1.584
38.4 mm Hy [ 400
99 61 400 -38.4 - l] = 1.786 lbs/hr

359
1.786 1lbs x 8 hours = 14.29 Ibs VOC emitted per batch

hr
Vacuum Drying
Operation: Veacuum dry product wet cake in DR-550
conditions: Produce wet cake is 1.250 ibs with a Loss on Drying (LOD) eof
20%
System pressure during vacuum drying is 400 mm Hg
Drying time is 4 hours
System exit temperature is 15°C
Solvent in product wet cake is ethanol
Free space in dryer = 350 gals.
Assumption: Air discharged from the system by the vacuum source is
saturated with VOC vapor at the system exit temperature.
NOTE: EMIT 10 and MacEMIT perform vacuum drying emission calculations

as listed below and also calculate drying emission based on %
If the vacuum drying calculation emission is greater than
the » LOD emission, the computer reports the s LOD emission.

LCD.
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Cal cul ation;

1

Calculate the air leak rate into the systemby performng a pressure test

on vessel and using Equation sl4. (NOTE: A vacuum leak rate test is an
alternative.)

Vrl = 273(Fs) [.E.Z.'—PI]

(T)(t) 760
where: Vr, = air leak rate into system £t3/hr (standard)

(SCFH)

Fs = Free space in vessel, fe?

P, = initial absolute pressure, mm Hg

P, = final absolute pressure, mm Hg

t = tine of test, hr

T = tenperature of dryer. °K

Pressure Test Conditions:

P, = 400 mm Hg
P = 704 mm Hg
t = 15 mnutes
T = 64°C

Fs- 350 gal.

Based on the pressure test, the follow ng is obtained

Vr; = (273)(67) (704 -aoo] - 61 fci/hr (standard)
(337) (0.25) | 760

Calculate the rate of VvOC enission in lbs/hr:

Se = MWs [ﬁl] [_Psysum.—. - l]
359,' Psysum - Ps
where: Se = rate of VOC enmission, lbs/hr
Payscem=_ aDSOlUte pressure of system mm Hg
P, - vapor pressure of the VOC at the system exit
temperature, nm Hg
MWs = nol ecul ar wei ght of the VOC, lbs/lb-mole
359 T the volune that 1 | b-mole of gas occupies at
standard conditions, ft?
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Cal cul ate vapor pressure, Pi, at the systemexit tenperature:

logyp Pi- a - b
c +Ti
LOSm Pi - 8.045 - 1554.3
222,650 +15

I..Ogm Pi - 1. 505

Pi- 32 mm Hg

Se- 46.1 61 400 _ - 1) = 0.681 1bs/hr

359 400 -32

0.681 lbs x 4 hours = 2.72 1lbs VOC emitted per batch

hr
Check vs. avail abl e solvent:

1. Cal culate the rate of VOC em ssions, lbs/hr using Equation #17

Se = B P,y - _P.; ]
t {100 -p,, 100 -P,,

where: Se " rate of VOC emnissions, lbs/hr
B = weight of bateh (dry), [Ibs
t = time of drying operation, hrs
Py, = percent of VOC in wet material charged to drye
P, = percent of VOC in material discharged from
dryer.

NOTE: wet cake weight = 1.250 |bs
dry cake weight = 1,000 Ibs
wet cake LOD T 20%
"dry" cake LOD = 0.05% - 0

Se T 1,0001lbs _ 208 - _0 )} = 62.5 lbs/hr
4 hrs (100 -20 100 -0f
Se = 62.5 lbs
hr
62.5 lbs x 4 hrs = 250.0 lbs/batch
hr

Since losses associated with leak rate into dryer are less th
total solvent available, emssion |oss during drying operatio
is 2.72 lbs/bactch.
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VIII. Air Drying
Operacion: Air dry product wec cake in DR-510

Conditions: Wet cake weight is 1.250 Ibs with LD of 20%
Dry cake weight is 1,000 Ibs

Drying time is 6 hrs
Calculations:

1. Calculate the rate of vo¢c emissions, lbs/hr using Equation ®17 -

Se = B 4 [ - - E.:Z _l
t [‘"“mo.p,1 oo+,
where: Se = rate of VOC emission, lbs/hr

B = weight of batch (dry)., |bs.
t ~ time of drying operation, hrs
percent of VOC in wet material charged to drye:

5:; ~ percent of VOC in material discharged from
drver.
Se - 1000 lbs 0__) " 62.5 lbs/hr
6 hrs [100 -20 100 -0]

62.5 1lbs x 4 hrs = 250 Ibs voC emitted per batch
hr
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IX. Tank Breathing lLosses
Operation: Br eat hi ng Losses from TA-800 (Bul k St orage Tank)

Conditionsg: TA-800 is equipped with a conservation vent and is painted
white
The average bulk liquid tenperature i s 1s°C
The tank diameter is 14 ft.
The average tank free space (outage) is 4 ft.
The average daily change in tenperature is 20°F
Solvent in TA-800 is |sopropyl Acetate

Assumpticons: Air displaced by tank breathing | osses is saturated with VOC at
t he average bulk liquid tenperature.

Calculation:
L= 145 (P Y°* xDp ™ 2K xT°% xz (1)
\14.7 -pJ
wher e: L = gallons per year of voc | oss
P = vapor pressure of VOC at bulk liquid
D= tank diameter, ft
H = average outage, ft
T = average daily anbi ent tenperature change in °F
Z = correction factor for tank diameter and paint

factor cal cul ated as foll ows:
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Size Correction Factor (C)

VENT TYPE
TANK DIAMETER (FT)
CONSERVATION OPEN
6 ' 0.30 0.45
8 0.42 0.63
10 0.52 0.78
12 0.62 0.93
14 0.70 1.05
16 0.77 1l.16
18 0.83 1.25
20 0.88 1.32
Pai nt Factors for Fixed Roof Tanks
IANK COLOR
BAINT FACTOR (FP)
ROOF SHELL
Wi te Wi te 1.00
_AI um num (specular) Wiite 1.04
Wiite Al um num (specul ar) 1.16
Al um num (specular) Al um num (specular) 1.20
White Al um num (Di ffuse) 1.30
Al umi num (Di ffuse) Al um num (Di ffuse) 1.39
White G ay 1.30
Li ght Gray Li ght Gray 1.33
Medi um Gray Medi um Gray 1.40
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Cal culate Z
Z= (Cx Fp) = 0.70 x 1.0 = 0.7
Cal cul ate vapor pressure, Pi, at average bulk liquid tenperature

Log,, PL = 3 ~ (_h. __\
\e¢ +Ti/
Logy,, Pi = 7.180 - (13536 )
\225.824 +15/
log,, Pi = 1.559
Pi = 36.2mm Hg

Convert to psi

36.2 mm HJ x 14,7 psi = 0.70 ps
760 mm Hy
L = 145 ( ; 0.63 % 14 1.7
\14.7 -0.70)
L = 0.189 X 96.12 X 2.03 x 4.47 x 0.7
L = 115.4 gallons/yr
115.4 gals x 7.28 lhs x _1 vr = 2.30 |lbs VOC emtted per day
yr gal 368 days

0.5
x 4 0% X 20 X 0.7

{1) Breat hing | oss equation fromAPlI Bulletin #2518, June 1962, "Evaporation
Loss from Fi xed Roof Tanks,* Chapter 2, “Breathing Loss of (Gasoline.”

1668MFL.d0c
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File name missing or blank - please enter file nane
UINT 13?7 title _
File name m ssing or blank - please enter file nane

UNT 14?7 £ilvallo
EM SSI ON CALAOULATI ON PROERAM (H.C.)

PROJECT:EMIT VALI| DATI ON LOCATION: STONEWALL
PROCESS:EMIT10 INT. :HYPOTHETICAL CASE
BATCH SHEET/ REF. :5/28/9%6 CYCLE : 24.0 HRS
EQUIPMENT:RE-100 REACTCR 500 GALLONS
STEP D SPLACEMENT V.P. EMIS"N CYCLE TOTAL
NQ METHOD SCLVENT MM HG LBS/HR HRS LI_3§ ______
1 1FALLUNG | SSPROPYLACETATE 85,  6.87 14 1.0
ADD TI ONAL EM SSI ON\S 0
TOTAL EM SSI ONS 95

- an wm e T em YR R S e G G e G em S S S e MR M M G G G b S e e e R e GR EE R R SR R S SR R R ER MR G N MR M A AR A M G MR M R M e Am R T B M AR e e o am

UNLI M TED PERM TTED
EMI SSIO0ONS LBS/HOUR LBS/DAY TONS/YR TONS/YR RENVARKS

- e e e o E E am m owoam a - - - - - - — -y - - -— e wa me am

POTENTI AL .04 1.0 .17 .17
W/EXIST./SELECTED: .04 1.0 .17 .17
ALLOWED/DESIRED : 100.00 1000.0 182. 50 182.50
RECOWENDED .04 1.0 17 17

S M N S s e ew e W M A R e R D MR R G AL S M e AN e e M MR MR A MR WE MR WE W W A TR MR M e T G e o e G dm e e MR e G e e e e M A ae e e e -

A AL Ak B de e v me e e N Gn W G SR MR Gn MR G A N Y M R R eE A e e e e e e A A W A

POTENTIAL ALLOWED / DESIRED
EQUIP. UNLMTD PRMTD A UNLMTD PRMTD
TAG NO. TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR S OLVENT S
RE-100 17 .17 100.001000.00 182.50 182.50
TOTAL 17 17 182.50 182.50
W/EXIST./SELECT. OONTROLS RECOMMENDED

EQJ P. UNLMID PRMI UNLMID PRMID



- - = - - - - R e -— o - o- - - - - - - - -— - - - - -

- - -—— . - - - - - - e o - - - - - - - - - ws w- - - -

- w wn e e s G G W WP e b e e s G P EE GE SR SR R SR ED R SR R D R Gn S Gm G AR M G En SR YR MY W R N AR N N N O BR EE B WS WE AP A W NN WR G A AR W A B A b e

e an Em e e e m e e e S M A T RN ER AR AR R A R G s e S

EQUIP. POTENTIAL EXIST/ COOLING CHILLED SUBCOOLED SUPERCOOL
TAG NO. SELECT WATER WATER BRINE BRINE BRINE

RE-100 .95 95 .87 43 25 11 .05
TOTAL .95 95 .87 43 25 11 0s
SIGNED: == rmwmmmmr=—=mm- TITLE:~-==-cacacacecacaon- DATE:===r==r===mn=n-
SIGNED: ~=w=m=m=m=m===n= TITLE: ~wsmecmomcmmmaooann DATE:===============~
SIGNED:===-=======m==- TITLE: -=--==s--cncoacauann DATE:===-========n==~

Stop - Program term nat ed.



File name missing or blank - please enter file name
UNIT 147 EVAVALiO
EMISSION CALCULATION PROGRAM (H.C.)

PROJECT: EMIT VALIDATION LOCATION:STONEWALL
PROCESS : EMIT10 INT. : HYPOTHETICAL CASE
BATCH SHEET/ REF. :10/18/94 CYCLE : 24.0 HRS
EQUIPMENT:RE-400 -REACTOR -750 GALLONS
STEP DISPLACEMENT V.P. EMIS"N CYCLE TOTAL
NO. METHOD SOLVENT MM-HG LBS/HR HRS LBS
1 2 EVACUATION ETHYLENDICHLORID 102. 8.76 .17 1.5
ADDITIONAL EMISSIONS: .0
TOTAL EMISSIONS: 1.46
SOURCE SUMMARY
UNLIMITED PERMITTED
EMISSTIONS LBS/HOUR LBS/DAY TONS/YR TONS/YR REMARKS
POTENTIAL : .06 1.5 .27 .27
W/EXIST./SELECTED: .06 1.5 .27 .27
ALLOWED/DESIRED : 100.00 1000.0 182.50 182.50
RECOMMENDED : .06 1.5 .27 .27

R Y Y - D S W G S T T ———— T T = T T ks o S S i Bl S S S Y Wl . Y W . D S s D o e Ul

D S ——— T S S S " D S A A A S S — — - -

-y — ——— — —— = - ———

GENERAL CLASS

- - — —— . - — S SV S SN Y S D St

POTENTIAL ALLOWED / DESIRED

EQUIP. UNIMTD PRMTD UNLMTD PRMTD
TAG NO. TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR

N AND MM SN T W P GED GED G G EE N N Gmp e e Gmp GRS A G e dml LS D D D AN NS W N RS R TR SR N emm e e e S —-.——-————-——-q—-————--—

RE~400 27 27 100.001000,.00 182.50 182.50

TOTAL .27 27 182.50 182.50
W/EXIST./SELECT. CONTROLS RECOMMENDED

EQUIP. UNLMTD PRMT UNLMTD PRMTD

TAG NOo. LBS/HR LBS/DY TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR

O SN e A D P AR She G v e ek S AN GUS b GAS LD S MED TR TR TED R R W S o e

S G e — s S s i S



RE-400 .06  1.46 .27 .27 .06 1.46 .27 .27

TOTAL : .27 .27 .27 .27
EMISSIONS (LBS/BATCH) VS. EXIT TEMP.

EQUIP. POTENTIAL EXIST/ COOLING CHILLED SUBCOOLED SUPERCOOL

TAG NO. SELECT WATER WATER  BRINE BRINE BRINE

RE-400 1.46 1.46  1.46 .70 .42 .18 .10

TOTAL : 1.46 1.46  1.46 .70 .42 .18 ~10

SIGNED: ==mm===mmemeaem TITLE: ——=wmmemm———— —- DATE:~-~

SIGNED: -——————————-==m TITLE: ------ - DATE: -

SIGNED: ————=—=m=m=——mm TITLE: —=====mm=m=m—m—————e- DATE: ——-——=——=——=——-

Stop - Program terminated.

c:\EM T>



File name m ssing or blank - please enter file name

UNT 13? title .
File name m ssing or blank - please enter file nane

UN T 14?7 swevalld
EM SSI ON CALOULATI ON PROERAM {H.C.)

PROJECT:EMIT VALI DATI ON LOCATION:STONEWALL
PROCESS:EMIT10 INT. :HYPOTHETICAL CASE
BATCH sHEET/ REF. :5/28/96 CYQE : 24.0 HRS
'EQUIPMENT:RE-100 -REACTC(R 500 GALLONS
STEP D SPLACEMENT V.P. EMIs*N CYCQLE TOTAL
N METHOD SALVENT MM HG LBS/HR HRS LBS
1 3 GAS SWEEP | SCPRCPYLACETATE  85. 3.94 17 7
ADD TI ONAL EM SSI O\S; 0
TOTAL EM SSI ONS; 66

UNLI M TED PERM TTED
EMI SSI ONS LBS/HOUR LBS/DAY TONS/YR TONS/YR RENVARKS

POTENTI AL .03 .7 .12 .12
W/EXIST./SELECTED: .03 .7 .12 .12
ALLOWED/DESIRED : 100. 00 1000. 0 182. SO 182. 50
RECOMMVENDED .03 .7 .12 .12

e A e e oy o e e o AR M R R R R TR MR e oW M dm em e e N G SR M r Gl eE ML e S e we AR e e em A e e A R Gm e e T AR G e MR Ak me e G A A e e AR =

D el el T e p—

. m n  wm e ek S ey e e T e am e T R R M W WE SR A N v e e e A

POTENTIAL ALLOWED / DESIRED
EQUIP. UNLMTD PRMTD UNLMTD PRMTD .
TAG NO. TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR S OLVENTS
RE-100 12 .12 100.001000.00 182.50 182.50
TOTAL 12 12 182.50 182.50
W/EXIST./ SELECT. OQONTROLS RECOMVENDED

EQU P. UNLMID PRVII UNLMID PRMID



TAG NO. LBS/HR LBS/DY TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR

- e - - - - - - - A - - e - - [ - [ . -- e m - e - -
- am - - gy - - - -, - - e - - - - - - e - - - - - . .-

M Em Am En A e e AR S MRy R ey SRy um M M AR TR ML MR W R wm e b b G e Gm e SR WP e R R R e e e aw e e e e Gn S e e OBk R e B MR de TP MR e TR A e OB e

A e W AR A L R ER R R M e M en e ab G e e R e A e e o e B R

EQUIP. POTENTIAL EXIST/ COOLING CHILLED SUBCCOLED SUPERCCQL
TAG NO. SELECT WATER WATER BRINE BRINE BRINE

RE-100 .66 66 .59 26 14 .05 02
TOTAL : 66 66 .59 26 14 0s 02
SIGNED:-~-==---=-c-mom- TITLE:~--w-cccmccmncmanena- DATE:------------=--
SIGNED:====-=c-=r-mr==- PITLE:re-mecccacccccmcamnua DATE:-=m--mmmmmm——=-
SIGNED:-==--=m-=c==c=- TITLE:-=---c-=-mmmmcmcmmman DATE:~=-====m======~

Stop - Programterm nated.



C:\EMIT>exit

File name mssing or blank - please enter file nane
UINT 13? title _

File nane missing or blank - please enter file nane

UN T 14? heavallo
EM SSI ON CALAULATI ON PROE3RAM (H.C.)

PROJECT:EMIT VALI DATI O\ LOCATION : STONEWALL
PROCESS:EMIT10 | NT. : HYPOTHETI CAL CASE
BATCH SHEET/ REF. :s5/28/%6 CYQLE : 24.0 HRS
'EQUIPMENT:ST-1000 -STILL “1000 GALLONS
STEP DI SPLACEMENT V.P. EMIS"N CYCLE TOTAL
NO METHOD SCLVENT MM-HG LBS/HR HRS LBS
1 4 HEATING | SSPROPYLACETATE 77, .35 3.00 1.1
ADD TI ONAL BEM SSI ON\S: .0

T W R AR m R R UM N SR R R B e TR MR e wh he En Gn e R e YR SR e R L W R ML M e T MR G Wh or A W e kb W e s R AR e R TR R ER VR TR MR A T U e OB e e e

e e e ew W R e W M e SR G e e ME G et SR e e AR R N A SR SR N R AR Y EE ER AT N R R SR N NN NR FE SR M gy YR SR GE Gm G G Gm m VR m AR G W B A e G v e e e e

UNLI M TED PERM TTED
EMI SSI1 ONS LBS/HOUR LBS/DAY TONS /YR TONS/YR RENVARKS

L e e e R - = wm oaowr - am o  m— P L —-—— e w -

POTENTI AL .04 1.1 .19 .19
W/EXIST./SELECTED: .04 1.1 .19 .19
ALLOWED/DESIRED : 100.00 1000. 0 - 182.50 182. 50
RECOWENDED .04 1.1 . 19 .19

EQUP. UNLMID PRVID UNLMID PRVID

- - - - - - - - - -— - - R - - - - - - - e A W e s e e M o wm em e

MRS ST MR L Lk s nm MR e m em h s m o M YE R G B G W am e Te GE e A M EE G S SR s ey EE M e dm e ER An e e e em W AR e e S e o e S G e e o e e e



W/EXIST./SELECT. CONTROLS RECOMMENDED
EQUIP. UNLMTD PRMT UNLMTD PRMTD
TAG NO. LBS/HR LBS/DY TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR

- s - - . - - —— e - - - - R - - A e - -
- - - o e - - - - oy - R R - e e o as - - -——— o - -

e e e d wS U okl WE N AP S WL M M NE e B W e AR b em T de we T ML mr M wm e e e me e wm wm dh wm am e MR am e R e G R e B R W R e e BT M e T M e B ke e e e e

A e A R S e W Gk e MR e de W e am B e owm B dr an B e oa e e e e

EQUIP. POTENTIAL EXIST/ COOLING CHILLED SUBCOOLED SUPERCOOL
TAG NO. SELECT WATER  WATER BRINE BRINE BRINE

ST-1000 1.06 1.06 1.06 47 26 10 05
TOTAL 1.06 1.06 1.06 47 26 10 05
SIGNED:-=-====m======u- TITLE:===--ms=mmecmmc——ane- DATE:==-=====mn=m==~
SIGNED:==-=====r==m=== TITLE:=-==-==cemcmcemanoan DATE:-=-----=======-
SIGNED:--=-=c=c-m=m-m- TITLE:------c---c-=2m-su-= DATE:-====-=====-===~-

Stop - Program term nat ed.



File name missing or blank = please enter file name

UNIT 14? GASVAL1O
EM SSI ON CALCULATI ON PROGRAM (H.C.)

PROJECT:EMIT VALI DATI ON LOCATION: STONEWALL
PROCESS:EMIT10 INT. :HYPOTHETICAL CASE
BATCH SHEET/ REF. :10/18/94 CYCLE : 24.0 HRS
EQUIPMENT:TA-2000 -TANK -? GALLONS
STEP DISPLACEMENT V.P. EMIS"N CYCLE TOTAL
NO. METHOD SOLVENT MM-HG LBS/HR HRS LBS
1 5 GAS EVOLUTI ON HEXANE 187. 8.26 10.00 82.6
ADDI TI ONAL EM SSI ONS: .0

TOTAL EM SSI ONS: 82.61

SOURCE  SUMVARY

EMI SSI o0 NS LBS/HOUR LBS/DAY TONS/YR TONS/YR REMARKS

-—— e - e = —— i . o S

- - — -

POTENTI AL 3.44 82.6 15.08 15.08
W/EXIST./SELECTED: 3.44 82.6 15.08 15.08
ALLOWED/DESIRED : 100.00 1000.0 182.50 182.50
RECOMVENDED 3.44 82.6 15.08 15.08

mEEEEEEEEEEEEEEEEESEEEE NN NN EE NN NN EEE NN EEEEEEEEEEEN - —— oA S S SN NS D AN S P VUT TE S R G G e

——— — ————— e S S S — —

Y —— o A - . — = -

GENERAL CLASS
POTENTI AL ALLOWED s/ DESI RED
EQU P. UNLMTD PRMID UNLMTD PRMID

TAG NO TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR S O L VENT S

T SUR S N W AN SR MDAV NP SR DL G G0 MY D b T el D GED GhN D D AP g G W G R G D MG S G W S G S ke ek il AR W S S G S S S D W G0 Wt

TA-2000 15.08 15.08 100.001000.00 182.50 182.50

i b A GO ek el M D D GeS GME D D NS GID GEDL SED GED  Smm UND SER N Wb S G GES G W R MR Om mS Gmd Gm MR MED NN A AP e e e

TOTAL: 15.08 15.08 182.50 182.50

W/EXIST./SELECT. CONTROLS RECOMVENDED
EQU P. UNILMTD PRMI UNLMID PRMTD
TAG NO LBS/HR LBS/DY TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR

. — —— - P W T GO S S —— S WS S A Gk G D Sl ek S G —— S W Gmm mmm GhD R R N D SN s S G D e e i NS



TA-2000 3.44 82.61 15.08 15.08 3.44 82.61 15.08 15.08

TOTAL : 15.08 15.08 15.08 15.08

EMISSIONS (LBS/BATCH) VS. EXIT TEMP.

EQU P. POTENTI AL EXI ST/ COCLI NG CH LLED SUBCOOLED SUPERCOOL
TAG N2 SELECT WATER WATER BRI NE BRI NE BRI NE
TA-2000 82.61 82.61 82.61 36.66 20.16 7.74 3.57
TOTAL : 82.61 82.61 82.61 36.66 20.16 7.74 3.57
SIGNED: ===~ ——— TITLE: - DATE:

SIGNED: ~ - TITLE: - DATE:

SIGNED: ~==—=———————m——— TITLE: ===—mmececam———————— DATE: --

Stop = Program term nated.

C:\EMIT>



File name m ssing or blank = please enter file nane
UNI T 14? VOPVAL1O
EM SSI ON CALCULATI ON PROGRAM (H.C.)

PROJECT:EMIT VALI DATI ON LOCATION:STONEWALL
PROCESS:EMIT10 INT. :HYPOTHETICAL CASE
BATCH SHEET/ REF. :10/18/94 CYCLE - 24.0 HRS
EQUIPMENT:ST-200 - STILL - 750 GALLONS
STEP DI SPLACEMENT VP EMIS"N CYCLE TOTAL
NQ METHOD SOLVENT MV HG LBS/HR HRS LBs
1 6 vac. DSITIL'N ETHYLENDICHLORID 38. 1.79 8.00 14.3
ADDI TI ONAL EM SSI ONS: .0
TOTAL EMISSIONS: 14.28

SOURCE SUMVARY

UNLI M TED PERM TTED
EMI sSI| O0NS LBS/HOUR LBS/DAY TONS/YR TONS/YR REMARKS

POTENTI AL . 60 14. 3 2.61 2.61
W/EXIST./ SELECTED: . 60 14. 3 2.61 2.61
ALLOWED/DESIRED : 100.00 1000. 0 182. 50 182. 50
RECOMVENDED . 60 14.3 2.61 2.61

NO AlR EM SSI ON CONTROLS REQUI RED ]}

POTENTI AL ALLOWED / DESI RED
EQU P. UNLMID PRMID UNLMID PRMTD
TAG NO TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR S OL VENTS

ST- 200 2.61 2.61 100.001000.00 182.50 182.50

T e g W AV D - G G G Sme WD S WD GRS Ba A D D SRS dub e ews P D SR A v Wt S D G SIS S S D GRS e AR GER W e Ak S Ak A

W/EXIST./SELECT. CONTROLS RECOMVENDED
EQU P. UNLMID PRMT UNLMID PRMID
TAG NO LBS/HR LBS/DY TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR

T G e D D D G D g ) SR AP D WS NS D G G b S T MND YN S R GED WD dmf enm W A e SN YD S N S NS NS DS W wS W wwe mes ol dmb AED SN S wEm 4mp e



ST-200 .60 14.28 2.61 2.61 .60 14.28 2.61 2.61

TOTAL : 2.61 2.61 2.61 2.61

EMISSIONS (LBS/BATCH) VS. EXIT TEMP.

EQUIP. POTENTIAL EXIST/ COOLING CHILLED SUBCOOLED SUPERCCOL
TAG NO. SELECT WATER WATER BRINE BRINE BRINE
ST=200 14.28 14.28 46.23 19.09 10.66 4.28 - 2.23
TOTAL : 14.28 14.28 46.23 19.09 10.66 4.28 2223
SIGNED: -- - TITLE: ' DATE:--

SIGNED: - - TITLE: ==~ DATE:

SIGNED: ====————— e TITLE: ~~———=cccccccecacaaa DATE : === e om e e o e o

Stop = Programterm nat ed.

C \EMIT>



File name missing or blank = please enter file nane

UNI T 14? VDRVAL10
EM SSI ON CALCULATI ON PROGRAM (H c¢.)

PROJECT:EMIT VALI DATI ON LOCATION:STONEWALL
PROCESS:EMIT10 INT. :HYPOTHETICAL CASE
BATCH SHEET/ REF. :10/18/94 CYCLE ¢ 24.0 HRS
EQUIPMENT:DR-550 -DRYER ‘ -500 GALLONS
STEP DISPLACEMENT ) V.P. EMIS"N CYCLE TOTAL
NO. METHOD SOLVENT MM-HG LBS/HR HRS LBS
1 7 VAC. DRYING ETHYL ALCOHOL 32. .68 4.00 2.7
ADDITIONAL EMISSIONS: .0

TOTAL EMISSIONS: 2.72

SOURCE  SUMVARY

UNLI M TED PERM TTED
EMI SSI 0 NS LBS/HOUR LBS/DAY TONS/YR TONS/YR _RENMARKS_

— o - — > d— -

POTENTI AL .11 2.7 .50 .50
W/EXIST./SELECTED: N 2.7 .50 .50
ALLOWED/DESIRED : 100.00 1000. 0 182. 50 182. 50
RECOVMENDED N 2.7 .50 .50

POTENTI AL ALLOWED / DES| RED
LQUP. UNLMID PRMID UNLMTD PRMID
TAG NO TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR S O L VENTS
JR=550 .50 .50 100.001000.00 182.50 182.50
OTAL: .50 .50 ' 182.50 182.50
W/EXIST./SELECT. CONTROLS RECOVIVENDED
EQU P. UNLMTD PRMI UNLMTD PRMID

TAG NO LBS/HR LBS/DY TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR



DR-550 .11 2.72 -50 .50 .11 2.72 .50 .50

TOTAL : .50 .50 .50 .50

EMISSIONS (LBS/BATCH) VS. EXIT TEMP.

EQUIP. POTENTIAL EXIST/ COOLING CHILLED SUBCOOLED SUPERCOOL
TAG NO. SELECT WATER WATER BRINE BRINE BRINE
DR-550 2.72 2.72 7.61 2.72 1.35 .43 .19
TOTAL : 2.72 2.72 7.61 2.72 1.35 .43 .19
SIGNED:-- TITLE:~-- ~====—- DATE: -

SIGNED: ----- —————————— TITLE: DATE:

SIGNED: - - TITLE: —=mm=—m—m _— DATE: -

Stop = Program term nat ed.

CI\EMIT>



File name m ssing or blank = please enter file nane
UNI T 14? ADRVAL1O
EM SSI ON CALCULATI ON PROGRAM (HC)

- — e — -

PROJECT:EMIT VALI DATI ON LOCATION: STONEWALL
PROCESS:EMIT10 INT. :HYPOTHETICAL CASE
BATCH SHEET/ RE. :-10/18/94 CYCLE = 24.0 HRS
EQUIPMENT:DR-510 -DRYER -500 GALLONS
STEP DISPLACEMENT V.P. EMIS"N CYCLE TOTAL
NO. METHOD SOLVENT MM-HG LBS/HR HRS LBS
1 9 AIR DRYING METHYL ALCOHOL 62.5> 4.00 250.0
ADDITIONAL EMISSIONS: .0

TOTAL EMISSIONS: 250.00

- . e e . 2 -

SOURCE SUMVARY

UNLIMITED PERMITTED
EMISSTIONS LBS/HOUR LBS/DAY TONS/YR TONS/YR REMARKS

- - - - - ——— — ——— - - -

POTENTI AL : 10. 42 250.0 45. 63 45. 63
W/EXIST./SELECTED: 10. 42 250.0 45. 63 45. 63
ALLOWED/DESIRED : 100.00 1000. 0 182. 50 182. 50
RECOMVENDED 10. 42 250.0 45. 63 45. 63

NO AlR EM SSI ON CONTROLS REQUI RED ]

POTENTI AL ALLOWED s/ DESI RED
EQU P. UNLMID PRMTD UNLMID PRMTD
TAG NO TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR SOLVENTS

—— e v e G ———— T L ) o ey iy A i dalls Gk Sl -—— — — - --————-u—————--——--—

W/EXIST./SELECT. CONTROLS RECOMMENDED
EQUIP. UNLMTD PRMT UNLMTD PRMTD
TAG NO. LBS/HR LBS/DY TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR




DR-510 10.42 250.00 45.63 45.63 10.42 250.00 45.63 45.63

TOTAL : 45.63 45.63 45.63 45.63
EMISSIONS (LBS/BATCH) VS. EXIT TEMP.

EQUIP POTENTIAL EXIST/ COOLING CHILLED SUBCOOLED SUPERCOOL

TAG NO SELECT WATER WATER BRINE BRINE BRINE

DR-510 250.00  250.00 250.00 250.00 250.00 250.00 ___250.00

TOTAL : 250.00  250.00 250.00 250.00 250.00 250.00 ___250;00

SIGNED: =====m—r=mne——— TITLE: - ~eee—eeeeew-—-= DATE: ————

SIGNED: - - TITLE: - DATE:

SIGNED: - TITLE: ==—====—mmmmmemme e DATE: ==—- -

Stop = Program terminated.

C:\EMIT>



File name missing or blank - please enter file namne
UN T 13? TI TLE
File name missing or blank - please enter file name

UN T 147 BREVAL10O
EM SSI ON CALOULATI ON PROERAM (H.C.)

PROJECT:EMIT VALI DATI ON LOCATION: STONEWALL -
PROCESS:EMIT10 INT. : HYPOTHETICAL CASE
BATCH SHEET/ REF. :5/28/96 CYALE : 24.0 HRS
EQUIPMENT:TA-800 -TANK -7500 GAL
STEP DISPLACEMENT V.P. EMIS"N CYCLE TOTAL
NO. METHOD SOLVENT MM-HG LBS/HR HRS LBs
1 8 BREATHING LOSS ISOCPROPYLACETATE 36. .10 24.00 2.3
ADDITIONAIL EMISSIONS: .0

A MR Am e e TR W MR A D R S A Nk wm SR S T S R em S R SR AL e TR D D e R R M G W e EE G SR ML MR G e W R SR D M b G e e G R WD D G R G am e e e e e o

. m A AR Mm S WS Gh D D R D MR Gn M AR G R G W R AR Ak v WP B ML A ke ee e M e e R R GG e mm YE WD En R R e e e e W em e M e E W A dm e W W e T e e e

UNLI M TED PERM TTED
EMI sS1 ONS LBS/HOUR LBS/DAY TONS/YR TONS/YR REVARKS

R T I Y R Py P R e - o oam - - - - en o -

POTENTI AL .10 2.3 .42 .42
W/EXIST./SELECTED: .10 2.3 .42 .42
ALLOWED/DESIRED : 100.00 1000.0 182. 50 182. 50
RECOMVENDED .10 2.3 .42 .42

ke s e s Sy e W RS MR Lk o e R M T T M MG me R s S R R R MR M e YR R AR e Gm e GE Ge R MR M TR MG G M G ER e e v MR MW M YR MR R M W A A e TR W A W me e e

POTENTI AL ALLONED / DES RED
EQUP. UNLMID PRVID UNLMID PRVID
TAG NOQ TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR SOLVENTS
TA 800 .42 .42 100.001000. 00 182. 50 182. 50
TOTAL - 42 .42 777 182,50 182.50
W/EXIST./SELECT. OCNTROLS RECOMVENDED

EQU P. UNLMID PRMI UINLMID PRVITD



TAG NC. LBS/HR LBS/DY TNS/YR TNS/YR LBS/HR LBS/DY TNS/YR TNS/YR

- - - - o - - - - - - - - o w - - e . -— e - - - - - - - - e e -
- e o e - - - - - - am b - - - - - ey - - -— s = - - - - - - o ow w

- s e e e e G T e M e e S R M e e TR R ws e A W e M e R M e T ER A A m Y e . M G R MM e e R e G em Ay e S e W e W AR e e AR

EQU P, POTENTIAL EXI ST/ COOLING CHI LLED SUBCOOLED SUPERCCOL
TAG NO SELECT WATER VATER = BRINE BRINE BRI NE

TA- 800 230 230 402 23 15 .8 _____ .50
TOTAL 2. 30 230 402 230 155 81 . Se)
SI GNED: - - - -- - <c - --- TITLE: < cmcmmmmamaeeanea DATE: -« - -canmnnso
SIGNED: = =m=mmmvmmmmmee TITLE: - ----=--memmmmcmmmn- DATE: -=====m=mmmmmm
SIGNED:-=-====-======- TITLE:---==-===c===mm===n~ DATE:----=--=-===---

Stop - Programterm nat ed.



ATTACHMENT V




VALDATE1.XLS

Step Information Vessel |Emission Type Solvent Name VOC |NVOC
No.i Description ID |IDI Name {lbs} | (lbs)
: All vessels | i
1]Filling of RE-100 RE-100 i 1IFil TSOPROPYL ACETATE 0.95
2{Evacuation of RE-400 RE-4Q0 2!|Evacuate DICHLO_BOETHANE. 1,2« 1.46
3|N2 Sweep of RE-100 RE-1Q0 3iGas Sweep ISOPROPYL ACETATE 0.66
4{Heat of batch in ST-1000 ST-1000 4|Heat IS_(_JF’RQEYL ACETATE 1.06
5|Gas Evolution from TA-2000 TA-2000 5/Gas Evolution JHEXANE 82.60
6|Vacuum Operation in ST-200 ST-200 6iVac. Distill DICHLOROETHANE, 1,2- 14.28
7{Vacuum Drying in DR-550 DR-550 | 8IVac. Dry ETHYL ALCOHOL 2.72]
8|Air Drying in DR-510 DR-510 7[Air Dry ETHYL ALCOHOL 250.00

6/6/96,2:15 PM

Page 1
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ATTACHMENT V1




June 6.1996

Merck Stonewall Plant
VOC Emissions from Fermentation Processes

In addition to organic synthesis, pharmaceuticalfinishing, and various ancillary support
facilities, the Stonewall Plant includes Merck's largest pharmaceutical fermentation
facility, and is considered the company's 'Center for Excellence' in fermentation
technology. Inadditionto a modem, large scale industrial fermentation plant with
considerable computer monitoring and control capabilities, the site includes extensive
biotechnology research facilities which optimize existing processes and develop new

ones.

The site currently runs three large scale pharmaceutical fermentation processes:

1) Lovastatin: In the lovastatin fermentation process. the fungal microorganism

Asperqillys terreus is used to biologically produce a chemical precursor for
Merck's cholesterol-reducing drugs Mevacor® and Zocor®.

2) Cefoxitin: A filamentous bacterium, Nocardia lactamdurans, is employed to
produce the antibiotic cephamycin C by fermentation. which is the starting
material for production of Merck's semi-synthetic broad spectrum injectable

antibiotic Mefoxin®.

3) Avermectin'; Another filamentous bacterium, Streptomyces avermitilis, is
used to produce a broad spectrum human and veterinary antiparasitic chemical
called Avermectin by fermentation.

The three fermentation processes are similar to each other in several ways. All are
submerged fermentations carried out at near ambient temperaturesin large stirred tank
reactors. Sterilized mixtures of various sugars and proteins in water provide the nutrients
for cell growth and synthesis of the drug products of interest. All are highly aerobic
fermentations; oxygen is a required nutrient, and it is supplied by pumping large amounts
of compressed air into the bottom of the stirred tanks and through the liquid medium. All
are batch fermentation processes (as opposed to continuous fermentations), where a
discrete quantity of nutrient mixture is inoculated with the appropriate organism,
incubated under prescribed conditions, and transferred batchwise to downstream
processing areas for extraction of the drug product. All are relatively slow growing
organisms, with batch cycles ranging from one to three weeks.

There are two possible mechanisms by which VOCs (volatile organic compounds) could
be emitted from an aerobic pharmaceuticalfermentation. First, if VOCs are added to the
fermentation nutrient mixture, there would be VOC emissions from the reactor vent due
to vapor displacement during filling and transfers, and due to stripping by the airflow
during aeration. Secondly, evenif no VOCs are added to the process, VOCs could

' Avermectin fermentation was initiated at the Stonewall Ptant in 1994.



potentially be synthesized by the microorganisms during fermentation and emitted from
the vent by the stripping action of the airflow.

Unlike some industrial fermentations, Merck does not add any VOCs to any of the three
fermentation processes at Stonewall either before, during, or after batch processing,
therefore there are no simple displacement or stripping VOC emissions as would typically
occur in chemical synthesis operations or in fermentation operations containing added

VOCs.

Probably the most common example of VOC synthesis during industrial fermentationsis
the production of ethanolin fermentations to produce beer and wine. Ethanolis
produced by yeast cells from pyruvate under anaerobic (low oxygen) conditions. The
biochemical pathway responsible for this conversion does not function under the highly
aerobic conditions of Merck's fermentations.

Although the microbial biochemistry that occurs in industrial fermentations is extremely
complex with many interrelated reactions occuring simultaneously, much is known about
the biochemicalreactions employed by microorganisms to produce energy, synthesize
cellular components, and synthesize our drug products. All of Merck's fermentations, for
example, produce cellular energy in the form-of ATP (adenosine triphosphate) by
converting glucose to pyruvate in an eight step sequence of biochemicalreactions known
as glycolysis. The chemical structures and control mechanisms involvedin glycolysis are
wellknown. The next stepin energy productionunder aerobic conditions, a series of
reactions called the citric acid cycle, is also at work in Merck's fermentations. As with
glycolysis, the chemical structures and the control of the citric acid cycle and many other
biochemical pathways applicable to Merck's fermentations are very well known. Of the
metabolic and biosynthetic pathways that have been elucidated for Merck's
fermentations, none are known to synthesize VOCs.

VOCs are often relatively odorous compounds, with well known odors associated with
various alcohols, ketones, and esters. The low odor level normally associated with
Merck's fermentations despite their extremely high aeration levels is additional empirical
evidence that VOC emissions from the present fermentation processes are not
significant.




ATTACHMENT VIl



Basisof Calculating VOC Emissons From Central Solvent Recovery Atmospheric

Fractional Distillation Columns

Distillation column condenser(s) ar e total condensers (Verified by B-JAC modeling - see
Step |. below).

Assume Henry's Law when predicting the amount of non-condensablegases{e.g. air)
saturated in the feed stream.

The solubility of air in the mixture isequal to the sum of the solubility of air in each
component.

Assume (where applicable) ided immiscible liquid behavior (each phaseexertsitsown
vapor pressure).

Assume ideal vapor behavior as predicted by Raoult's Law.

Assume the total amount of dissolved air calculated will be liberated and travel through the
top of thedistillation column and exit to the atmosphere via the column condenser(s).

Calculation Procedure:

I

[l

Utilize B-JAC Modeling to Determine Distillation Column Condensers to be Total
Condensers.

Calculate the Quantity of Dissolved Non-Condensable Gases (e.g. air) in the Feed Sream
Material.

1. Cdculatethe partial pressureof each solvent by using Raoult's Law and the
component liquid mole fraction.

!d

Calculate the partial pressure of air by subtracting the partial pressuresof the solvents
from the system total pressure(e.g. 760 mmHg).

Utilize Henry's Law to cal culate the quantity of dissolved air in a specific solvent.
Since the partia pressureof air has been calculated. the Henry's Law constant is the
only parameter to be determined. Thiscan bedone using physical characteristics of
the solvent such as molecular weight. molar volume. surface tension. parachor, and
Ostwald coefficient.

(93 ]

4. Calculate the mole fraction of air in the solvent of interest using the partial pressure of
air and Henry's Law constant.

Repeat Steps 3 and 4 for each solvent in the feed stream.

|_.J|

6. Caculatethetotal flow of air (dissolved in the feed stream) into the distillation
column system utilizing solvent composition of the feed stream and the mole fraction
of air in each component.

Calculate the Theoretical Potential Quantity of VOC Emissions Exiting the Distillation
Column Condenserts).



|, Calculate the partial pressureof each solvent at the exit of the distillation column
condenser(S).

!J

Calculate the partial pressureof air by subtracting the partial pressuresof the selvents
from the system total pressure{e.g. 760 mmHg).

3. Calculate the mole fraction of air in the vapor using the partial pressureof air and the
system total pressure.

4. Calculate the total gasflow rate exiting the distillation column condenser(s) utilizing
the mole fraction and the flow rate of the air exiting the condenser(s).

5. Calculate the molefraction of each solvent component in the vapor exiting the
condenser(s) using the partial pressure of each component along with the system total
pressure.

6. Calculate the emission rate of each solvent based on the mole fraction of each
component and the total gas tlow rate.

bjaedsei.doc
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Merck & Co. Inc

Amprolium Process Fugitive Emissions

Summary of VOC Fugitives, 1993 & 1994

1993 | 1994
TOTAL TOTAL VOC TOTAL TOTAL VOC
COMPONENT COMPONENT SERVICE | | EMISSIONS COMPONENT COMPONENT | | SERVICE | | EMISSIONS
TYPE COUNT HOURS (LB/YR) TYPE COUNT HOURS (LB/YR)

Valves © 2739} | 9,907,949 257497 Valves 2739] [11,668,613 3032.69
Sampling Devices 90 484,653 41.05 Sampling Devices 90 599,356 50.76
Pressure Relief .Valves 137 641,026 655.00 Pressure Relief Valves 137 7'32.003 769.09]
Pumps . 126 581,480 9062.56 Pumps 126 669,808 5928.28]
Open Lines 443| | 1,430,759 5134.25 Open Lines 443| | 1,369,163 4680.78
{Flanges 7904| 131,934,535 7985.48 Flanges 7904 }37,323,961 9333.27
Agitator Seals 26 99,122 147.73 Agitator Seals 26 119,007 182.69
TOTALS: 11465| [45,079,524 25,601 11.465| |52,481,911 27,978

Average annual emissions, 1993/94: (25,601 Ib + 27,978 1b) / 2 = 26,790 |b/year (13.4 TPY)




Merck & Co. Inc
Amprolium Process Fugitive Emissions
Valves
1993 1994
~ TOTAL | [TOTALVOC| | — voC TOTAL | | TOTAL VOC Voc
REFERENCE TOTAL_| | SERVICE | | EMISSIONS EMISSIONS REFERENCE TOTAL | | SERVICE | | EMISSIONS _EMISSIONS |
FILE VALVES | | HOURS {LE/YR) {LBAVALVEHR) FILE VALVES | | HOURS (LE/YR) (LB/VALVE/HR) |
93ACRYL1.WK1 40 116,905 0.1 9.49E-07 94ACRYLT.WK1 40 144,573 0.14 9.49&-07]
93ACRYL2. WK1 32 4,368 0.62 1.43E-04 S4ACRYL2 WK1 2 5,402 0.77 1.43E-04
93MEOH1.WK1 96 590,534 246,39 4.17E-04 S4MEOH1.WKi 9 730,296 304.69 4A7EO4
93MECH2. WK1 54 550,707 131.27 2.36E-04 S4MEOH2. WK1 94 681,142 162.34 2.38E-04
93MECH2S. WK1 88, 237,512 45.48 1,91E-04 94MEOH2S. WK1 88 203,724 56.24 1.91E-04
93MECH3.WK1 18 157,680 39.26 2.49E-04 94MECH3.WK1 18 184,990/ 4855 2.49E-04
93IMEOH3S.WK1 136 259,587 403,83 1.56E-03] 94MECH3S WK1 136 321,023 499.41 1.56E-03)]
93AMINOT.WKI 68 194 682 16.08 8.26E-05 S4AMINOT. WK1 68 240,757 19.89 8.26E-05
93AMINO2.WK1 78 366,051 57.33 1.56E-04 S4AMINOZWK1 78 453,797 70.50] 1.56E-04
93AMINOI.WK1 77 510,526] 162.26 3.18E-04 S4AMING3.WK1 77, 631,352 200.69] 3.18E-04
93AMPRL1.WK1 63 438,669 14.39 3.26E-05 S4AMPRL1.WK1 63 542,489 17.80] 3.28E-05
93AMPRL2.WK1 04 638,965 60.42 1.26E-04 S4AMPRLZ.WK1 o4 750,189 99,46 1.26;]
93METHX1.WKi 101 372,222 19.63 5.27E-05 SAMETHXT.WK1 101 460,316] 24.27) 5.27E.05)
9IMETHX2.WK1 112 724,617 121.39 1.6BE-04 SAMETHX2.WK1 112 896,112 150,12 1.68E-04
93METHX3.WK1 104 [IN 14.08 4.25E-06 SAMETHX3.WK1 104 409,751 17.42
93METHX4.WK1 78 399239 104.62 2.63E-04 SAMETHX4.WK1 78 493,727 129.62
93RECOV1.WKI 98 £86,043] 37117 6.93E-04] S4RECOVI.WK1 28 724,742 459.02
93IRECOVZ.WK1 38 167,091) 11.47 6.86E-05] S4RECOVZ.WK1 38 206,636 14,18
93STFXYL.WK1 76 665,760 60.67 9.11E-05 S4STFXYLWKI 76 823,325 75.03
G3CYHEX WK1 * 769 268,364 74.94 2.60E-04 S4CYHEX WK1 * 269 356,611 9768
93DMS. WK1 ~ 93 102,176 26.55 2.60E-04 S4DMS.WKA * 93 126,350 32.64
ERCSR1.WK1* 218 831,473 216.09 2.60E-04 ERCSR2.WKI * 218 956,148 248.60]
ERCSR3.WK1* 392 558,264 145,09 2.60E-04 ERCSRA.WKS * 352 370,944 96.45]
ERCSR5.WK1 * 276 814,200| | - 211.60 2,60E-04 ERCSRG.WK1 276 814,200 211.60]
TOTALS: 2739| | 9,907,949 2574.97 2.60E-04 2739| {11,668,613 3032.69
Average leak rate for valves = (2574.97 |b + 3032.69 tb) / (9,907,949 hr + 11,6?8,613 hry = 2.60E-04 Ibthr
I L1 | I S 11 | 1

Average annual total VOC emissions from valves in 1993/94 = (2574.97 Ib + 3032.69 Ib) / 2 = 2803.83 Iblyear
* Components were nol screened. The mean leak rate from screened components was applied to calculale emissions.




Merck & Co. Inc || [ | !
Arnproliurn Process Fugitive Emissions

Sampling Devices

1993 1994

TOTAL TOTAL | | TOTAL VOC VOC TOTAL TOTAL | | TOTAL VOC VOC
REFERENCE SAMPLING | | SERVICE | | EMISSIONS EMISSIONS REFERENCE SAMPLING | | SERVICE | | EMISSIONS EMISSIONS
FILE DEVICES HOURS {LE/YR) {LB/DEVICEMR) FILE DEVICES HOURS {LB/YR) (LB/DEVICEHR] |

S3ACRYLL.WK1 1 156 0.00 0.00E+00| 94ACRYLI.WK1 1 193 0.00] 0.00E+00
GIACRYLZWKA 4 624 0.01 9_13E-06| 94ACRYL2.WIK1 4 772 001 9.13E-06
93MEOH1.WK1 1 7.488 0.01 1.34E-06} 94MECHT WK1 1 9,260 0,09 1.34E-06
93MEOHZ.WK1 5 30,646 2.78 9.07E-05, 94MEOHZ WK1 5 37,899 344 9.07E-05)
93MEOH2S.WK1 0 0 0.00] INA 94AMEOHZS.WK1 0 0 0.00] {N/A
S3MEOHI.WK1 3 26,260 262 D.97E05 94MECH3.WK1 3] 32 500 324 0.97E05|
93MEOH3S.WK1 1 630] 0.00 0.00E+00] 94MEOH3S.WK1 1| 779 0.00 0.00E+00)
93AMINOTWKI 10 35,651 025 6,95E-06) S4AMINOT. WK1 10} 45,325 0.32 6.95€-06)
[93AMINGZ. WK1 3 27,165 0.03 1.07E-06) P4AMINO2 WK1 6| 33,504 0.04 1.07€-06|
9AAMINO3IWK1 7 48,293 2.57 5.32€-05 S4AMINO3I. WK1 71 59,723 .18 5.32E-05
93AMPRLI.WKI1 3 20,889 0.02 9.576-07 4AMPRLT.WK] 3 25,833} 0.02 9.57E-07
93AMPRL2WK1 7 48741 2051 4.21E04 S4AMPRLZWKL 7 60,277 25.36 4.21E-04]
93METHX1.WK1 9 35,597 0.23 9,04€-06| SAMETHX1.WK1 9 32,026 0.29] 9.04E-06
93METHX2.WK1 5 35,000 0.33 9.26E-06 S4METHXZ.WK1 5 43,395 0,40 9.2ssjosji
93METHX3.WK] 8 14,040 122 8.69E-05 D4METHX3 WK1 3 17,363 151 8.69E-05
9IMETHXA.WK1 6 44,978 0.34 7.57E-06 S4METHXA.WK1 6 55,561 0.42 7.57E-06
93RECOVI. WK1 6 35,975 2.57 7.14E-05] 94RECOVI.WKI 6 44,489 3.18 7.145435: |
S3RECOVZ. WK1 1 2,320 3.03 1,69E-03| S4RECOVZ.WK1 1 2,669 4.86] 1.69E-03]
93STFXYLWK1 9 76,840 3.63 4.60E-05 S4STFXYL.WKI 9| 97,499 4.49] 4.60E-05]
G3CYHREX,WK] * (] 0 0.00f |N/A S4ACYHEX. WK * 0 0 0.00] IN/A

GIDMS WK1 ¢ (] 0 0.00| |NA PAOMS. WK1 * 0 0 0.00] |NA

ERCSR1.WK1 * 0 0 0.00] [N/A ERCSR2.WK1 * 0 0 0.00] |N/A

ERCSRI.WK1 * 0 0 0.00] [N/A ERCSRAWKI~ 0 0 0.00] |NA

ERCSR5.WK1 * 0 0 0.00] [N/A ERCSREB.WK1*® 0 0 0.00] (N/A

TOTALS: 00 484,653 41.05 8,47E-05 90 599,356 50.76 8.4TE-05

Average leak rate for sampling devices = (41.05 Ib + 50.76 Ib) / (484,653 hr + 599.

356 hr) = 8.47E-05 Ib/hr

L 1

| |
Average annual total VOC emissions from sampling devicesin 1993194 = (41.051b + 50.76 1b) 12

= 45.91 Iblyear

| 1 1
* Componentswere not screened. The mean feak rate from scree:

ned components was appl

1 - —_— ..
led to caleulate emissions. | |




Merck & Co. Inc
Amprolium Process Fugitive Emissions
Pressure Relief Devices
1993 1994
TOTAL | | TOTAL VOC VOC TOTAL | | TOTAL vOC VOC
REFERENCE TOTAL | | SERVICE | | EMISSIONS EMISSIONS REFERENCE TOTAL | | SERVICE | | EMISSIONS EMISSIONS
FILE PRVs HOURS (LE/YR) (LB/PRVAHR) FILE PRVS HOURS {LB/YR) (LBPRVAR]
B3ACRYL1.WK1 1 8,760] 0.01 1.14E-06 94ACRYL1.WK1 1 8,760 0.01 1.14E-0§)
93ACRYL2.WK1 0 0] 0.00] [N/A 84ACRYL2.WK1 0 0 0.00] [N/A
93MEOH1.WK1 1 7,488 6.0 1.34E-06 94MEOCH1.WK1 1 8,760 0.01] 1.34E-06
93MEOH2.WK1 6 23,737 9.75 4.29E.04 94MEOH2. WK1 6 28,106 12.06} 4.29E-04|
93MECH2S WK1 4 10,796 150.00 1.39E-02 84MEOHIS WK1 4 13,351 185.50 1.39E.02|
G3MEOH3WKI 3 26,280 14.48 5.51E-04 94MEOH3 WK1 3 26,260 1448 5.51E-04}
93MEOH3S. WK1 2 1,260 0.84 6.67E-04 S4MECH3IS. WK1 2 1,558 1.04 6.67E-04
93AMINO1.WKi 8 24,578 168.64 6.86E-03 S4AMINOT.WK1 8 30,395 208.55 s.sﬁa
93AMING2. WK1 10 50,450 11596 2.30E-03 S4AMINO2. WK1 10 62,390 14340 2.30€-03
93AMINO3I. WK1 10 68,990 .64 1.25E-04 S4AMINO3I.WK1 10| 85,318 10.68| 1.2@'
93AMPRLT.WK1 7 48,741 4.64 9.52E-05 S4AMPRLI.WKI1 7 60,277 5.74 Y
93AMPRL2.WKI1 5 34,153 0.06 1,76E-06] S4AMPRL2. WK1 5 42.236 0.07
S3METHX1.WK1 3 22,464 0.03 1.34E-06 SAMETHX1.WK1 3| 26,260 0.04
SIMETHX2.WK1 8 48,893 7.46 1.53E-04 SAMETHX2. WK1 8 60,465 8.33
SIMETHXI.WK1 6 16,536 0.01 6.05E-07 SAMETHX3 WK1 [ 20,450] 0.01
93METHX4.WK1 4 29,952 3058 1.02E-03 SAMETHX4.WK1 4 35,040 35.77)
93RECOVI.WK] 5 34,815 337 9.68E-05 84RECOVIWKI 5 43,055 437
93RECOV2. WK1 [ 0 0.00| [N/A 94RECOV2.WK1 0 0 0.00] |N/A
93ISTEXYLWKI 10 87,600 42.05 4.80E-04 94STFXYL WK1 10 87,600] 42.05
93CYHEX.WKT * 12 11,320 11.55 1.02E-03 94CYHEXWK] * 12 13,999 14.70
93DMS.WK1 * 0 0 0.00] [N/A | 94DMS.WKT * 0 0] 0.00| |WA
ERCSR1.WKi * 13 49,583 50.57 1.02E-03) ERCSR2.WK1 * 13 56,667 59.50]
ERCSR3.WKI * 13 17,840 18.30 1.02E-03} ERCSR4.WK1 * 13 13,008 13.66]
ERCSR5.WKI * 3 17,700 18.05 1.02E-03 ERCSRE.WKI * 6 8,010 8.41
TOTALS: 137 641,026 655.00 1,.02E-03 137 732,003 769.00
Average leak rate for PRVs = (655.00 Ib + 769.09 Ib) / (641,026 hr + 723,003 hr) = 1.04E-03 Ib/hr
[l | L] | 1 | | 11
Average annual VOC emissions from PRVSs In 1993/94 = (655.00 Ib + 769.09 Ib)/ 2 = 712.05 Iblyr
'Components were not screened. The mean leak rate from sereened components was applied to delermine emissions. I1 Tl

i
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Merck & Co. Inc
Amprolium Process Fugitive Emissions
Pumps
1993 1994
TOTAL TOTAL VOC VOC TOTAL TOTAL VOC VOC
REFERENCE TOTAL | | SERVICE | | EMISSIONS EMISSIONS REFERENCE TOTAL | | SERVICE | | EMISSIONS EMISSIONS

FILE PUMPS HOURS {LE/VR) (LB/PUMP/HR) FILE PUMPS HOURS (LE/YR) (LB/PUMP/HR]) |
93ACRYL1.WK1 1 7.446 0.00 0.00E+00 S4ACRYLIWKI 1 8,760 0.00 0.00E+00)
93ACRYL2.WKi 0 0 0.00| [WA SIACRYL2,WK1 0 o] [NA #VALUE!
93MEOH1.WKI 2 14,976 19.64 1.31E-03 S4MEOHT.WKI 2 17,520 2298 1.31E-03]
93MEOHZ WK1 8 44,339 670.44 1.51E-02 S4MEOH2.WK1 8 54,833 83911 1.51E-02
S3MEOH2S.WK1 0 ) 0.00| |N/A _ 94MEOH25.WK1 0 o] [NA #VALUE!
93MEOH3.WKI 2 17,520 2785.00 1.59E-01 94MEOH3.WK1 2 17,520 2765.00] 1.59E-01)
93MEOH3S.WK1 7 15927 691.87 5.60E-02 94MEOH35.WK1 7 19,696] 1102.95] 5.60E-02
93AMINOT WK1 5 19,188 28.49 1.48E-03] 94AMINOT.WKI1 5 23,729 35.23| 1.48E.03
93AMINO2.WK1 6 25,010, 1.89 7.56E-05] S4AMINOZ.WK1 6 30,929 2.34 7.56E-05
93AMINO3IWKIT 6 41,394 142.91 3.45E-03] S4AMING3.WK1 6 51,191 176.73 3.45E-03]
93AMPRLI.WKI 3 20,689 26.09 1.25E-03] B4AMPRLT.WK1 3 25833 32.26 1.256-03]
93AMPRL2Z WK1 10 68,306 1363.11 2.00E-02 S84AMPRL2WK1 10 84,472 1685.72 2,00E-02)
93METHX1. WK1 2 7,956 10.94 1,38E-03 S94METHX1.WK) 2 9,839 1353 1,36€-63]
93METHX2 WK1 5 29,413 95.99 3.26E-03] S4ME THX2.WK1 5 36,374 116.71) 3.26E-03]
SIMETHXI.WK1 7 26,704 5.25 1.83E-04) SAMETHX3.WIG 7 35,497 6.40 1.83E-04)
GIMETHXA, WK1 8 45,072 159,19 3.53€-03] B4AMETHX4.WK1 8 55,739 106,87 353E-03
93IRECOVI.WK] 4 22,049 11.82 541E-04 S94RECOVI.WK1 4 27,267 14.74 5.41E-04
93RECOV2.WKI1 4 18,566 934.83 5.04E-02 S4RECOVZ.WK1 4 22,960 1156.00 5.04E-02
93STEXYLWKI 9 78,840] 731.19 9.27E-03 S4STFXYLWK1 9 78,840 731.19 9.27E-03
93CYHEX WK1 * ] B,490 132.44 1.56E-02 94CYHEX WK * 9 10,499 155.39] 1.48E-07
93DMS.WK1 * 2 20 0.31 1.56E-02 94DMS.WK) * 2 25 037 1.48E-02
ERCSR1.WK1* 9 34,327 535.50 1.56E-02 ERCSR2Z.WK1 * 9 39,474 584.22 1.48E052
ERCSR3.WK1 * 1 15,348 239.43 1.56E-02 ERCSRAWKI * 1 10,800| 159.64 1.48E-02
ERCSR5.WK1 * 6 17,700 276.12 1,56E-02 ERCSR6.WKI * 6 8,010 118.55 1.48E-02,
TOTALS: 126 581,480 9062.56 1.56E-02 126 669,800 9928.28 1,48E-02
Average leak rate for pumps = (9062.56 Ib + 9928.28 Ib) / (581,480 hr + 669,808 hr) = 1.51E-02 Itvhr

11 11 i1 I I I L1

Average annual total VOC emissions from pumps in 1993/94 = (9062.56 Ib + 9928.28 Ib) / 2 = 9495.42 Ib/year
* Components were not screened. The mean leak rate from screened components was applied to calculate emissions.




Merck & Co. Inc
Amprolium Process Fugitive Emissions
Open Lines
1993 1994
_ TOTAL TOTAL VOC voc N TOTAL TOTAL VOG voc
REFERENCE TOTAL | | SERVICE | | EMISSIONS EMISSIONS REFERENCE TOTAL | | SERVICE | | EMISSIONS EMISSIONS
FILE LINES HOURS (LBNYR) (LEALINEMHR) FILE LINES HOURS (LBAYR) (LBAINEHR)
93ACRYL1.WKI 3 17,765 58.76 3.31E-03 S4ACRYL1.WKI 3 21,969 72,67 3.31E-03]
93ACRYL2 WK1 0 0 0.00] [N/A 94ACRYLZ WK1 0 O} |NA N/A
93MEOH1,WK1 2 9,228 30.51 3.31E-03 94MEOH1.WK1 2 11412 3.3 331E-03
93MEOH2 WK1 7 47,736 157.86 3.3E-03 94MEOH2.WKI1 7 59,034 195.22 331E-03]
93MEOH2S.WK1 20 48,582 160.89] IN/A | S4MEOH2S WK1 20 60,080] |N/A NIA ]
93MEOH3.WK1 4 35,040/ 115.87 3.31E-03] 94MEOH3I.WK1 4 35,040} 115.87|_ 3.31E-03]
93IMEOH3S.WK1 58 109,163] 474.45 4.35€-03| S4MEOH3S.WK1 58 134,999 586.74 4.35E-03]
93AMINO1.WK1 14 40,241 114.33 2.84E-03 94AMINO1. WK1 14 49,765 141.35] 2.84€-03]
93AMINOZ.WK1 7 29,321 80.83 3.06E-03 94AMINO2.WK1 7 36,260] 111.09 3.06€-03)
93AMINO3. WK1 2 13,798 45.62 3.31€-03 94AMINO3 WK1 2 17,064 56.42 3.31E03]
93AMPRL1.WK1 8 41,778 138.16 3.31€-03] 94AMPRL1.WK1 6 51,666 170.86 3.31E-03]
93AMPRL2.WK1 15 102,459 341.75) 3.34€-03] S4AMPRLZWK1 15 126,708 422.63 I34E-03]
93METHX1.WK1 5 5,148 17.16 3.33E-03] S4METHX1.WK1 5 6,366 21.22 3.33€-03]
93METHX2.WK1 3 14,046 46.45] 3.31E-03| SAMETHX2.WK1 3 17,370| 57,44 3.31E-09)
93IMETHX3.WK1 14 59,904 208.00] 3.476-03] 94METHX3.WK1 14 74,081] 257.23| 3A7E0))
93IMETHX4. WK1 3 44,928 148.56] 3.31€-03] 94METHX4.WK1 6 52,560 173.60| 3.31E-09]
93RECOV1.WK1 28 160,146 690.00] 4.31E-03] S4RECOVI.WK1 20 158,048 853.30] 43109
93RECOV2.WK1 B 37432 122.79 3.31E-03| S4RECOV2 WKi 8 45,920 151.65) 3.31E-09]
93STFXYL.WK1 13 113,880 376.59 3.31E-03] 94STFXYL. WK1 13 113,860 376.59] 3.31E-03]
93CYHEX WK1 * 0 2 0.00] [N/A I S4CYHEX.WK1 * 0 0 0.00] |N/A ]
93DMS.WIKT * 6 8,956 3215 3.596-03] 94DMS.WK1 * 6 11,076 37.88 3.42€E-03}
ERCSRT.WK1 * 0 0 0.00 [N/A | ERCSR2.WK1 * 0 0 0.00|_|W/A |
ERCSRIWK1® mn 164,058 568,57 3.59E-03) ERCSRAWKE * 111 97,680 334.07 3.42E-03)
ERCSR5.WK1 * 111 327,450 1175.55 3.59E-03 ERCSR6.WK1 * 111 148,185 506.79 3.426-03)
: 1
TOTALS: 4431 | 1,430,759 5134.251 3.59€.03 ~ ~ 4431 | 1,369,163 4680.78 3426001
[ ]
1
Average leak rate for open lines = (5134.25 Ib + 4680.78 |b) / (1,430,759 hr + 1,369,163 hr) = 3,51E-03 ib/hr
[ 1 L ] ' 11 [
 Average annual total VOC emissions from open lines in 1993194 = (5134.25 Ib + 4680.78 |b) / 2 = 4907.52 Ib/year

* Components warenet screened. The mean keak rate from screened components was appiled to caleutate emissions.

[T



Merck & Co. Inc
Amprolium Process Fugitive Emissions
Flanges
1993 1994
— TOTAL TOTAL VOC vOC . TOTAL TOTAL VOC VOC
REFERENCE TOTAL | | SERVICE | | EMISSIONS EMISSIONS REFERENCE TOTAL | | SERVICE| | EMISSIONS EMISSIONS
FILE FLANGES| | HOURS (LB/YR) (LB/FLANGE/R) FILE FLANGES| | "HOURS (LB/YR) (LBFLANGEMR) |
93ACRYL1.WK1 133 599,140 6.42 1.41E05 94ACRYL1.WK1 133 740,938 1041 141605
GIACRYLZWK1 110 13572 3.45] 2.54E-04 S4ACRYL2Z.WK1 10| 16,784 4.27] INA |
93MEOH1.WKI 239] | 1,620,154 53821 3.32E-04 S4MEOH1.WKi1 239| | 2,003,596 665.59] 3.32E-04)
93MEOHZ.WKi1 297] | 1,644,965 413.82 2.526-04 S4MEOH2 WK1 297] | 2,034,279 513.00] 2.52E-04|
93MEOH2S.WKi 292 772,733 809.03 1.05E-03 S4MECHZ5S WK1 252 955,614 1000.50] [N/A |
93MEOH3.WK1 61 534,360 130.51 2.44E-04 84MEGH3.WK1 61 660,827 161.40] 2.44E-04
93MEOH3S. WK1 765 525919 880.45 1.69E-03 S4MEOH3S.WK1 265 650,388 1088.72 1.69E-07)
93AMINGT.WK1 246 681,918 144,70 2.12E-04 S4AMINOT.WKI 246 843,308 178.95 2,126-04)
{23AMINOZ.WKT 309 | 1,416,496 137,92 9.74E-05 94AMINO2. WK1 309] | 1,751,738 17056 0.74E-05)
T3AMINO3 WK1 269} | 1,655,831 36054 1.54E-04 94AMINOI.WKI1 269] | 2,295,051 44587 1,94E-04
93AMPRL1,WK1 348| | 2,374,383 72.35 3.056-05 S4AMPRL1.WK1 348| | 2,936,328] BO.47 3.05E05
93AMPRLZ WK1 382] | 2,582,743 151,03 7.40E-05 SAAMPRL2.WKI 382] | 3,184,001 236,24 7.40E-05
S3METHX1.WK1 331} | 1,126 466 84,67 7.52E-05 94METHX1.WK1 331] | 1,393,067 104.71 7.52E-05]
93METHXZ.WKIT 360] | 2,304,881 613.31 2.66E-04 SAMETHX2.WK] 360] | 2,850,377 758.46 2.66E-04|
IIMETHX3.WKI 298 848,015 34.86 4.11E05 SAMETHXI.WKA 298] | 1,048,715 4311 4.11E-05]
SIMETHX4.WK1 215[ | 1,153,968 472.28 4.09E-04 S4METHX4.WK1 215] | 1,427,078 584,05 4.00E-04|
93RECOVI.WKI 410] | 2280,303 1148.33 SI04E-04 S4RECOVI.WK1 410] | 2,619,982 1420.11 5.04E-04|
93RECOVI,WKI1 94 431,658 87.51 2.03E-04 S4RECOV2. WK1 94 533,818 108,22 2.03E-04|
D3ISTFXYLWKI 305| | 2,663,040 219.09 8.23E-05] O4STEXYL WK} 305] | 3.293.302 270.84 8.23E-05]
93CYHEX.WK1 621 585,810, 146.45 2.50E-04 S4CYHEX. WK1 * 621 724,454 16111 2.50E-04)
93DMS. WK1 * 192 215,238 53.81 2,50E04 54DMS. WK * 192 266,178 66.54 2.50E-04]
ERCSR1.WKI * 699] | 2,666,055 666.51 2 50E-D4 ERCSRZ.WK1 * 699 | 3,065,614 766,45 2.50E-04|
ERCSR3.WK1 * 792| | 1,160,668 290.17 2.50E-04 ERCSR4.WKI* 792 965,264 242,32 2 50E04|
ERCSRa.WKI * 636| | 1,676,200 469.05 2.50E-04 ERCSR6.WK1 * 636 845,060 212.27 Z50E-04|
TOTALS: 7904] |31,934,535 7985.48 2.50E-04 7904] "|37.323.561 9333.27 2.50E-04
Average leak rate for flan?es = (7985.48 Ib + 9333.27 b} /(31,934,535 hr + 37,323,961 hr) = 2.50E-04 Ib/hr
il I 11 L] | i 11 ]
Average annual total VOC emissions from flanges in 1993/94 = (7985.48 ib + 9333.27 Ib) / 2 = 8659.38 Iblyear
#VALUE]
* Components were not screened. The mean leak rate from screened components was applied to calculate emissions.




Merck & Co. Inc
Amprolium Process Fugilive Emissions
Agitator Seals
1993 1994
TOTAL TOTAL | | TOTAL VOC VOC — TOTAL TOTAL | | TOTAL VOC VOC
REFERENCE | | AGITATOR | | SERVICE | | EMISSIONS EMISSIONS REFERENCE | | AGITATOR | | SERVICE | | EMISSIONS EMISSIONS
FILE SEALS HOURS (LB/YR] (LB/SEAUMR] FILE SEALS HOURS (LBYR) (LB/SEALAR)
83ACRYL1.WK1 1 156 0.00 0.00E+00 S4ACRYL1.WK1 1 193 0.00 0.00E+00,
93ACRYL2 WK1 6 624 0.02 2.T1E-05 94ACRYL2.WK1 6 mn 002 2.71E-05}
93MEOH1. WK1 3 22,464 94.39] 4.20E-03] 94MEOH1.WK] 3 26,260 116.73 4,44E-03
93IMEOH2. WK1 2 12,168 1.80] 1.48E-04 94MEGH2,WK1 2 15,048 223 1.40E-04
93MEOH2S WK1 0 0 0.00| [N/A 94MEOH2S.WK1 0 0 0.00| [N/A
93MEOH3.WK1 0 0 0.00] |N/A S4MECH3.WK1 0 0 0.00] |NA
93MEOH3S WK1 0 0 0.00{ N/A S4MECH3S.WK1 0 0 0.00] [N/A
93AMINO1.WK1 0 0 0.00f [N/A 94AMINO1.WK1 0 0 0:60] [NA
93AMING2. WK1 ) 0 0.00] |N/A 94AMINOZ. WK1 0 0 0.00] |N/A
S3AMINO3 WK1 0 0 0.00] |N/A 84AMINOI.WK1 0 0 0.00] [N/A
93AMPRL1.WK1 o] o] 0.00] |N/A 94AMPRL1.WK1 0 0 0.00] [N/A
g3AMPRL2 WK1 9 0 0.00] |N/A B4AMPRL2ZWK1 0 0 0.00] [NiA
93METHX1.WK1 7 17,785 1.31 7.37E-05 SAMETHX1.WK1 7 21,994 1.62 7.37E-05
IIMETHX2.WK1 4 26,869 50.20 1.67E-03] AMETHX2 WK1 4 33,228 62.08 1.87E-03]
93METHX3.WK1 2 10,296 0.00 0.00€+00) SAMETHXI WKL 2 12,733 0.00] 0.00E+00}
93METHX4.WK1 0 0 0.00] [W/A 4METHX4. WK1 0 0 0.00] TN/A
93RECOVI.WK1 [ 1) 0.00] [NWA MRECOVIWK1 0 o 0.00[ [N/A
93RECOV2.WK1 [ 7 0.00} TwA S4RECOV2.WK1 0 o} 0.00} |N/A
93STFXYL.WKI 1 8,760 0.01 1.14E-06 S4STFXYLWK1 1 8,760] 001 1.41E-06}
93CYHEX.WK1 * [ 0 0.00[ [N/A QACYHEX.WK1 * o 0 000] |NIA™_~
93DMS.WK1 * 0 0 0.00] |N/A S4DMS WK1 * 0 0 0.00] |NiA
ERCSR1.WK1* 0 0 0.00]_|NA ERCSRZ.WK1 * ) 0 0.00] [NWA
ERCSR3I.WK1 * 0 0 0.00] |N/A ERCSR4WK1 * [ 0 0.00] [N/A
ERCSR5.WK1 * 0 of 0.00] |N/A ERCSREWKT * 0 0 0.00] {NA
TOTALS: 26 99,122 147.73 1.49E-03 26 119,007 182.69 1.54E-03
Average leak rate for agitator seals = (147.73 Ib+182.691b) /{89,122 hr +119.007 hr) = 1,51E-03 ib/hr
. 11 L | , 1 L1
| Average annual total VOC emissions from agitator seals in 1993194 = (147.73 Ib + 182.691b) / 2 = 165.21 Iblyear
(] (.| —— — _
* Components were not screened._ "=~ =~~~ leak rate "~~~ screened was ~—="~~ '~ cakulate emlssions, T
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MERCK WASTEWATER AIR EMISSIONS MODEL
DESCRIPTION AND BACKGROUND

Description of the Model

The Clean Air Act specifically targets control of emissions from wastewater. Merck has begun to customize 2
model which was developed to quantify air emissions from 2 wastewater treatment plant This model determines
the fate of volatile organic compounds introduced into the wastewater treazment plant by calculating the amount of
material which sorbs onto the solids, biodegrades, is emitted into the aumosphere or is passed-through the plant,

Avaiiable Emission Models for Wastewater Treatment

SARA

When the SARA program was initiated, EPA provided guidance on estimating SARA emissions from wastewster
in "Estimaring Releases and Waste Treatment Efficiencies for the Toxic Chemical Release Inventory Form*
(EPA/560-4-88-002, December 1987). This guidance has been used by Mearck to quantify air emissions from
wastewater. The information in the table was extracted from the 1986 "Report to Congress on the Discharge of
Hazardous Waste to Publicly Owned Treatment Works® (EPA/530-SW-86-004) and as such was never intended to
be used as a predictive tool to estimate emissions. - The guidance applies only to compounds in the influen at less
than 500 ppb and estimates zero emissions for most nor-chlorinated compounds in wastewater,

Significant study has been done on emissions from wastewater treatment plants since 1987. EPA has been moving
ahead to regulate emissions from wastewater collection and treaunent systems. The Hazardous Organic NESHAPS
(HON) rule for the Synthetic Organic Chemical Manufacturing Industry (SOCMI) codifies EPA's expectation that
industry quantify and control emissions from wastewater. These regulations do not apply to the pharmaceutical
industry but they are a model for what may be proposed next year in the Pharmaceutical Effluent Guidelines.
Because our plants will be required to quantify and control secondary emissions in the near fisture, we need to
begin now to develop the tools to understand and control secondary emissions.

EPA's Water7 Model

Water 7 is an EPA model which was originally used for estimating emissions from Hazardous Waste Treatment
Storage and Disposal Facilitics. Water 7 was used by EPA during development of the Hazardous Organic
NESHAP (HON) to predict air emissions from wastewater treatment plants. EPA has stated that this model is
adeguate for their uses in evaluating nationwide trends for air emissions. Numerous limitations and incorrect
technical features of the mode! have been recognized by regulated industries including the Chemical _
Manufacturing Association (CMA). These include technical flaws in the mathematical models of liquid mass.
transfer, biodegradation rates, trickling filters, clarifiers, mechanical aeration and diffused aeration,

Other Models

There are several additional models available to predict secondary emissions from wastewater treatment plants,

* Most of the models are limited in flexibility, type of treatment units and compounds included. The NOCEPM
model includes activated sludge and aerated lagoons only in the pulp and paper industry; the PAVE model,
developed by a member of CMA, models oniy completely mixed activated sludge and does not account for sorption
nor variation in the mixed liquor suspended solids concentration; SIMS is based on Water 7 and does not account

for sorption.

TOXCHEM was developed by Eaviromega, Lid. to provide a comprehensive computer based fate and transport
model using the latest scientific information. Through pilot plant and full scale piant studies with municipal and
industrial wastewater, the mode! has grown to be the most complete and representative of the fate models, This
modef allows caiculation of existing treatment piant emissions, biodegradation, sorption and pass-through of
organics and metals as well as the ability to evaluate the benefit of emission suppression or process changes.
Compreheasive testing programs have been carried out by Enviromega to estimate VOC emissions from treatment




processes including equalization basins. aerated tanks and dissojved air floatation units at petrochemical plants in
Texas, West Virginia and Ontano. This experience with VOC emissions testing has been accessed by the
Chemical Manufacturers Association (CMA) to cntically review wastewater treatment provisions proposed by EPA
under the Clean Air Act Amendments. CMA aiso reined Enviromega to estimate VOC emissions from floor
drains in a pilot wastewater collection system. and to measure the ventilation rate and emissions from a coilection
System at Dupont in Tennessee. TOXCHEEM has been approved by EPA as an alternative to Water 7 in the
SOCMI HON (59 FR 19606).

Merck Model .
Merck's model is 2 user friendly version of TOXCHEM that allows the user flexibility to model any treatment
train. The model has a mass balance approach which addresses sotpuon. biodegradation, air emissions and pass-
through. The consuitant specifically developed the cooling tower model for Merck but all other pieces of the
model have been used and validated over the past six years. Qur version incorporates the basic equations of
TOXCHEM (attached) with adjustments for Merck specific parameters such as the organic compounds and
treatment processes at our piants. The model requires information on the physical dimensions of the treatment
units, the influent concentrations and other equipment specifications such as ventilation rates, oxygen transfer and
horsepower requirements, Parameters can be adjusted for site specific data such as biodegradation rate, octanol
water partitioning coefficients, etc. Merck’s model is 2 scicatifically accepted and peer reviewed mathematical
represeatation of the fate of organic compounds in a wastewater treatment plant. Pilot testing and testing at full
scale veatment plants show that the equations in the model closely represent actual emissions.

Predictive Modeis

Predictive models are an increasingly important tool to understand the impact of environmental releases and
develop cost effective compliance strategies. Frequently, model outputs are estimates, however, the value of a
model must be weighed against the alternative for obtaining the desired information. Modeis offer a relatively
inexpensive method ofmakingﬁmcu’mofemissionsandandimtheaﬂoaﬁonofmﬁmdingtot.he
most critical areas. In the case of secondary emissions, actual measurement of losses from a wastewater treatment
plant is difficult and extremely expensive. Reliable estimates of the fate of contaminants through field
measurements would require: a large number of liquid and gas phase samples to be taken at intervals which are
substantially shorter than the duration of the batch wastewater discharge, accurate measurements of all process
flows, personnei trained in proper collection of the samples, correct sample equipment and accurate laboratory

- analysis

Characterization of wastewater streams at all Merck facilities under all possible operating conditions by direct
monitoring is not possible. Therefore, use of 2 predictive model is appropriate.




Attaclhiment

Wastewater Air Emissions Model Background
Calculations Used to Calculate Fate and Mass Transfer

Tyne of VOC Remaoval Empirica] Comments
Surface Volatilization Henry's Law Kyq - varies for wastewater vs. clean water
- partitioning between K, = Ce

dissolved and gaseous Cw
phases
- tc"]pcra“"c ad.j"s““c"( VAN Hoff RCIﬂliO"Ship l 0"4“-"’

rate of mass uansfer
(same as TION)

Overall Mass Transfer Coefficient (Resistance) |
| I |

—_—— —_—
Mass Transfer Flux

CI
Faky|C -2t

H

kq = liquid phase transfer coeficient
kg = gas phase transfer cocflicient

carly models assumed ky was negligible but its been shown
that kg can be high for acrated systems or covered
tréatment. Cg is still assumed to be zero for open
processes,

Rate of Mass Transfer (two filin theory)

~dAf C
—~=K A4 C, -=L
dt t ( ¢ K,

Need Ky for each compound
Mackay and Yeun:
kg =0.001 + 46.2 x 10-3U°Sc-0.67

kL =1x 1064 24.1 x 101U°S¢; (U*>0.3)
kL= 1x 106 + 144 x 10-4U°2.28¢; -0.5U°<0 3)

A = arca across which mass transfer veews

U* = air side friction velocity (n/s)
=102(6.1 + 0.6311,9)0 5,

Uyo = wind 10 m above fiquid (nvs)

ScG = gas phase Schmidt # =
viscosityl(dcnsity‘diﬂ'usivily)

Qe linpid nhacs Catiid #




Mechanical Aeration

Acrator Oy Mass Transfer Rating:

No(kgO2/KW-hr) under STD. conditions (c=o0, T=20°C, clean waiter)
PNo

cy _
Needs 1o be corrected for dinty/clean water ratio (Metcalf and Eddy)
D

kl. = K‘.a‘r‘"‘(o < ]
exy

¢,

n=05t01l

k
Experiments sap IL =204040=R
t

so Kn= ﬁﬂﬁ-ﬂ)— = AMass Transfer For Mechanical Aeration

'(RK" +1

-A is dependent on acrator lype

-K|, is highly dependent on acrator

P = Acrator HP, in KW

Cs = Conc of 07 in water at saturation, kg/m?

V = Tank volume, m3

0O has high K so liquid phase mass transler limited
D, = diffusivity of compound of interes(

Doxy = diffusivity of oxygen

Diffused Aeration

Completely saturated bubbles (low Ky, fine bubble)
Rate of stripping:
o

7,;‘ = Q‘KMC

Incomplete Saturation:

J/ . el VK ,a
%:Q‘L"[l— ’(—L]]C

K"Q‘
foa = 0,4, (OTE)Y,,,
Lt = .
C any -C‘i‘)’

kl’
T=20m4o=ﬂ n=05101

!

K= K.Lauy[—LDD ] (——M—Rh )
ary

QB = acralion rate

as I-("Qg becomes small the bracket approaches umty
showing the saturation assumption to be true

duxy = density of oxygen at mid-depil)
Yoxy = mol haction of oxygen i ais

¢ vgep . . . .
C oxy = equilibrium concentration o OXYRCI i waller ag
mid—(?::plh

Coxy = concentration of oxygen in waler mid-depth

OTE = Oxygen Transfer Efficicnay




)

| Drop Stnuctures

Pincince determine:
Primary Clarifier

Inr, - 0.042 20.872q0.509
Secondary Clarifier:

Int, - 0.077 20.623q0.66

_C,~C
_C. -CJ

%

for plug flow:

Inr, = Inr‘,[—k-ﬂ'—]
Kio

Ky, (D Y( &e,

Drops provide a variety of mechanisms for I.llﬂssbll;;l;;ﬁ:l
Z = distance of full

q = flow rate perlength of weir

Cs = saturation O, concentration

Cy = upstream Oy concentration

Cy = downstream O concentration

ly=C\y/Cy

Cy. C3 = upstream and downstream VOC concentiiog

Mass flow volatilized from the drop is equal to product of

flow over the drop and the change in concentration across
the weir.

Biodegradation

Monod equation

r = ratc of compound disappearance

S = concentration of compound

Xa = active microbial cell mass

Ks = saturation coefficient

;m = maximum microbial growth rate

y = cell yield coefficient (8. cells/g substitute)

. . jon
k = first order biodegradation rate constant or -—7
(»x,

r=pm SXa/[Y(K8)) = rSX /(YK ) = KSX,

Dnrna /R

- ——— it aa

* Biodegradation rate cocfficients can vary by 3 mders

of magnitude. Some researchers have used o sticture:

activity relationship 10 estimate biodegradation rate

e difficult to interpret the active cell concentiation, Xa
Some models use total or fraction of VSS. Others use
a large fraction of 10tal biomass that would degrade
VOCs by secondary utilization.

¢ ToxChem inchules anacrobic biodegradation

|
|
i
i
?



Sorption

Lincar isotherms describe sorption equilibrium by first order rate of
removal

K p-sorption partition coeflicicnt can be estimated from octonal-water
pastion coefficients using Dobbs formula.
Dobbs Correlation

Log Kp = 0.58 Log Kow + .14

not 3 major removal mechanism for VOUs

Propertiesof primary secondiary or digested shudge e
not different in sorption of VOCs.

Macroscopic propersties should be the same for
industrial (unless filamentous sludge).

Potential Calibrations

Oxygen transfer rates
Biodegradation rate constants
Kow in our wastewater

Wind speed measurements




Example ToxChem Model of WWT Emissions

Tue May 21, 1996, 08:16 AM

Stonewall
-] 4 L4 -] L] 4 K L L] N -] P
2 -:;é,;
./
s
L
: \\ _?‘ ' \\ M \\ 1 \\ H

T - M . L S I B = Pt & ——e— Y

_ El v § A rd el
. M - _ _

i NS /

%I g;

* 1 o ’ * P
Process Influent(L3] - Sanitary Influent
!Wastewater flow rate o 1.000e-01 = ___MGD
suspended solids . ~100. 00
.Volatlle SS ratio i . 75.0Q o _ i %
OnllGrease cqqcentratlon 0.000e+00  ~ ~~  mgll __
| Temperature 59.00 deg F
Process Influent{D4] - Influent L

Wastewater flow rate 120 o N _MQQ___ -—
Suspen_d_egl solids L _ __500.00 _ mg/L —
Volatile SSratio o 80.00 I LS
OlllGrease concentration 0. 000¢f_09_._“___'_ . mglt
Temperature 80.60 deg F




Tue May 21, 1996, 08:16 #

Exampie Toxéhem Model of WWT Emissions

Equalization(F4] - Equalization

Depth 17.00 R
Surface area 384800 sqft
Covgred NO

Ventilation rate Not Applicable

, I Equalization(G4} - Equalization

i Depth 51.00 i

: Surface area - 2463.00 sqft
‘Covered ] NO B

‘Ventilation rate Not Applicable

i Equalization{H4] - Equalization

:Depth - 51.00 ft

: Surface area 2463.00 sqft
‘Covered NQ

:Ventilation rate Not Applicable

1 Equalization{K4] - Neutralization

 Depth 11.60 f
|Sufacearea ~ ~~ 0 T T T T "T3gsg0 T T T Tsqft
Covered ~ -- e e —

EVentilétion rate - "—Tlc;t-xpplicable_ T - T
E L Activated Sludge-Diffused Aeration{N4] - Activated Siudge

‘Depth 29.50 L _ ft

‘Surface area 3390.63 - sqft ~
Number of CSTRs ] I

MLSS - " "3000.00 mg/L

MLSS volatile SS ratio 90.00 %

Dissolved oxygen 4,00 ‘mgiL

Air flow rate , '5874.00 cfm

: Oxygen transfer efficiency 14.00 %

'Covered NO

-Ventilation rate "Not Applicable




Tue May 21. 1996, 08:16
Example ToxChem Model of WWT Emissions

Activated Sludge-Diffused Aeration[O4} - Activated Sludge

‘Depth 29.50 ft
Surface area 3390.63 sq ft
Number of CSTRs 1

‘MLSS ™ 3000.00 mg/L

. MLSS volatile SS ratio 80.00 %

: Dissolved oxygen 4,00 ma/L

{ Air flow rate 2448.00 cfm

. Oxygen transfer efficiency 14.00 %

'Covered NO

i Ventilation rate Not Applicable

] Activated Sludge-Diffused Aeration[P4] - Activated Sludge

: Depth 29.50 ft

‘Surface area 3390.63 sqft
Number of CSTRs 1
MLSS’ ~3000.00 mg/L

- MLSS volatile SS ratio 90.00 %

 Dissolved oxygen 4.00 mg/L

| Air flow rate - ) 1471.00 cfm

.Oxygen transfer efficiency 14.00 - %
Covorad — T S —

IVentilation rate ~ Not Applicable

Activated Sludge-Diffused Aeration{N5] - Activated Sludge

i Depth 29.50 ft

. Surface area _ 3390.63 sq ft
Number of CSTRs_ ) 1
mLss T ~ 77 773000.00 mgiL
MLSS volatile SS ratio '90.00 i %
Dissolved oxygen 4.00 mg/L

Air flow rate '5874.00 cfm

'Oxygen transfer efficiency 14.00 %

- Covered NO

'Ventilation rate 'Not Applicable

t Aciivated Sludge-Difiused Aeraton(O8] - Activated Sludge __
Depth T T T T T 2950 R
Surface area Tt T T T 3300.63 sqft

'Number of CSTRs 1
MLSS 3000.00 mg/L
MLSS volatile SS ratio 90.00 %

"Dissolved oxygen 4.00 mg/L
Air flow rate 2448.00 L ) _cfm

.Oxygen transfer efficiency 1400 %

‘Covered 7T —Two T T T
Ventilation rate """ "Not Applicable

3



Example ToxChem Model of WWT Emissions

Tue May 21. 1996, 08:16

Activated Siudge-Diffused Aeration[P5] - Activated Sludge

Depth 29.50 R
Surface area 3390.63 B sq it
Number of CSTRs 1
MLSS 3000.00 mg/L
MLSS volatile SS ratio 90.00 %
Dissolved oxygen oo T T 4.00 T mg/L
Air flow rate T 1471.00 cfm
‘Oxygen transfer efficiency Y s R %
‘Covered o I o) B T
‘Ventilation rate ) - Not Applicable T
| Secondary Clarifier/-Sludge Thickener{G6]} - Clariflocculator
Depth 14.00 R
'Surface area 2376.00 sq ft
' Weir length 172.90 ft
Waterfall height 5.000e-01 ft
Effluent SS concentration B 175.00 mg/L
: Siudge SS concentration 10000.00 ] mg/L
!Coverécr" T T NO o
‘Ventilation rate T T "Not Applicable ) ~
, _ Trickling Filter{l6] - Trickling Filter L
I'E'Ian areaoffiter = T Ti8298.60 __ sqf
 Dépth 4.00 ft
‘Media specific surface area B 7.62 _ sqfveutt
Air flow rate ] 1.000e-10 . cm
‘Biomass density ) 1.000e-10 bsicuft
Kl for oxygen ~771.000e-10 fd
Internal recycle flow rate 0.000e+00 %
Secondary Clarifier/-Studge Thickener(L6] - Tertiary Clar,
.Depth 10.00 ft
Surface area 1257.00 sq ft
‘Weir length 126.00 L S
Waterfall height 15.000e-01 B
Effluent SS concentration 100 .00. mgll.
_Siudge SS cpr{cent[a;ioh B Hu_‘_l.‘}OO_O.QO mg/L
NC

Covered
Ventilation rate

Not Applicable




Tue May 21, 1996, 08:16

Example Toxbhem Model of WWT Emissions

Secondary Clarifier/-Sludge Thickener{G7] - Clariflocculator

‘Depth 14.00 ft
" Surface area 2376.00 sq ft
‘Weir length 172.90 f
: -Waterfall height 5.000e-01 ft
Efﬂuent SS concentration 175.00 mg/L.
FSIq_nge SS concentration 10000.00 mg/l
f(_:_overed NO
Ventilation rate ) Not Applicable
Aerobic Digester{D8] - Aerobic Digester
Cepth 29.50 ft
Surface area 3390.00 sq ft
Number of CSTRs 1
Volatile SS reduction 15.00 %
| Dissolved oxygen 1.50 mg/L
 Air flow rate 1000.00 cfm
i Oxygen transfer efficiency 10.00 %
Total aerator power 10.00 hp
Standard oxygeﬁ-t-r-ansfer rate 2.50 - ) ibO2/hp.hr
Dcr}_}"\};ai_e—rlaean water corféétuéri T T 8.000e-01 ' _‘__- N
Covered T NO ) - '
Ventilationrate Not Applicable
. Aerobic Digester{E8] - Aerobic Digester
'Depth 11.00 ft
-Surface area 2730.00 sq ft
Number f GSTRS ~ g T T T e
Volatile SS reduction o 715,00 %
Dissolved oxygen 1.80 mg/L
Air flow rate 1000.00 cfm
‘Oxygen transfer efficiency 10.00 %
: Total aerator power 110.00 :hP .
! Standard oxygen transfer rate 2.50 1bO2/hp.hr
. Dirty water/clean water correction '8.000e-01 o
Covered ‘NO . .
'Ventilation rate " Not Apb'licable
: Secondary Clarifier/-Sludge Thickener{G8] - Clarifloccuiator
‘Depth 14.00 ft
"Surface area 2376.00 sq ft
_Weir length 172.90 ft
Waterfall height 5.000e-01 ft
'Effluent SS concentration 175.00 mgil
Sludge SS concentration 7 " T4o000.00 ‘mgil.
‘Covered ) T T _-NO e

Ventllatlon faife

. - ea

“Not Applicable
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Trickling Filter{I8] - Trickling Filter

P_En area of filter 182938.60 sq ft
Depth 4.00 ft
Media specific surface area 7.62 sq ft/eu ft
Air flow rate 1.000e-10 cfm
Biomass density 1.000e-10 Ibs/cu ft
Kl for oxygen 1.000e-10 - fid
:Internal recycle flow rate 0.000e+00 ) %
! Secondary Clarifier/-Sludge Thickener{L8] - Tertiary Clar.
. Depth _ 1000 L ft
; Surface area 1257.00 sq ft
1Weir length 126.00 ft
: Waterfall height 5.000e-01 ft
' Effluent SS concentration 100.00 mg/L
- Sludge SS concentration 13000.00 mg/L
"Covered NO
Ventilation rate Not Applicable
5 o Belt Filter-Press(D9] - Belt Fiter _
‘Final solids concentration ~ 10.00 T T
i Filtrate/centrate SS concentration T ~771600.00 mg/L
j Belt Filter-Press[E9] - Belt Filter
! Final solids concentration 10.00 %
Filtrate/centrate SS concentration 1000.00 ma/L
TETRAHYDROFURAN
Parameter Value Units Reference
Molecular Weight 72.10 g/mol 6
Density 8.880e-01 g/em3 13
H@ 25 deg C 1.960e-03 L gas/L liquid K
log Kow 4.400e-01 L cil/L water. 29 )
Kp 2.550e-02 Umg &
“Aerobic Kb 8.000e-04 Umghr 11
“Anaerobic Kb -1.000e+00 Umg.hr -1
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Example ToxChem Model of WWT Emissions

Detailed Emission Summary for TETRAHYDROFURAN

Process Name Grid ___ Fiow Cl1 Eff. % Emit Mass Emit
MGD ug/L % Ibs/day
Sanitary Influent [L3) 1.000e-01 0.000e+00
Influent T [D4] 1.20 7110000
. Equallzayg_n_ o _[F4] 1.20 16992.28 6.880e~01 1.18
‘Equalization (G4 120 1691726  4.385e-01 7513e-01
 Equalization_ o He T TH20 1684257 _ 4.365e-01  7.480e-01
' Neutralization K4 120 " 16830.93 6.801e-02 1.165e-01
' Activated Siudge N4l 101 21388~ 1.338e-01 2.292e-01
: Activated Sludge 04 1.0 4.58 1.283e-03 2.199¢-03
Achvated Sludge (P4] 1.01 9.825e-02 1.783e-05 3.055e-05
'Actwated Sludge {N5] 1.01 213.98 1.338e-01 2.292e-01
- Activated Sludge {05] 1.01 4.58 1.283e-03 2.199e-03
 Activated Sludge {P5] 1.01 9.825¢-02 1.783e-05 3.055e-05
Clariflocculator (G86] 6.730e-01 9.109e-02 2.808e-06 4.812e-06
‘Trickling Filter [16] 6.513e-01 5.031e-02 5.354e-19 9.174e-19
Tertiary Clar. T[L6] T 6.513e-01 4.942e-02 1.222e-08 2.094e-06
Clariflocculator 6N " e.731e-01 9,109e-02 2.809¢-06 4.812e-06
‘ Aerobic Digester [D8] T T6.254e-01  5.742e-04 496407  8.505e07
'Aerobic Digester " (e8] 6.254e01 " 1.126e-05 _ 9.939e-09 1.703e-08
iClarifiocculator ~_ ~ [G8] 6.730e-01 9.100e-02  2.808e-06  4.812e06
ITnckhng Fiter 18] '5.513e-01 ~ 5.031e-02  5.354e-19  9.174e-19 _
:Tettiary Clar, (L8] 6.513e-01  4.942e.02 1.222e06  2.094e-06
.Belt Fiter (D9) '3.327e01 9.844e-06 4.300e-11  '7.368e-11 _
‘Belt Filter T e 312701 9.844e-06 4.300e-11 7.368e-11
o Emission Summary for TETRAHYDROFURAN o
% Ibs/day -
TOTAL Air Emissions _ "1.90 T T T T T 328
TOTAL Treatedanodegraded 98.10 168.09
TOTAL Sludge Discharges 6.329¢-09 11.085e-08
TOTAL Effluent Discharges 3.027e-04 5.186e-04
("YMETHANOL
Parameter Value Units . Reference
‘Molecuiar Weight 32.00 "g/mol 0
Density 7.920e-01 "glcm3 -1 o
H@ 25 deg C '2.130e-04 'L gas/L liquid -1
log Kow .6.600e-01 "L oil/L water -
Kp 4.940e-03 L/mg -1
Aerobic Kb 4.340e-02 L/mg.hr -1
Anaerchic Kb -1.000e+0Q L/mg.hr -1
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Example ToxChem Model of WWT Emissions

Detailed Emission Summary for (*YMETHANOL

Process Name Grid Flow Cl Eff. % Emit Mass Emit
_ MGD ug/L % Ibs/day

Sanitary Influent (L3] 1.000e-01 0.000e+00

Influent (D4] 1.20 1409370.00
Equalization (F4] 1.20 1405423.54  2.800e-01 39.52
‘Equalization (G4 120 1402902.06  1.789¢-01 25.25
 Equalization T [H4a] T 1.20 1400385.09  1.786e-01 25.21

' Neutralization (K4] 1.20 139999279  2.784e-02 3.93
 Activated Sludge TTTING) 1.01 318.61 _ 3.161e-04 4.461e-02
: Activated Siudge [04] 1.01 1.220e-01 6.241e-08  8.809e-06
' Activated Sludge {P4] 1.01 4.672e-05 1.750e-11 2.470e-09
: Activated Sludge [N5] 1.01 318.61 3.161e-04 4.461e-02
Activated Sludge [05] 1.01 1.220e-01 6.241e-08 8.809¢-06
' Activated Sludge [PS5] 1.01 4.672e-05 1.750e-11 2.470e-09
Clariflocculator [G6] 6.730e-01 4.592e-05 6.133e-12 8.656e-10
Trickiing Filter [16] 6.513e-01 2.536e-05 3.595e-25 5.074e-23
Temary Clar. {L6] 6.513e-01 2.525e-05 2.284e-12 3.224e-10
{Clanﬂocculator e 6.731e-01 4.592e-05 6.133e-12 8.656e-10
| Aerobic Digester _ (o8] 6.254e-01 3.929e-09 _ 7.077e-15  9.989e-13
| Aerobic Digester T[EB] T 6.254e-01 1290e-12  2.295e-18 3.240e-16
i Clariflocculator '(G8)  6.730e-01 __ 4592e-05 613312 '8.656e-10_
¥Tnck|mg Filter ~ i) T 8.513e01 T 2.536e-05  3.595e-25  5.074e-23
 Tertiary Clar. “IL8] T 6.513e-01 2.525e05  2.284e-12  3.274e-10
' !Belt Fiter T To9e) T 3427e01 1.254e-12 6.492e21 _ 9.163e-19
| Belt Filter T (E9) 3.127e-01 1.254e-12 6.492e-21  9.163e-19
o - Emission Summary for ("YMETHANOL
N - % _ lbs/day

TOTAL Air Emissions ~ 6.660e-01 Te400 T
TOTAL Treated/Biodegraded 99.33 114020.19

TOTAL Sludge Discharges 4.440e-18 6.266e-16

TOTAL Effluent Discharges 1.877e-09 2.650e-07

(‘)PROPANOL.N-

Parameter Value Units Reference

. Molecular Weight 60.09 g/mol -1 —_
'Density 8.040e-01 glem3 -1 o
H@25degC 7.440e-04 L gas/L liquid -1 -
log Kow 4913e-01 L oil/L water -1

Kp .1.000e+00 L/mg -1

Aerobic Kb 2.075e-04 Umg.hr -1

Anaerobic Kb -1.000e+00 L/mg.hr -1
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Detailed Emission Summary for (*)yPROPANOL,N-

_Process Name Grid Flow Cl Eff, % Emit Mass Emit
: MGD ug/L % Ibs/day
- Sanitary Influent [L3] 1.000e-01 0.000e+00
élnﬂuent [D4] 1.20 91050.00
 Equalization [F4] 1.20 90586.98 5.085e01 _ 4.64
i Equa!tzauon [G4] 1.20 90291.57 3.244e-01 2,56
‘ Equallzatlon [H4] 1.20 89997.13 3.234e-01 2.95
 Neutralization T TTTTKa) 1.20 89951.25 5.039e-02 4.5950-01
Actlvated Sludge {N4) 1.01 3999.73 1.947e-01 1.78
'Activated Sludge {O4) 1.01 299.84 6.910e-03 6.301e-02
Activated Sludge (P4} 1.01 22.49 3.53%e-04 3.227e-03
Activated Sludge [N5] 1.01 3999.73 1.947e-01 1.78
Activated Sludge (O5] 1.01 299.85 6.911e-03 6.301e-02
Activated Sludge [PS5] 1.01 22.49 3.53%e-04 3.227e-03
i Clarifloceulator [G6] 6.730e-01 21.74 8.488e-05 7.73%e-04
' Trickling Filter (16] 6.513e-01 12.02 9.189e-18 8.379e-17
 Tertiary Ciar. (L6] 6.513e-01 11.91 3.299e-05 3.008e-04
Clariflocculator [G7] 6.731e-01 21.74 8.488e-05 7.740e-04
Aerobic Digester (D8] 6.254e-01 4.144e-01 3.117e-05 2.842e-04
Aeroblc Dlgester "(E8] 6.254e-01 2.721e-02 2.045e-06 1.864e-05
Clarifiocculator [G8]  6.730e-01 21.74 8.488e-05 7.7390-04
Trickling Filter " 18] T 6.513e-01 12.02 9.189e-18 8.37%e-17
Tertiary Clar. (L) 6.513e-01 11.91 3299e-05  3.008e-04
Belt Filter [09] ~ "3.127e-01 __ 2.572e02 _ 7.401e-09  6.748e-08
Belt Filter (E9] 3.127e-01 2.572e-02 7.401e-09 6.748e-08
’ Emission Summary for (*)PROPANOL,N-
. % __|bs/day
TOTAL Air Emissions 1.61 148 T
TOTAL Treated/Biodegraded '98.38 897.01 - ~
TOTAL Sludge Discharges 1.832e-06 1.671e-05
: TOTAL Effluent Discharges 1.371e-02 1.250e-01
()ISOPROPYL ALCOHOL -
‘Parameter Value Units Reference
-Mo!ecular Weight '60.10 a _gln_ml .0
Density 7.900e-01 ___glem3 1 .
H@25degC 7 T TEH40e04 _ Lgasilliqud -1 B
log Kow "~ 5.000e-02 . : ) _L_oulll.. water -1 o
Kp " -1.000e+00 LUmg -1
Aerobic Kb 7.200e-03 Umg.hr -1 )
Anaerobic Kb -1.000e+00 Umg.hr -1
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Exampie ToxChem Model of WWT Emissions

Detailed Emission Summary for (*)ISOPROPYL ALCOHOL

Process Name Grid___ Flow CIER. % Emit Mass Emit
3 MGD ug/L % Ibs/day

Sanitary Influent iL3] 1.000e-01 0.00Ce+00

lnﬂuir!t‘ [D4] 1.20 41290.00

Equalization (F4] 1.20 41098.39 4.641e-01 1.92

. Equalization [G4] 1.20 40976.11 2.961e-01 1.22
Equalization [H4] 120 40854.20 2.953e-01 122

; Neutralization [K4] 120 40835.20 4601e-02 1.903e-01
Activated Sludge {N4] 1.01 56.66 5.069¢-03 2.096e-02
Activated Sludge (04] 1.01 1.323e-01 5,665e-06 2.343e-05
: Activated Sludge [P4] 1.01 3.088e-04 9.119e-09 3.771e-08
! Activated Sludge [NS5] 1.01 56.66 5.069e-03 2.0960-02
 Activated Siudge [085] 1.01 1.323e-01 5665e-06  2.3430-05
' Activated Sludge (P5] 1.01 3.088e-04 9.119e-09 3.771e-08
‘Clariflocculator [G6] 6.730e-01 2.988e-04 2.314e-09 9.570e-09

Trickiing Filter (16] 6.513e-01 1.650e-04 2.296e-22 9.494e-22
. Tertiary Clar, (L] 6.513e-01 1.637e-04 8.807e-10 3.642e-09
‘Clariflocculator G 6.731e-01 2.088e-04 2.314e-09 9.570e-09
| Aerobic Digester (D8} 6.254e-01 1.673e-07 2.304e-11 9.526e-11
Aercbic Digester ~~ [EB]  6.254e-01 _ 3.412e-10 __ 4689e-14 _ 1.939e-13
iCIariﬂoccul‘att_:(‘ o ,,-._[Gﬂ . 6.730e-01 2.988e-04 2.314e-09 9.570e-09
| Trickling Fiter (18] 6.513e-01  1.650e-04 2.296e-22 9.494e-22
TeiaryClar. " "T[L8] T 6.513e-01 1.637e-04 _ 8.807e-10 __ 3.642-09
: Belt Filter (D9] 3.127¢-01 3.225¢-10 1.68%¢-16 6.983e-16
: Belt Filter (E9] 3.127e-01 3.225e-10 1.689e-16 6.983e-16

Emission Summary for (*)ISOPROPYL ALCOHOL
o % Ibs/day

TOTAL Air Emissions .11 460 -

TOTAL Treated/Biodegraded ~~ 98.89 40880

TOTAL Sludge Discharges '5.068e-14 2.095e-13 o

TOTAL EHluent Discharges '4.154e-07 "1.718e-06 ”

10
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To: Roy Iumtiey, Dave Beck, (EPA, OAQPS)
From: Chad Leatherwood, Clint Burklin, (EX.G.)
Date: July 17, 1996

Subject: PM Emission Factor Estimates From Bituminous-Fircd
Spreader-Stoker Boilers With Baghouss Control

The following discussion documents the approach used to estimate particulate matier
(PM) cmission factors from bituminous-fired, spreader-stoker boilers equipped with baghouse
control. Data usced in these calculations were taken from AP-42, results from a set of EPA field

tests canducted at stoker boilers, and the Background Information Document (BID) from the
New Source Performance Standard (NSPS) for PM standard from utility boilers. (Sco attachment

for data summary)

Tots! PM emissions are comprised of both fltecable PM and condensable PM. The
cstimate for a filterable PM emission factor was gcna'l-wd by sveraging the result from seven
bituminous fired, spreader-stoker units operating with baghouse control reported in the NSPS
BID.! Thedata ranged from 0.009 t0 0.04 Io/MMBtu and averaged 0,021b/MMB1u. Data
presented in AP-42 from another source, indicates that 60 perceat Of filtcrable PM in spresder-
stoker units operating with baghouses is PM,o.> Combining the sbove two facta. it is estimated
that a filterable PM;; emission factorfa bituminous fred, spreader-neker hoilerswith baghouse
control weuld be approximately 0.012 b/MMB1w.

Field testing results were used for 1 condensable PM estimate.’ The EPA field testiog
results provide uncontrolled condensable PM data ranging from 0.00710 0.19 {b/MMBtu md
averaging 0.05 Ib/MMBt1. The condensable PMlis expected to be higher than the controlled
levels Of filterable PM and PM, since the baghouse isnot assumed to achieve g significant
amount of condensable PM control.
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Given these assumptions, the total PM,;s emission factor is estimated as the sum of -

filterable PM, and condensable PMis (condensable PM is usually under ] micron in diameter).
The PMjo emission factors for s spreader-stoker opersting with baghousc control are estimazed

as: .
-FikenblePMin  =0012MMBt  (v-afucworof2) — 0.30 /b ftey
-Condenssble PMis  =0.05 [WMMBtu  (+/~ a factor of 4) .27 (bt
~Total PMjo =006 MMBty  (+/- a factor of 4) L.S2 »
*( +/- a factor of 4 gives & range of 25 percent to 400 percent of the estimated value.)

RE

1. Electric Utility Stcam Generating Units: Background Information for Proposed
Particulaic Matter Emission Standards, EPA-450/2-78-006a.

2, Inhalable Particulate Source Category Report For External Combustioa Sources,
EPA Contract No. §3-02-3156, Acurex Corp., Mountain View, CA, January 1985,

3. Field Tests of Industrial Stoker Coal-fired Boilers for Emissions Control and
Efliciency Improvement. EPA-600/7-81-020a,
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ATTACHMENT
PM Emissions From Blluminous Fired Spreader-Wokor Beilers

P T e o L |
. Fillesable Condensabie
PM
0.24-0088
Industrial Stoker Average=0.42 Average=0.05 '
ollers |or Emissions
antrol and
Efficlency Improvermnent
PA 1880
soven units)
BiD for PM from Utllity eH MMBIY 0.008 - 0.04
ollers (EPA 1878) Average=0.02
saven upls

*PM Conlrol: UNC = Uncontrollsd, BH = Baghouss
=Condenssble PM Assumed t0 he Less than 1 Micrometer [N Diameter

/3

oo 87‘%

SJ0P0 US3 WULS:80 95, 8T "I

FE/etd



APPENDIX 2

POTENTIAL IMPACT OF INCREASED VOC EMISSONSFROM MERCK'S
ELKTON, VIRGINIA FACILITY



POTENTI AL IMPACTSOF INCREASED VOC EMISSONSFROM
MERCK S ELKTON, VIRGINIA,FAQ LI TY

Toimprovethe stakeholdersunderstanding the potential impactsof Merck's
proposed Final Project Agreement (FPA) for thisproject XL initiative, SAI was
asked to explore and answer a number of questions relating to the potential risk of
air quality degradation due to volatile organic compound (VOC) increases. The
questions broadly fell into four aress.

Local potential for higher ozonelevels, particularly in the Shenandoah
National Park

. Quantification of theworst case
Impacts of reactivity on ozone potential
Other potential local effectsd increased VOC emissions

Thefollowing analysis presentsour assessment of theseissues.

OzoneFormationin the Vicinity Of Elkton, Virginia

Ozone formation requires VOC and nitrogenoxides (NO,) to photochemicaly
Interact in the presenceof sunlight. Theamount of ozone formed dependson the

ambient concentrationsof VOC and NO, and the amount of ultraviolet radiation
(sunlight) present.

Inrural areas, like Elkton, Virginia, the concentrationsof VOC and NO are not
sufficiently el evated to result in significant ozone formation."** Further, because
of the presence of biogenic VOCs, and therelativelack of significant local NO,
theambient VOC/NO; ratio tendsto be very high. Under these conditionsthe
amount of NOy availableis generally thecontrolling factor in determining how
much ozonewill beformed. Reductionsin the availableNO, will resultin
decreased ozone formation and increased NO, will resultin increased ozone

! National Research Council. 1991. Rethinking the Ozone Problem in Urban and Regional Air Pollution. pp.
98-107. Washington. DC: National Academy Press

*US Environmental Protection Agency. " Air Quality Criteriafor Ozoneand Related Photochemical
Oxidants" Office of Health and Environmental Assessment. ORD, EPA/600/AP-93/004a. May 1996. Table
4-10.

?Lefohn, Allen S. 1994. 'The Characterization of Ozone Exposuresin Rurd West Virginia and Virginia.”
Journal & Air and Waste Management Association 44:1276-1283.



formation!  Since thelimited amount of NO, is the constraining factor in the
formation of ozone, all the presently available VOC is hot being used in the
photochemical formation of ozone. Hence, increasing VOC will not resultin any
additional ozone formation unlessaccompanied by additional NO,. Conversdly, it
takes substantial VOC reductions (eliminating al | the excess VOC) before ozone
levelsarereduced. In rura areas, becauseof the high biogenic contributionto
ambient VOCs thisis usually not possible.

That is not to say that ozoneis not being measuredin the Elkton, Virginia, area
Even the most remote sites measure 20-40 ppb of ozone background
concentrations.’ Further, becauseof itslocationin theeastern U.S, elevated
ozonefrom distant locationsis transported into the Elkton, Virginiaarea. Because
of this, levelsof 50-120 ppb can beexpected.® The readings taken by the National
Par k Service confirm that excursions above background do occur, although no
exceedancesof the 120 ppb ozonestandard have been recorded in recent years.
The patternof the readingsis relatively constant with elevated excursions
occurringintermittently, sometimeslate at night. Thisisconsistent with the
pattern observedin other rural areasaffected by trangport. Sites with significant
local formation tend to havelow readingsat night and in the early morning with
sgnificantly higher levelsin mid-afternoon when the W (sunlight) isat its
highest levels. Conversely, rura areaswhich do not generate significant local
ozone but areimpacted by transport tend to have rdlatively constant ozone levels
with only a nominal diurnal variation and occasiona spikes of elevated ozonedue
to transport.

Worst Case Potential — Impacts of Increased Merck Emissions

For comparison purposes Table 1 documents the tons/day of VOC and NO, at
Merck, in Shenandoah National Park, the anthropogeni cemissionsfrom sources
in the nine-county areawhich encompasses the park (Shenandoah area) and
anthropogenicemissionsin Richmond, Virginia, the nearest urban areawith the
potentia to generate significant ozone. It isevident from these vaues that
Merck's emissionscontribute in only aminor way to thearea's potential to form
ozone.

‘Ref.1.p.186. .
'Ref. 1, pp. 212-214.
' Re. 4.



Even though there appearsto belittle potential that additional VOC emissions
would resultin additional ozoneformation because of the high VOC/NO, ratio
prevalent in the area, we assumed for estimating purposesas aworst case, that the
local chemistry is VOC limited, like that in Richmond. We havelooked at a
number of modeling runs developed for SIP purposesfor Los Angelesand
Richmondandoco  rmed our Richmond, Virginia, findings with the experience of
Virginia DEQ. Figures1and 2illustratethe highest casefound. Theepisodeis
from Los Angelesfor August 27-28,1987, the SIP basdlinecase. It showsthe
Impact of a 20 ton/day reductionin mobiiesourceemissionson peak ozonelevels.
In each case investigated, a 20-tons/day changein urban VOC led to a maximum
changeof approximately a 3-4 ppb (6-8 pg/m?) in pesk ambient ozone. Hencea
1 ng/m?® changein ozoneair quality, alevel referred to as de minimis for criteria
pollutantssuch as ozonein EPA’s permitting guidance, could be generated by an
increasein the VOC emission rateof 25-35 tons/day. Thisis approximately
equal to an annual increase of 900-1250 tons/year, assuming constant operation
and assuming the reactivity mix of theincreased emissonsweresimilar to typical
urban air and the ambient ratiosof VOC/NO, were comparableto Los Angelesor
Richmond. Thergffire, under worst case assumptions, if theMerck facility in
Elkton, Virginia, emitted all thedlowed increaseat Merck's facility under thecap
as VOC'’s at comparablereactivity to motor vehicles, the expected ozoneincrease
would belessthan 1 pg/m?.

Reactivity of Merck Emissions

Table2liststhe relativereactivitiesof severa constituentsin the urban
environment using the Carter Reactivity Scale for Maximum Incremental
Reactivity.” Thisscaleis used by the CaliforniaAir Resources Board to assess
reactivity impactsin California. Thefirst three constituentsare typica biogenic
emissions emitted in forested environments. The middletwo valuesare the
relativereactivitiesof urban air and motor vehicleemissonsand thelast three
valuesare of the VOCs which constitute the predominant share (over 80 percent)
of Merck's present VOC emissions. Asisreadily apparent from the data, biogenic
emissions tend to be quite reactive, withisoprenethree times as reactive as urban
ar. Incontrast, Merck's emissionsare quite unreactive, averaging about afifth as
reactiveas urban air, Based on thisdata, it would requirefive timesthe Merck
"typica mix"" emissionsrate to generate the same ozoneas urban "'typica mix”
emissions. Hence, adjusting for reactivity, to obtain a 1 pg/m’-increase in ozone

¥ Carter, William. FTP Site://CERT.UCR.EDU/PUB/CARTER. file DMSRCT.TXT. updated April 12. 19%.



concentration based on Merck's “typical X" emissionswould require
approximately a 12.5-175 ton/day (4500-6000 tons/yr) increaseindaily VOC
emissions.

It should be noted that there are other reactivity scaleslooking at total ozoneyield
and different urban environmentswhich would yield lower absolute results but
similar relativecomparisons.® Thisanalysislooksat the worst case pesk ozone
formation potential. When one adjustsfor reactivity, assuming ali dlowed
emission changes under the cap are VOC increasesof comparablereactivity to the
existing Merck "'typical mx," maximum possible ozoneincreasesfrom the Merck
facility in Elkton, Virginia, arefar lessthan 1 ppb (i.e., 0.1-0.2 pg/m®). Asnoted
earlier, even thissmall quantity is an overstatement becausein a NOy limited
environment additional VOC will not result in increased ozone.

Other Impactsof VOC Increaseson the Environment

The impacts of individual VOCs on the health and the environment are addressed
by OSHA and EPA MACT standards. The processesinvolved are covered by
EPA planned MACT standardsfor batch processesat pharmaceutical plantsand
Merck has established procedures to comply with these standards as part of the
Project XL permit. EPA does not generically regulate vol atile organi c compounds
under a hydrocarbon gandard—in fact, EPA rescinded its ambient hydrocarbon
standard because of thelack of ademonstrated health basis to regulate? The most
serious potential effects are those attributed to ozoneformation. As discussed
previoudy, the Merck VOC are not a significant factor in local ozoneformation.

! Carter, William P.L. 1994. " Development of Qzene Reactivity Scalesfor Volatile OrganicsCompounds”
Journal d Air and Wasre Managemens Association 44:381-389.
’ Federal Register 48FR628, January 5,1983. EPA revocation of NAAQSfor Hydrocarbons



Table 1
Emission Comparisons

VOC NOx

(tons/day) (tons/day)
Merck 1.12 0.80
Shenandoah Park 25.1 0.62
(Biogenic)
Shenandoah Area 132.6 65.3
(Anthropogenic)
Richmond MSA 242. 6 200. 3

(Anthropogenic)




Table 2
- Carter Reactivity Scale (maximum impact):

a-Pinene | 3.30
b-Pinene 4.40
Isoprene 9.10
Urban Air 2.50-3.00
Auto Exhaust 3.12
Methanol 0.56
Ethyl Acetate 0.31
Isopropyl Acetate 0.87
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All product names appearing in a ype tarm
differsnt from that of the surrounding text are trade-
marks owncd by or licensed by Merck & Co., Inc,
its subsidiaries or affiliates

In accord with a long standing agrecment with an
unrelaed company, B Merch of Germany, the
Company is designated as Merck, Sharp & Dohme in
mosL countries oulside the United States and
Canada

("* t Merck, conducting business in a manner that protects the envi-
] ronmcnr and safeguards the healrh and safety ol employees and the
L public s a top priority Merck's business is ro discover, manufacture

and market products and services that promaote health and well-being.

The fundamental measure of success for Merck is its ability to pre-
serve and improve life. The company accomplishes this goal by sustaining
a strong flow of innovative and successful products through both ariginal
research in its own laboratories and by acquiring research products from
others The spirit of conrinuous improvement that drives Merck’s research
programs is pervasive throughout all 1ts operations, including its environ-
mental, health and safety programs It is in this spirit that we present rhe

fourth progress report on environment, health and safety.

This report is presented in two parts:
® a qualitative section that desctibes policies and practices. This is
intended for multi-year use and will be updated only as needed.
® a quantitative section that provides data required to

monitor our progress We intend to update this insert annually.

As in the 1993 report. the structure and content of this report have
been influenced by the Public Environmental Reporting Initiative
Guidelines It presents a comprehensive and balanced perspective on
Merck's environment, health and safety policies, performances and

practices

If you have questions abour the content of rhis report or would fike

additional copies, please contact Merck at:

Merck & Co , Inc.
PO Box 100, WSIA-20
Whitehouse Station. N] 08889-0100

Tel (908)423-7221
Fax (908) 735-1160



— n the context o its operations, Merck is responsibie for the protectron o
. [ ' the safety and hedlth o its employees, the community and the environ-
‘ ment. This responsibility is among its highest business priorities.
Recognition of safety and environmental responsibility is reflected in the core
values of Merck's Declaration of Strategic Intent, one d which reads:

"We are committed to the highest standards d ethics and integrity.
We are responsible to our customers, to our employees, to the
environments we inhabit, and to the societies we serve around the
world. In discharging our responsibilities, we do not take professional
or ethical shortcuts. Our interactionswith dl segments d society
must reflect the high standards we profess.”

Merck has policies that establish requirements for al divisions and
subsidiaries worldwide in the areas of safety, occupational health, environment

and energy.

ach operating unit is responsible for conducting its business in a manner
E consistent with Merck's environment, health and safety policies. It is each

unit's job to ensure that it operates in full compliance with dl laws and
regulations. Management believes that focused attention and allocation of
funds to occupational safety and environmental protection enhances rather
than detracts from other business objectives.

At Merck, line management accepts ultimate responsibility for safety
and environmental performance. To support line management in this effort,
a central staff of environmental, industrial hygiene and safety professionals
provide planning, technical, regulatory and auditing services. Thisdual account-
ability works effectively to nurture close interaction and a high degree of
cooperation between these groups.

A Corporate Environmental, Safety and Health Advisory Committee
(ESHAC), chaired by the Senior Vice President Merck Manufacturing Division
Science and Technology and composed of executives representing a cross
section of the company, meets regularly to evaluate the company's present
environmental, safety and health practices; establishes policies; and recom-
mends new initiatives which foster continuous improvement in safety and

environmental performance.

Environment,
Health and Safety

GOALS

The following goals
provide guidance to
Merck personnel
worldwide.

Ensure a safe and healthy
workplace.
.

Build and maintain a
high level of safety and
environmental
commitment.

(3
Minimize the release of
chemicals into the
environment.

()

Seek and implement
innovative routes to waste
minimization and
resource conservation.
Develop leadership in
safety
and environmental
performance.



s a health products company, Merck must ensure its operarions do nor compromise the safety and

A health d employees, customers or the public. This requires sound process and facility design to minimize
the potential for accidents or chemical exposure.

The commitment of employees and innovative safety iniciatives are also important parts of the safety

program. More than 200 safety committees, involving 1.500 employees, work to ensure safety in company
facilities around the world.

Process Saf ety Managemnent

The chermicals and operations used in the manufacture of certain pharmaceuticals have the potential
to create hazardous reactions  To mininmuze potential hazards, Merck implemented a state-of-the-art Process
Safety Management program well mn advance of any regulatory requirement

Process Safety management at al of Merck's manufacturing operations focuses on three major areas
technology. facilities and personnel  The Process Safety Management Program ensures that company facilities
are properly designed, gperated and maintained to reduce risk. In recent years, Merck expanded its
program to include all pharmaceutical operations.

To identify and better manage possible risks, Merck developed a Process Safety Laboratory to test dl
processes before they move to production facilities for full-scale operations The lab identifies
potential hazards and defines the consequences of an unwanted event.

Health Monitoring Programs

Merck has a strong commitment to providing a safe and healthy workplace for its employees. Its
occupational health, safety and industrial hygiene professionals work closely to identify potential workplace
effects on employee health. Production and laboratory people who regularly work with designated potentially
harmful substances undergo medical surveillance examinations. These examinations have been performed at
Merck since 1953. The possible effects of low level exposure over a long period of time are evaluated
through periodic air monitoring and through this surveillance monitoring program.



‘Motor Vehicle
- Safety

* Auto accidents are one
o the leadtng causes of
lost-time at Merck as well
as Industry tn general To
reduce the incidence of
dutomobile accidents and
related employee injuries,
 Merck developed a com-
prehensive safe-driving
' 'Tﬁ_is program
~helps reduce accidents

- safe drivers. Employees
“firt complete a classroom
i1 isegrment. Then they
© move behind the wheel,
where: c;éining focuses on
‘callision avoidance, brak-
ing exercises, parking lot
techniques, and preper
backup techniques.
tor g 1B To help sites adminis-
- fer the program, Merck
developed a technical
ide that details safety
igues-and shows

: 'u%embbile purchases,
iAs of 1992, all new cars
" ‘purchased in the United

“States must have anti-

lock brakes and driver-

. side airbags. To ensure
that its vehicles are in top
company cars at 55,000
miles of 36 months.

Environment and Safety Audit Program

Merck safety and environmental professionals conduct
worldwide audits of manufacturing facilities, research |aboratortes
and farms on a regular basis The frequency o these audits
depends on the size and compiexity d the facility as well as
performance in past audits

In addition, sites are responsible for self-assessments
These assessments help the corporate auditors and site personnel
identify 1ssues and outline recommendations to resolve them
before problems arise  The assessments alow Merck to heep a
conststent level o environmental and safety performance
throughout the company

In 1994, a thtrd-party audit was done by Price i
Waterhouse to assess Merck's environmental audit program
They concluded that the company's audit program met manage- 3
ment's expectations and conformed to best practices. Some '

suggestions were made by Price Waterhouse to enhance
the program

Emer gency Response

Merch employees are trained to respond to all types o
on-site emergencies. Each site hasa plan that is tested and
refined through regular drills and training sessions with the aim of
preventing the occurrence or minimizing the adverse effects of
natural disasters or industrial accidents. Regular drills involve
community emergency response teams.

Qualified teams also provide mutual aid to communities
when local emergencies occur, even if they don't involve Merck
facilities or chemicals. This includes helping community
emergency response teams respond to emergencies involving
chemical releases from other facilities or transportation systems.



M ar ket-Based
Opportunity

Recent amendments to the
Clean Air Ad have increased
demands on industry, especially
in the Northeastern United States.
Exceedances o the health based
standard for atmospheric ozone
have led the federal government
to impose strict limits on omis-
sions o nitrogen oxide (NOx),
which contributes to the forma-
tion of ozone. Unless the
Northeast can demonstrate how it
will meet the air quality standard,
sancrions will be imposed, includ-
ing a drastic curtailment of indus-
triai growth.

Federal standards call for the
instailation of controls on all
major sources of nitrogen oxides.
However, for some facilities. con-
trols can be very costly and yield
small actual reductions, while
other facilities can make greater
gains at much iower costs.

Merck is working with govern-
ment, industry and environmental
groups to establish a market-
based trading system for air emis-
sion credits to help the region
meet the necessary standards for
the least cost.

Under a market-based trading
system, facilities that can eco-
nomically reduce their nitrogen
oxide emissions beyond mandat-
ed levels will receive credits and
will be able to sell or trade credits
with other facilities. The region
will be able to meet air quality

——

T

processes are designed, to the use of advanced technology in our man-

hroughout Merck, employees are finding new ways to reduce waste
and conserve resources. From the research lab, where innovative new

ufacturing operations, to expanding recycling and energy efficiency programs,
waste minimization and resource conservation efforts make good environ-
mental sense for the company and its business.

Wage M anagement
At Merck, the
manufacture o life-saving

drugs is the result o chemical

changes that also create waste by- Hecycling

r

products Because waste represents a —A

large investment in raw materials and Energy Recovery

expended supplies, Merck has a vested Treatment/

financial interest, as well as a social responsi- Biéﬁééél
biiity, to reduce its waste wherever and whenever
feasible

Merck's first approach toward waste management is to find better
ways to operate — to produce more products while using fewer raw materials
and generating less waste. Where source reduction is not feasible, the next
choice is recycling, then energy recovery where applicable, and finally, treat-

ment or disposal

SARA Goals

Merck established aggressive environmental goals for those chemicals
listed under section 313 of the Superfund Amendments and Reauthorization
Ad (SARA)df 1986. Using the company's 1987 release levels as a baseline,
Merck made a voluntary commitment to the following reduction goals for al
facilities worldwide:

Reduce air emissions of carcinogens or suspect
carcinogens by 90% by the end of 1991.

Q\‘k‘\‘ . Totally eliminate these air emissions or apply best

available technology by the end of 1993.

This final goal is well on the way to being achieved. The company's success
will he demaonstrated in the data fnr the 1996 renarring vear



Recycling

Merck faciliries around the world have implemented programs to recycle
many rypes o wastes Paper, plastics, metal, concrete, wood. solvents and cafeteria
waste are dl Merck recycling targets. The company has been aggressive in promoring
recyclingas well as the use and purchase o recycled materials. Each Merck site has
its own initiatives.

There is a long-standing practice of solvent recycling in the manufacturing

processes at Merck  Solvents that cannot be recycled for on-site manufacturing opera-

tions are recovered wherever possible  Merck looks for opportunities to sell these as
rav materials to industries that can beneficially re-use them. In some cases, solvents
that cannot be used for other purposes are sent ro cement companies for blending
with other fuel to tire their kilns The solvents are destroyed and, at the same time,
the amount o virgin fuel used by the kilns is reduced.

Ozone Depleting Substances

Merck is working toward removal o dl chlorofluorocarbons (CFCs)and
other ozone-depleting substances (0DS) in its product line. An active CFC reduction
program isin place and will be accomplished by refermulation of processes or
discontinuation of producrs. With the exception of an inhaler product, Merck will
achieve this goal by 1996.

CFCs are primarily used by the company as refrigerants in site operations.
A program has been set up to reduce CFCs. This program includes recycling or re-use
measures, installation of gas absorption units or other CFC-free technology, and use of
non-CFC refrigerants in existing systems. As a result, Merck is well positioned to
reduce dependence on CFCs well ahead o global phaseour targets.

Energy

At Merck's world headquarters in Whitehouse Station, New Jersey the
replacement o incandescent fixtures with new compact fluorescent bulbs realized a
first year savings o 396 kilowatts per hour. The Environmental
Protection Agency gave this site its "Green Lights' sea of
approval, a first among Merck's domestic sites. BA uses its
Green Lights program to encourage consumers to use energy-
efficient lighting, which helps cut the amount o electricity
generating stations need ro produce.

Merck is committed to efficient and responsible use of energy in its global
operations and is pursuing the following initiatives,

¢ Implementing effective energy management programs worldwide.

¢ Considering energy efficiency in the design o manufacturing

processes and facilities.

* Including energy efficiency standards in procurement criteria

e Publicizing Merck's progress in energy conservation,

¢ Educating emplovees on energy conservation at home and on the ioh

Case Studiesin
Wage Minimization

Waste minimization
through the use of innovative tech-
nology has always been away o
business at Merck. in 1963, the
initial full-scale process for the
synthesis of Aldomet. a product for
high blood pressure, produced a
pair of identical chemical twins
known as isomers. One had the
activity to reduce hypertension: the
other was a useless by-product.
Consequently, haf o the isolated
componentswere not beneficial.
By an ingenious combination of
chemistry and engineering, Merck
was able to transform the by-prod-
uct into the useful isomer. Thus
eliminating the waste and improv-
ing the product yield.

A more recent example
was the development of the
imipenem manufacturing process
for the antibiotic Primaxin. The
imipenern chemical process origi-
naly required 18-steps which
would have generated one ton of
waste for every pound of product.
Before manufacturing commenced.
Merck's chemists and engineers
found a way to eliminate one-half
million gallons of toxic waste each
year. Solvent distillationand inter-
na recovery of an acetonefwater
mixture cut annual use o acetone in
the process by 80%. Improvements
in recovery aso helped reduce meth-
ylene chloride use by 82%.

improvements conrinued
even after the start-up of the
Primaxin manufacturing process.
New chemistry was developed that
eliminated the use o methylene
chloride as a solvent in the imipen-
em process. This new chemistry
also significantly reduced biologica
oxidation demand load and
dimethylformamide load to the
waste treatment plant.




tewardship requires taking responsibility for the total life cycie d the materials Merck uses and the products it

manufactures. Stewardship begins in research with the development of a product and its manufacturing

process it conunues With the design and selection d packaging that uses recycled or recyciable materials and
minimizes waste o these materials. Stewardship also includes the responsibility to provide consumers with instruc-
tions for proper use o the product and for disposal o any unused product or residue The company'sgod is to
ensure that it minimizes the impact o its products to the environment throughout the entire product life cycle.

Research

During product development Merck has an opportunity to better understand the active ingredients
and learn early on what will happen during the manufacturing phase. Potential drugs are produced on a small
scalein a pilot plant. It is here that scientists and engineers work together to review what is used in the process
and how it can be madified to address safety and environment concerns. They evaluate al solvents that are
used, what by-products are developed, what wastes are produced and what can be recovered and reused.
The company uses this information to find alternative ways to produce the product in a more efficient and
environmentally sound manner.

Because it is time consuming and costly to change a process once it has been approved by the

United States Food and Drug Administration, it is important for the company to create an environmentally
sound manufacturing process from the start.

Packaging and the Environment

The purpose of packaging isto ensure the integrity of the company's products. Merck's
packaging engineers design packages not only to meet all the requirements of product integrity, but to
incorporate environmental concepts where possible.

Merck has an aggressive packaging reduction program. The mission of the "Packaging and the
Environment" program is to identify and implement projects that will result in an overall reduction o product
packaging weight, therefore reducing the environmental burden of waste generated.

Each Merck site has a team to implement packaging reduction goals. Regiona Steering Committees have
been formed around the world to oversee and drive packaging reduction activitiesat each site within the region.

Take-Back and Aid Progr ans

Pharmacists in the United States and many other countries return expired Human Health Division
products to Merck for disposal. Merck also participates in packaging waste take-back and recycling programs
in avariety of countries.

Merck also has a program to identify and donate short-dated product that would have to be destroyed
if not administered prior to the expiration date. These valuable products are immediately utilized to supple-
ment the Merck Medical Outreach Program which donates lifesaving medicines and vaccines for humanitarian
purposes in developing economies. The company also donates medicines to aid in disasterlemergency relief
efforts throughout the world.



Remediation

Today. practices and regulations for the disposal of chemical waste
are very differenr from those in the past For years. waste was commonly
disposed by burial both by industry and private citizens These practices
gave rise to present-day concerns about soil and water contamination.
Because o Merck's past practice of treating many o its waste streams on-
site, the company believes irs liability lor remediation of waste at off-site
commercial facilities is relatively small. Merck will fulfill its obligation to
share in the clean up o these sites as appropriate, as well as the company's
own sites where required.

The company's waste minimization efforts have further reduced
the need for off-site disposal facilities and will reduce future lighilities.
To prevent Future contamination of company sites, Merck designs facilities
to prevent contamination. In addition, the company moved underground
storage tanks above ground, and rail and tank wagon loading and unloading
stations are upgraded with full-spill containment.

INBio

Merck's commitment to the environment goes well beyond reducing

chemical use. Merck's scientists have long been interested in developing medi-

| nformation Access

Merck's responsihility for company
products does not end when products are
sold to our customers. Merck physicians,
pharmacists, toxicologists, veterinarians,
environmental and safety specialists are
available 24-hours a day, seven days a week,
to provide information on products or refer
callsto other Merck experts.

To strengthen availability
and interaction with its customers, Merck
developed the National Service Center to
help heaithcare professionals obtain
prompt, specific information about Merck
products and services.

Merck also hasa 1-800 number
available to customers, transporters and
emergency responders in case o an acci-
dent or emergency involving any o
Merck's products.

cines from natural products. Some o the company's higgest successes have come from nature. Merck has a long history d
collaborative agreementsto research and preserve natural habitats. Most notable is the current project in Costa Rica.

Through a collaboration with Costa Rica's National Biodiversity Institute (INBio), Merck is funding a search for new
medicines in the country's wildlands. If a compound is found that shows promise, scientists will develop methods to produce it
in the lab, therefore preserving the natural product. Part of the money donated to INBio goes directly to Costa Rica's National
System of Conserved Areas to protect Costa Rica's wildlands. Royaltieswill be paid to INBio for any products developed as a

result of the agreement. These royalties will be used to support conservation efforts in Costa Rica.
The Merck-INBio agreement offers a new paradigm for cooperation between conservationistsand industry. While
working to develop new pharmaceuticals to benefit society, Merck is protecting the precious biodiversity of Costa Rica.

Coa Mine Reclamation

Merck's Danville, Pennsylvania plant is working with the Pennsylvania Department of
Environmental Resources Bureau of Mining to beneficially use bottom ash and fly ash - generated from
the site's coal-burning power plant - to reclaim cual strip-mined areas. Federal and state laws require
strip mine operators to restore mined lands to original contours after they have finished extracting coal.

The area is then revegetated with pine seedlings.

The mine reclamation program is a classic example o the beneficial use of waste material To ensure the environmental integrity
o the reclamation site, the site's managers make sure that the coal ash from Merck and other companies is properly compacted, that
monthly groundwater samples are in compliance with environmental permits, and that there are no erosion or sedimentation problems.
This program presents a win-win situation for Merck and the environment. Merck continues its philosophy of beneficialy



erck believes its commitment to environment, health and safety responsibility reguires it to look beyond the

boundaries of its own facilities and businesses to take a leadership role in the world community. Through a

number of voluntary initiatives - cooperative partnerships among government, industry and communities - we
will ultimately be successful in helping ro ensure a healthy environment for generations ro come.

Responsible Care@
The Chemical Manufacturing Association's Responsible Care® program 1s just one of many industry initiatives
Merck supports. Responsible Care® is built around a set of 10 guiding principles and six codes of
management practices that provide an ethical framework for the operations of CMA member com-
panies. Merck's internal codes of practice must meet or exceed CMA standards Merck couples its
own high standards in these areas with the Responsible Care' codes to ensure that the best safety
programs are in place, not only in the United States, but at dl sites around the world.

ISO 14000

In preparation for the June 1992, United Nations Conference on Environment and Development {UNCED}, a
broad cross-section of industries from around the world met and agreed on the need for an international standard on
environmental management systems. As a result, the International Organization for Standardization (ISO) 1s developing
the 14000 series of Environmental Management Systems.

If different systems were expected in every country, an international corporation could not develop a
single system to manage its worldwide environmental performance. The goal of the ISO is to establish one guideline that
can be applied consistently in all countries. Although still in draft form, a pilot of the [SO Environmental Management
System is already underway at two of Merck's faciliries in the Unired Kingdom.

Community Advisory Panels

Open communication is the basis for trust between Merck sites and their neighbors. Environment, health and
safety information is provided to communities through open houses at plants, employee meetings and training exercises
with local emergency responders

Our Rahway, New Jersey facility established the company's first officid Community Advisory Panel (CAP)in
1994. The panel allows representatives from different areas of the community ro meet with local plant management, on
a regular basis, to discuss issues of mutual interest The CAP is used as a forum for open and honest discussion between
the community and the plant to help build mutual respect and trust.

Following the success of the Rahway plant CAP, other Merck manufacturing plants are in the process of
establishing formal CAPs in their communities.

Championsfor the Environment

In 1994, Merck initiated the Merck Champions for the Environment Award program in the United States and
Puerto Rico The program fosters collaboration between Merck facilities and the communities that surround them.
Merck partnerswith non-profit organizations to develop environmental improvement and awareness projects that include
employee and community involvement. The Merck Company Foundation provides a $2,500 grant to each facility in
support of the program.

Projects range from building nature trails to water testing on local rivers and lakes. Some sites have used their
awards to support ongoing projects in ccmmunity schools.

Trus for Public Land

As one of the company’s environmental
initiatives The Merck Company Foundation made
a $200,000 grant to the New Jersey Chapter of
The Trust for Public Land to identify land/water-
way preservation tor recreation in Hunterdon

Cannty hnme nf Merrk’s rarnarare headnnartere
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At Merck, safety indices serve as a measure of relative performance and provide useful management tools.

The Lost Time Injury and lliness Index 1s a measure of the number and severity of accidents experienced in the workplace.

The Recordable Incidence Rate measures the number of recordable injuries in the workplace. hlerck uses these worldwide

statstics to help safety professionals determine where to concentrate efforts Merck continues to perform better than the

industry averages as reported by the Nauonal Safety Councii's Accident Facts. Many of Merck's sites around the world were

honored in 1994 for distinguished safety programs.
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Merck's 10 year safety performance as measured by Recordable

Incidence Rate Index versus the chemical industry average.

Merck manufacturing
facitities in the United States and
Puerto Rico have reported waste
management data as required by
the Pollution Prevention Act of
1990. The dara includes cn-site
and off-site management of waste
and a summaticn of releases ro
the environment for [993.

Ninery-four percent of
the toxic chemical components of
our wasres are recycled, recovered
or rreated either an-site or at off-
site facilities Only 6 percent s
directly released into the environ-
ment.

In the last 2 5 years
Xlerck reduced solid waste from
packaging by over 2,400 tans. A
program is in place to reduce
another 1.500 tons in 1995
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Releasedto the
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On-Site Energy Recovery

How Merck Manages Waste

Merck's 10 year safety performance as measured by the Lost Time
Injury Index versus the chemical industry average
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On-Site Treatment
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Managed Off-Site

Off-Slte Energy Recovery
6.136
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Disposal
2588

oft-site Recycli
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1993 U.S. Pollution Prevention Data as shown here, reported by Merck U.S. Facilities {million pounds)



Merck’s pollution prevention and emissions reduction
programs aim to control and eliminate releases of chemicals.
The goal is to reduce by 90% worldwide all releases of toxic
chemicals by the end of 1905. This goal applies to all discharges
to air, water or land as well as to materials sent for off-site
treatment and disposal Since 1987, the company achieved
a 69 percent reduction in releases and transfers of these

chemicals.

Merck established Intermediate goals to reduce world-
wide air emissions of known or suspect carcinogens by 90% by
the end of 1991. By the end of 1993. these emissions were to
be eliminated or Best Available Technology was to be applied
where elimination was not feasible. These goals have been

achieved

Worldwide Air Emissions of Known or Suspect Carcinogens
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Merck reduced air emissions of known or suspect carcinogens by
92 percent at the end of 1993. This exceeded the goal of 90 percent.

Worldwide Environmental Releases of SARA Toxics

25

Millions of pounds per year
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Non US Facilities

Goal

Baseling* 1989 1990
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All Merck Facilities

This chart summarizes the toxic chemical release data for U.S. and
non-U.S. Merck facilities, and illustrates the annual progress Merck is
making toward its 1995 goal of 90% reduction.

'‘Baseline year 1987 for U.S. operations adjusted for foreign operations.



In1994, Merck did not have any safety and
environmental penalties to report that exceeded
$25,000. For the previous period 1991-1993, the

In 1994, the company incurred capital expenditures

of approximately $76 2 million for environmental protec-

rion facilities Capital expenditures for this purpose are fore-
casted to exceed $300 million for the years 1995 through
1999 In addition. the company's operating and maintenance
expenditures for pollution control were approximately $64 8
million in 1994 Expenditures for this purpose for the years
1995 through 1999 are forecasted to exceed $180 million.

Merck is a party to a number d proceedings
brought under the Comprehensive Environmental Response.
Compensation and Liability Act. commonly known as
Superfund, as wdl as under other Federal and state statutes.
While it 1s not feasible to predict or determine the outcome of
these proceedings. management does not believe that they
should ultimately result in a materially adverse effect on the
company's financial position, results of operations, liquidity or
capital resources

Expenditures for dl environmental liabilities were
$24 1 million in 1994, and are estimated at $160.0 million
for the years 1995 through 1999. The company has taken
an active role in identifying and providing for costs associ-
ated with the remediation of on-site liabilities, To dare.
costs for on-site remediation total approximately $100 mil-
lion, and are estimated to total an additional $138 million

for the next 5 years

company received the following penalties of
more than $25,000:

Merck paid penalties of $1,042,488 from 1991
through September of 1993 to the New Jersey
Department of Environmental Protection and
Energy for technical waste water permit dis-
charge violations at the Rahway, New Jersey site.
These violations posed no hazard to employees,
the community or the receiving waste water
treatment plant.

In 1992, Merck paid $59,000 in fines to the
Occupational Safety and Health Administration
for an accident that resulted in afatality at the
West Point, Pennsylvania facility.

In 1992, Merck paid $33.500 to the
Environmental Protection Agency, Region II,

for failing to immediately report a discharge of
benzene to the local waste water treatment
plant. The treatment plant was not impacted
by this discharge.

In 1993, Merck's Kelco Division paid $200,000
to the state of California for pH violations of the
site's wastewater discharge permit. These dis-
charges posed no hazard to employees and the
community or the receiving treatment plant.

Capital Expendituresfor Ervironmant and Safety
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Capital expenditures for environment and safety for the years
1990-1994.

The company remediates environmental contamination resulting
from past industrial activity.




About Merck

Merck & Co., Inc. is a leading research-driven pharmaceutical products and
services company. Merck discovers, develops, manufactures and markets a broad
range o innovative products to improve human and animal health. The Merck-Medco
Managed Care Divison manages pharmacy benefits for more than 40 million
Americans, encouraging the appropriate use d medicines and providing disease
management programs. Through these complementary capabilities, Merck works to
improve quality o life and lower overall health-care costs. In addition to delivering
these benefits to society, Merck is committed to providing superior returns for
shareholders and a stimulating work environment for employees.

Over the last several years Merck invested approximately $1 billion in research
and development each year. That represents approximately 10% of dl spending by
pharmaceutical companies in the United States and 5% o spending by the industry
worldwide.

Today, the company is one o the largest providers d prescription medicines
worldwide, with eight major research centers; manufacturing and distribution centers
in 15 countries; and operating centers and affiliates in more than 150 countries.
Corporate headquarters is located in Whitehouse Station, N.J., U.S.A.

1994 Factsin Brief*®

¢ 47,500 employees

» approximately 40% of employees work outside the United States
¢ net income $2,997.0 million

e earnings per share $2.38

* average shares outstanding 1,257.2 million

e sales $15.0 billion

* 32% of sales outside the United States

e annual research spending $1.23 billion

* These figuresinclude a full year'simpact on results of operationsfrom the Medco acquisition.



In 1994, Merck was recognized both nationally and internationally for
Its proactive commitment to environmental and safety excellence.

The 1994 National Safety Award for
Occupational Safety

Presented to the Ballydine, Ireland plant by the
Minister of Labor.

The 1994 Congtruction Industry
Safety Awards

Two awards were presented to Merck by the
Business Roundtable. One for best overall con-
struction safety program to the West Point,
Pennsylvaniasite and one for best individual con-
struction safety program to Merck's Central
Engineering department for its Biotechnology
Technologic Manufacturing Complex project locat-
ed at the West Point site.

The 1994 British Safety Council
Sword of Honor

Presented to the Ponders End, England plant for
the ninth time. Merck is one of only two compa-
nies to receive nine swords.

The 1994 Albert-Thomas Award

The Regional Director of Labor and Employment
presented a "Special Mention of the Jury" to the
MSD-Chibret, France site for dynamic safety
policies.

The 1994 National Safety Council
Award of Merit

Presented to the La Vallee, France; Ballydine,
Ireland; and Ponders End, England plants.

The 1994 President'sOccupational
Safety Award

Presented to the Barceloneta, Puerto Rico plant
by the Puerto Rico Manufacturer's Association.

The 1994 Responsibility Towards the
Environment Award

Presented to the MSD-Mexico site by the SEDESOL,
the Mexican government environmental agency,

in recognition o the environmental management
systems the site has implemented.

The 1994 National Safety Council
Award of Honor

Presented to the Barceloneta, Puerto Rico plant
for achieving three million work hours without a
lost time injury.

The 1994 Pennsylvania Governor's
Wade Minimization Award

Presented to the West Point, Pennsylvania site for
its overall program to reduce and prevent waste.

The 1994 Better Environment Awards
for Industry

The Department of the Environment presented
the Clean Technology Award to the Ballydine,
Ireland plant .

The 1994 Digtinguished Safety
Performance Award

Presented to the Arecibo, Puerto Rico plant by
the Puerto Rico Manufacturer's Association

The 1994 Certificate of Safety
Achievement

Presented to the Wilson, North Carolina plant by
the North Carolina Department of Transportation
for promoting safe working conditions.

The Envirocare 2000 Award

Presented to the Cramlington, England plant by
Northern Electric for energy conservation

The 1994 Recycling Award

Presented to the Barceloneta, Puerto Rico plant by
the Puerto Rico Solid Waste Authority for recycling
initiatives

The 1994 National Safety Belt Award of
Honor

Presented to the Elkton, Virginia plant for
employee education and use of seat belts.
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Menk & Co. Inc.
PQ.Box 7

Elkton VA 22827

Tel 540 208 1211

December 11, 1996 é MERCK

Manufacturing Division

To: Merek Project XL Docket

Re NOx Emission Performance Specifications for New Boilers

A new PSD permit regulating plantwide ar emissionsfrom the Merck & Co., Ine. (Merck) Stonewal| Plant
will bethe primary implementation mechanism for Project XL at thesite. In addition to specifying the way
inwhich future air emissionsfrom the plant will beregulated, the permit will require that Merck purchace
and install two new natural gas fired boilers (equipped to accommodate propane or #2 fuel oil asa backup
fuel) for steam generationto replace the present cod fired boilers. Reduced emissions from the new
boilers will support achievement of the environmental improvement required by Project XL. The new
boilers will emit less SO2, NOx, ¥ O<, lead, HC, and HF than the present coal burning equipment,

The NOx reductions achieved by the project ¢ very important, Sincelocal ozone formation is limited by
theamount of NOx present. After the PSD g<rmiz iSgranted, Merck will enter into a bindingcontract with
an as yet undetermined boil er manufacturer for construction and installation of two new gas-fired package
boilers. Merck iscommittedto purchasingequipment that reducesNOx emissionsby the gr2ai+st extent
consistent with safeand reliable performanceof t he equipment Merck Central Engineering has
determined that a NOx emissionrate of 0.035 /MM BTU can be attained with modem gas fired boilers

using low-NOx bumers.

When a contract issigned for constructionand installation of the new boilers, Merck will specify that the
vendor guarantee that NOx emissionswill not exceed 0.035 ItYMM B N when burning natural ges The
0.035 /MM BTU rate represents better performancethan required by New Source Performance Standards
for [ndustrial-Commaercial-Instirutional Steam Generating Units (NSPS Subpart Db 40 CFR 60.40b e,
seq.). NSPSSubpart Db requires that NOx emissionsnot exceed 0.10 {tvMM BTU Fom new, low heat
releaserate natural gasfired boilers(such as thoseMerek proposestoindal). Attainment of the NOx
performanceguaranteewill be verified by stack test after ingtallationof Be boilers. Installation of low
NOx technology as described above. aong with other provisionsof the PSD permit which provide
incentivesto minimize actual emissions. will bejudged to comprise aternate compliancewith NSPS
Subpart Db for the powerhouseconversion project

Tedd H. Jett, PE

Engineering
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APPENDIX 5 - SHORT-TERM NAAQSMODELING RESULTS
FOR THEMERCK XL PROJECT

Introduction

EPA established thefollowing short-term Nationa Ambient Air Quality Standards(NAAQS) for
S02, PM-10, and CO in 40 CFR Part 50:

Pollutant Averiging N41AO (ug/m3)
_ Period
SO2 3-hour 1,300
SO2 24-hour 365
PM-10 24-hour 150
CcO 1-hour 40,000
CO 8-hour 10,000

Although the Merck Project XL PSD permit establishescapswhich limit futureannua 02 and
PM-10 emissions, assurance was needed that the plant's worst case futureemission rateswould
not causeor contributeto violation of short-term NAAQS. Merck conducted dispersion
modeling of its highest projected short term $O2 and PM-10 emissionsto determinethe plant's
worst case contribution to local NAAQS.

The PSD permit includesan upper annual limit for al criteriapollutant emissionscombined,
however it does not provideaspecific subcap limiting CO emissions. Asfor SO2 and PM-10,
there are aso short-term NAAQS for CO. Using aworst case scenario that assumed the entire
available unused emission cap would consist of CO emissions(a practical impossibility), Merck
modeed itsshort-term CO impact on the surrounding area.

The plant's worst case short-term NAAQS impactsfor al three pollutants were sufficiently low
that, when added to conservative background levels consisting of VADEQ monitoringdatafrom
areaswith worseair quality than Elkton, they were still lower then al applicableshort-term
NAAQS. The modedlingisdescribed in greater detail below. The figuresthat follow the
modeling description are copies of overhead transparenciessummarizing the modeling which
were presented to the Project XL Workgroup in May, 1996.

S02 Modeling

Merck’s 802 emissionsareformed by it's combustion units, which predominantly consist of two
powerhouseboilers, asudgeincinerator, a trash incinerator,and adiesel generator. Word case
hourly SO2 emission rates (post-powerhouse conversion) were determined for each of these
sources based on the maximum design capacity of each piece of equipment and current AP-42
emissionfactors. For the powerhouse bailers, which will be primarily gasfired, worst case 02
emissionswere determined assuming both boilers werefiring their #2 fud oil backup fuel at
their design capacity (1235 MM BTU/hr/boiler).



Dispersion of the SO2 emissionswas modeed usng ATDM (All Terrain Disperson Model)
which combinesEPA's ISCST-2 (Industriad Source Complex, Short-Term) and COMPLEX-1(a
model specifically suited for estimating impactsin complex terrain, as surroundsthe Merck
plant). The modd was used in accordancewith the ste's VADEQ approved general modedling
protocol, acopy of whichiscontained in EPA's site-gpecific rulemakingdocket. Building
downwash effects were modded usng EPA's BPIP (Building Profile Input Program). The
modeling used one year of PSD-quaity meteorological datacollected at the Coors facility, which
isalso located adjacent to Shenandoah National Park near Elkton, Virginia. Three receptor grids
were used inthe modeling: 1) a“property linegrid" which consists of 86 discretereceptors
spaced aong the plant property lineat 50 meter intervas, 2) a"'finegrid* consistingof a3 km
by 3 km grid with 100 meter receptor spacing that extendsat least 1 km on al sidesof the plart,
and; 3) a"coarsegrid" whichis22km by 22 km with 1000 m receptor spacing and extendsat
least 10 km in all directionsfrom the plant.

EPA established both 3 hour and 24 hour SO2 NAAQS, therefore Merck's worst case 3 hour and
24 hour SO2 emission impactswere modeled. Maximum impacts wereassessed on all three
receptor grids. The maximum 3 hour modeled impact was 188 ug/m3, and it occured on the
property linegrid at plant's north property line. The 3 hour SO2 standard is 1300 ug/m3,
thereforeMerck's worst case modeled 3 hour impact is14.5% of the sandard. The 24 hour SO2
standard is365 ug/m3. Merck's maximum modeled 24 hour SO2 impact also occured on the
property line receptor grid north of the plant. The maximum 24 hour impact was 46.3 ug/m3,
which i1s12.7% of the standard.

For thismodeing exercise, VADEQ provided 3 hour and 24 hour 802 background levels of 144
ug/m3 and 100 ug/m3 respectively, based on measurementsobtained in Fairfax County, Virginia
from 199310 1995. When Merck's worst case modeed impactsare added to these conservative
background concentrations, 3 hour and 24 hour impactsare 26% and 40% of the 3 hour and 24
hour SO2 NAAQS respectively, indicatingthat Merck's worst case emissionswould not cause or
contributeto a short-term SO2 NAAQS violation.

PM:10 Modeling

Merck's predominant PM-10 emitting unitsincludeall the combustion units modeled for SO2
impact, and additionally includeasludgedryer. Maximum PM-10 emisson rateswere
determined for each unit using current AP-42 emission factorsand assuming each unit was
running at itsdesign capacity. PM-10 emissionsfrom the sludgedryer were based on the
processregistration data. Asin the 802 modding, worst case assumptionsfor the powerhouse
boilersincluded the burning of #2 fuet oil. The modding was conducted asdescribed above.

EPA establisheda 24 hour short-term PM-10 standard, so the plant's wont case 24 hour average
impact was modeled on each of the three receptor grids. A maximum PM-10 impact of 14.6
ug/m3 occured on thefine receptor grid about 100 meters north of the plant boundary. The 24
hour PM-10 standard established by EPA is150 ug/m3, therefore Merck’s wont case short-term
modeled PM-10 impact would equal 9.7% of the NAAQS.

VADEQ suggested using a conservative 24 hour PM-10 background leve of 56 ug/m3, based on
PM-10 monitoring conducted in Covington, Virginiafrom 1993 to 1995. When Merck's wont
case modeled impact is added to this background concentration, the maximum 24 hour PM-10



impact is47% of theNAAQS, indicating that Merck’s Worst case emissionswould not causk or
contributeto a short-term PM-10 NAAQS violation.

€O Modeling

In order to demonstratethat the short-term CO NAAQSwould not be exceeded asa result of
Project XL, Merck mode ed the impact of a hypothetical CO emission rate of 600 TPY, whichis
approximately equal to the plant's entireanticipated operating margin after completionof the
powerhouse conversion. Realization of such a high CO emisson rate isvirtually impossible,
since growth of the plant under the criteria pollutant emission cap would likely entail increases
of all categoriesof criteriapollutants. Sincethe powerhouseisthe predominant CO emisson
sourceat the plant, the CO emissions were model ed as-if they were being emitted from the
powerhousestack. The model, meteorological data, downwash considerations,and receptor
gridswerethe same asthose used in the $02 and PM-10 modding.

Thereare 1 hour and 8 hour standardsfor CO of 40,000 ug/m3 and 10,000 ug/m3 respectively.
Merck's maximum modeled 1 hour and 8 hour CO impactswere 351 ug/m3 and 97 ug/m3
respectively, therefore Merck's emissionsaonewould accountfor lessthan 1% of the short term
CO NAAQS under theworst case conditionsmodeled. The maximum modded impactsoccured
on the coarse receptor grid at locations gpproximately 2 km southeast and east of the plant.

VADEQ provided conservativel hour and 8 hour CO background levelsof 10,971 ug/m3 and
6333 ug/m3 respectively, based on 1993 to 1995 monitoring dataobtained in Vinton, Virginia
When Merck's worst case modeed impactsare added to these background concentrations, 1
hour and 8 hour maximum modeled impactsare 28% and 64% of the NAAQS respectively,
indicatingthat Merck's worst case emissionswould not causeor contributeto a short-term CO
NAAQSviolation.

FutureConsiderati

The short-term NAAQS modeling summarized above provides reasonablecertainty that the
plant's emissionswill not cause or contributetoany short term NAAQSviolationfor the
pollutantsregulated under the emissionscapsduringthefirst 5 year term of the permit. In
addition, the Project XL PSD permit stipulatesthat, prior to every 5 year review, Merck will
providethe project stakehol derswith information sufficient to determine whether additiona
modelingisnecessary. Such informationwill include current building locations and dimensions,
stack parameters, and actual and worst caseshort-term emission rates. If mgor changeshave
been made at the site that could affect the resultssincethe previous modding, Merck will
perform updated short-term SO2 and PM-10 modeling if requested to do so by EPA or VADEQ.



Short-term NAAQSModeling

Post Powerhouse Conversion
Worst Case Air Modeling
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® Model: ATDM (ISCST-2)

e Pollutants: SO, and PM-10

e MET Data: Coors' '861'87 data

e Downwash: BPIP used

® Emission basis: Equipment capacities
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® Powerhouse boilers (using #2 fuel oil)
® Sludge incinerator

e Sludge dryer
@ Trash incinerator
® Diesel generator
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Source SO, (Ib/hr) | PM-10 (Ib/hr)]

- |Powerhouse 127.17 3.58
Sludge Incinerator 7.17 0.63
Trash Incinerator - 3.5 4.93
Diesel Generator 3.51 0.50
Sludge Dryer 0

1.61 ‘
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Pollutant

Averaging
Period (hr)

——

Impact as a
Percent of
NAAQS Std.

SO,

3

14.5%

SO,

24

12.6%

PM-10

24

9.7%




Stack Characteristics

Source Stack Stack Stack Exit
.Height | Diameter | Temperature | Velocity
(ft) (ff) (F) (ft/sec)
Powerhouse 149 6.00 373 oY
Sludge 57 1.67 1147 124
|ncinerator
Trash 29 3.83 930 41.4
|ncinerator
Died 5 0.67 895 92
Generator (2)
Sludge Dryer | 57 05 140 52
57 0.25 77 1.7
- 27 0.25 77 0.01




O, Modeling Results

Pollutant

Averaging
Period (hr)

NAAQS
Standard
(ug/m’)

Maximum
Modeled
Impact (ug/m3)

SO2

3

1300

188

24

365

46




PM-10 Modeling Results

Pollutant Averaging | NAAQS Maximum
Period (hr) | Standard | Modeled Impact
(ug/m3) (ug/m3)
PM-10 24 150 14.6

|
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SO2 NAAQS MODELING

Stonewall Plant receptors used in the NAAQS
and toxic pdllutant modeling.
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PM-10 NAAQS MODELING

Fipe grid receptors usedin the NAAQSand toxic pollutant modding.
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CO NAAQSModding

Existing DEQ-approved modeling protocol
used

ATDM dispersion model used

Building downwash effects calculated using
BPIP

Oneyear of Coors PSD-quality
meteorological dataused



CO NAAQS Modeling

Assumptions:

— 600 TPY emission rate (assume entire avallable
cap was consumed by CO emissons)

— Emissions modeled as if they came from the
present Powerhouse stack

— Stack parameters same as existing Powerhouse
running flat out




CO Modding Results

NAAQS Maximum
Standard Modeled Impact
(ug/m3) (ug/m3)

1 Hour 40,000 351

8 Hour 10,000 97




CO MopeLing, /796

Figure 2-9, Coarse grid receptors used int he NAAQSmodding.
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