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Introduction to the Agreement
A. Project Signatories

The Project Signatories to this Final Project Agreement (FPA or Agreement) are the International
Business Machines Corporation (IBM), Essex Junction Facility, located in Essex Junction
Vermont, the U.S. Environmental Protection Agency (EPA), and the Vermont Department of
Environmental Conservation (VTDEC). All of those listed are referred to collectively as
“Project Signatories;” the regulatory agencies mentioned above are referred to collectively as
“the Agencies.”

B. Purpose of the XL Program
This FPA states the intentions of the Project Signatories to carry out a pilot project as part of
isan EPA initiative to test the extent to which regulatory flexibility, and other innovative
environmental approaches, can be implemented to achieve both superior environmental
(See 60 FR 27282)
C.

This FPA isajoint statement of the Project Signatories’ plans and intentions with respect to the
IBM Copper Metallization XL Project (IBM XL Project). This FPA outlines the details of how

necessary to implement this project. Specifically, IBM proposes that EPA exempt the copper
metallization process rinsewaters and resultant wastewater treatment sludge from consideration

This FPA sets forth the plans of the Project Signatories and represents the firm commitment of
each Project Signatory to support the XL process, to implement the necessary regulatory

intended to create legal rights or obligations and is not a contract, a final agency action, or a
regulatory action such as a permit or arule.

Project Signatories for any alleged failure to implement its terms, either to compel
implementation or recover damages.

www.epa.gov/projectxl

D. List of Project Contacts
IBM
Jay M. Dietrich
Mail Stop 966A
IBM

Telephone: 802-769-4046

IBM VT XL Project FPA 1 May 2000
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e-mail: jdietric@us.ibm.com

US EPA NEW ENGLAND

John Moska

Office of Assistance and Pollution Prevention (SPP)
One Congress Street (10th floor)

Boston, Massachusetts 02203

Telephone: 617-918-1826

e-mail: moskal.john@epa.gov

STATE OF VERMONT

Vermont Department of Environmental Conservation
Paul Van Hollebeke

103 South Main Street

Waterbury, VT 05671

Telephone: 802-241-3629

e-mail: paulv(@dec.anr. state.vt.us

US EPA HEADQUARTERS
Chad Carbone

1200 Pennsylvania Avenue NW
MC: 1802

Washington, DC 20460
Telephone: 202-260-4296
e-mail: carbone.chad@epa.gov

11. Description of the Project

IBM is proposing that EPA exempt the copper metallization process rinsewaters and resultant
wastewater treatment sludge from consideration as an FO06 waste through a site-specific
rulemaking. Details regarding the proposed exemption and resultant environmental benefits are
described below.

IBM Essex Junction, Vermont, is a semiconductor manufacturing facility located in Chittenden
County near Burlington, Vermont. The facility property encompasses approximately 735 acres
which are divided by the Winooski River and connected by a company-owned bridge. The
manufacturing facility is located on approximately 243 acres which lie west of the Winooski
River in the Town of Essex and the Village of Essex Junction. The remaining 492 acres are
located east of the river in the Town of Williston and contain non-manufacturing buildings.

The facility encompasses 3.6 million square feet of which 627,000 square feet are dedicated to
semiconductor manufacturing operations. There are approximately 7,500 IBM employees and
1,500 contractor employees working at the site. The facility manufactures and tests
semiconductor memory and logic devices through a complex, multi-step manufacturing process.

IBM has recently developed an innovative copper metallization process to create electrical
interconnections between device levels for new semiconductor technol ogies which replaces the

IBM VT XL Project FPA 2 May 2000
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Aluminum Chemical Vapor Deposition process, a dry process, used in previous generation
semiconductor device technologies. EPA currently considers IBM’ s process a traditional
“electroplating” process for purposes of RCRA. Under current regulations promulgated pursuant
to the Resource Conservation and Recovery Act (RCRA), sludges or solids created from the
treatment of wastewaters which include rinsewaters generated from an electroplating process,
carry the FOO6 listing (40 CFR 261.31). IBM’s new process results in the generation of copper
plating rinsewaters which are combined with the other process wastewaters generated at the
facility and treated in a wastewater treatment unit. This treatment, in turn, generates sludge that
is currently managed under RCRA as FO06 waste.

IBM maintains that the FOO6 classification artificially inflates the company’s figures for
hazardous waste generation, fails to provide any additional environmental protection, and
increases paperwork and reporting burdens. The expected volume of rinsewater generated from
the copper metallization process of 2,000 - 3,000 gallons per day by 2002 is mixed with an
additional 4.1 million gallons per day (expected to be S million gallons per day by the end of
2000) of process wastewaters generated at the facility. Thus, by virtue of commingling the
relatively insignificant volume of rinsewater from the copper metallization process with the
much greater volume of other wastewaters, al of the sludge generated by the wastewater
treatment plant is then treated as FOO6 hazardous waste.

This commingling, however, has increased IBM’s reported non-remediation hazardous waste
production by 170% per year, from 2.14 million pounds to 5.78 million pounds (1999 actuals),
and waste management costs by $3,500 per year with little or no environmental benefit. A
segregated waste treatment system that would prevent the mixing of the copper bearing
rinsewater with general influent is currently cost prohibitive. Such a system would require an
initial capital investment of $200,000 - $350,000 and have annual operating costs of $25,000 -
$50,000.

In addition, it appears that the source documents for the FOO6 listing focused on much different
industrial processes than IBM’ s copper metallization process, and perhaps most importantly, the
chemicals used in IBM’s process do not contain any of the contaminants listed in Appendix V1I
of 40 CFR 261 which are the focus of the original FOO06 definition. IBM has also conducted
analyses of the plating bath and rinsewater that do not show the presence of any materials of
concern, including those listed in 40 CFR 261 Appendix VI as the basis for the FO06 listing, that
would cause the resultant sludge to be considered hazardous (See Appendix A for data). The
exemption proposed by IBM as part of this project will not apply, however, to the spent plating
bath which will continue to be drummed and disposed of as required by RCRA regulations, and
which will not be discharged to the IBM wastewater treatment plant.

Project XL offers the opportunity for the Agency to test its belief that this innovative process
should be encouraged as one that is environmentally superior to existing technologies and to
consider the appropriate regulatory status of the wastes from this technology before it is adopted
by similar manufacturing facilities. Further, this XL project offers EPA the opportunity to test a
different approach to re-evaluating whether a specific wastestream is appropriately subject to
regulatory controls as a listed waste.

The existing mechanism for removing a waste from alisting on a site-specific basis is through a
‘delisting” petition under 40 CFR 260.22. However, the delisting approach is not the most

IBM VT XL Project FPA 3 May 2000
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suitable for the situation at the IBM Vermont facility because the scope of the listing itself is at
issue. If IBM submitted a delisting petition, EPA would evaluate the hazardous nature of the
entire wastewater treatment sludge (which is the wastestream that actually carries the FO06
listing) rather than only that portion which is contributed by the copper metallization process.
EPA generally prefers a delisting approach in most circumstances; it is, generaly, a better
approach for determining the hazardous nature of the actual waste material and whether the waste
should be removed from the hazardous waste management program. In this instance, however,
because the Agency wants to test whether IBM’ s copper metallization process should be
included within the scope of the FOO6 listing, the Agency believes an evaluation of the
“production side” of the sequence of operations that results in the wastewater treatment sludge
would be more useful. Specifically, because the wastewater treatment sludge is considered
hazardous due to an “upstream” production unit meeting the narrative description of an
electroplating operation, the Agency believes it is more appropriate to evaluate the upstream
production unit to determine whether the hazardous waste listing on the * downstream”
wastewater treatment sludge is warranted. Therefore, the Agency will focus on the key
parameters on the production side (in this case, the innovative design and operation of the copper
metallization process) to make a determination of the regulatory status of the materials generated
on the waste management side (in this case, the wastewater treatment sludge). This XL project
therefore represents an opportunity for EPA to explore a different approach to determining
whether awaste (in this case, one resulting from an innovative process) should continue to be
subject to a hazardous waste listing. In other words, this approach may be considered another
“tool” for the Agency to usein “fine tuning” the hazardous waste listings so that the narrative
description of alisted waste appropriately delineates between those wastes that pose arisk to
human health and the environment from those wastes (which arguably are generated by very
similar processes) that do not pose such arisk.

In addition, this innovative metallization process is environmentally superior to the old process it
replaces, i.e., the aluminum chemical vapor deposition process. Not only is the metallization
process 30 to 40% more energy efficient than the old process and the chips produced are
approximately 25% more energy efficient, there are also environmental benefits realized by
discontinuing the use of the old process. While the metallization process generates a wastewater
stream (and subsequent sludge from the treatment of that wastewater) that was not inherent to the
aluminum chemical vapor deposition process, the old vapor deposition process entailed a
cleaning step that used perfluorinated compounds (PFCs), which are global warming gases.
Thus, by replacing the old process with the metallization process, 10,000 metric tons of carbon
equivalent (MTCE) of global warming gases will not be emitted to the air. However, it should
be noted that, due to the nature of the materials and components involved in the semiconductor
manufacturing process, vapor deposition of aluminum cannot be completely eliminated from the
production line, nor can the subsequent cleaning steps. However, the number of cleaning steps
requiring the use of PFCs has been significantly reduced. This approach is consistent with other
“Design for Environment” and pollution prevention efforts encouraged by EPA whereby
regulated entities are encouraged to design their processes for minimal environmental impact by
using such methods as product substitution or source reduction. IBM’ s process has been
developed to maximize the efficient use of the copper metal and minimize the release of the
materials into the wastewater system while largely eliminating the use of PFC’s for chamber
cleaning operations necessary in the old aluminum chemical vapor deposition process.

IBM VT XL Project FPA 4 May 2000
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From a public policy standpoint, it would not serve to encourage manufacturers to employ less-
hazardous or more environmentally friendly and innovative production processes and ingredients
in manufacturing operations if the Agency is unwilling to revisit existing hazardous waste
listings to determine if the wastes resulting from such innovative process changes still warrant a
hazardous waste listing. This XL project offers EPA the opportunity to consider proactively the
appropriate regulatory status of the wastewater treatment sludges generated from an innovative
production process before it is widely used and commonplace and may serve as a precedent for
other listed wastestreams. Just asit isimportant to ensure that those wastes that can pose
significant risk to human health and the environment are properly controlled and managed, it is
also important to not needlessly subject wastes that do not pose such risks to the same type of
regulatory oversight.

The successful completion of this XL Project, and the removal of the FOO6 code on the sludge,
will allow IBM to investigate a potential opportunity to recycle the sludge for a beneficial use.
IBM may be able to provide the sludge to a cement kiln as feedstock in its process. IBM has
begun discussions with a cement kiln about using the wastewater treatment sludge as a feedstock
to the cement production process. The sludge characteristics appear to make it amenable for use
in the process. However, because the sludge is categorized as a FO06 waste, the cement kiln will
not consider it for use in its process. Completion of the project would alow IBM to further
investigate the environmental benefits associated with such reuse and pursue discussions with the
cement kiln regarding potential utilization of the IBM sludge. Reutilization of the sludge has
conservatively estimated disposal cost savings of $60,000 per year.

Finally, IBM has asked that EPA recognize the channeling of IBM’s cost savings to supplement
its additional voluntary effort to reduce greenhouse gas emissions through the introduction of an
alternate process chemistry in its chamber cleaning processes to remove silicon dioxide deposits
as asignificant environmental benefit. This applies to continuing operations where silicon oxide
layers are deposited on chips to insulation between chip layers. IBM isinvesting an additional
$2.0 million at its Burlington semiconductor manufacturing facility to significantly cut
greenhouse gas emissions from its chamber cleaning process, which accounts for the majority of
the facility’s overall greenhouse gas emissions. IBM is voluntarily taking this action well ahead
of any regulatory requirements. In addition, IBM is aso a party to a Memorandum of
Understanding negotiated in 1996 between the EPA and 21 other semiconductor manufacturers
under which the parties agreed to study pollution prevention and recycling methodol ogies and
propose the most efficient and cost effective manner by which to reduce mass emissions of
greenhouse gases, IBM’s actions are well ahead of any requirements in the MOU, as well as any
actions taken by other semiconductor manufacturers.

In summary, IBM is seeking a site-specific exemption for its copper metallization process that
will provide for the declassification of the resultant wastewater treatment sludge from the FO06
hazardous waste listing. The conversion to this process results in the minimization of the need to
clean chambers using PFC’s by reducing the aluminum metal layers to one or two, along with
significant energy savings. In addition, IBM has asked that EPA recognize its additional,
voluntary effort to reduce greenhouse gas emissions in its remaining silicon dioxide chamber
cleaning processes as a significant environmental benefit.

[11. How the Project Will Meet the Project XL Acceptance Criteria

IBM VT XL Project FPA 5 May 2000
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A. Environmental Benefits

Several benefits will result directly from the site-specific exemption for the copper metallization
process. These benefits include a reduction in the quantity of waste defined as hazardous
generated by the IBM Burlington facility; the minimization of the use of PFCs, which are
greenhouse gases, used as chamber cleaning compounds in the previous generation aluminum
chemical vapor deposition process, and a decrease in the IBM, State of Vermont, and EPA
administrative requirements due to the elimination of the need to receive export permission and
process United States hazardous waste manifests for the shipment of sludge to the Stablex
facility in Quebec, Canada. It will also rationalize the RCRA FO006 listing process as it applies to
this situation, which will provide for more sensible and accountable regulation a key goal of
Project XL.

Perhaps the most notable benefit to this XL project is that it highlights and promotes a new
process - copper metallization - which has the potential to impact the electronics industry in
profound ways. This new process is approximately 30-40% more energy efficient than the
previous one, minimizes PFC usage for chamber cleans by eliminating all but one or two of the
aluminum vapor deposition steps as described above, and produces a chip that is approximately
25% more energy efficient than its predecessor. If this processis eventually utilized by other
semiconductor facilities, the results of this project may encourage more efficient production
methods with corresponding reductions in waste generation per unit output, as well as other
benefits associated with energy efficiency such as natural resource conservation, air quality
improvements, and decreased impact on climate change.

IBM will also attempt to meet a project goal, defined in Section V.A.2, of further voluntary
greenhouse gas reductions from its other chamber cleaning operations which do not use the
copper metallization process. EPA also recognizes that IBM’s additional efforts to reduce
emissions of greenhouse gases from the chamber cleaning processes for removal of silicon
dioxide and metal deposits as an environmental benefit associated with this project. IBM has
independently developed alternative chamber cleaning processes, one using a reduced flow C,F,
(the primary PFC used for chamber cleaning) and the other using dilute Nitrogen Trifluoride
{(NF,), to clean silicon dioxide and metal coated tooling chambers. IBM expects that these
changes will help reduce the overall global warming gas emissions at the Burlington
manufacturing facility by approximately 40% (normalized to production) in the year 2002 when
measured against the 1995 base year emissions despite significant, real and projected, increases
in manufacturing output between 1995 to 2002. This work is also slated to be done at other IBM
semiconductor manufacturing sites through the year 2002.

B. Cost Savings and Paperwork Reduction

Granting an exemption for the copper metallization process and the resulting declassification of
the wastewater treatment sludges results in reduced costs and administrative burdens to IBM,
EPA and VTDEC. Specificaly:

1. IBM expects to see operational savings of $100,000 to $200,000 per year when the

conversion to the copper metallization process is complete. The sources of these savings include
reduced material costs (e.g., PFCs), and energy savings.

IBM VT XL Project FPA 6 May 2000
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2. IBM currently has an exemption from the VT hazardous waste tax that saves them
approximately $225,000.00 per year. Completion of this project would make those savings
permanent.

3. The exemption will shorten IBM’s annual RCRA report by not requiring information on the
wastewater treatment sludges.

4. 1BM would not be required to tile an annual “Request for Export of Hazardous Waste” to
Canadafor its wastewater treatment sludge. Administrative costs associated with the
preparation of the application and necessary follow-up to assure that the application is being
processed expeditiously would be saved. In addition, EPA will not have to process and track the
Request for Export resulting in some manpower savings to EPA.

5. IBM would not be required to prepare United States hazardous waste manifests for each
shipment of sludge from the wastewater treatment plant. Administrative costs associated with
preparation, tracking and close-out of a RCRA hazardous waste manifest for this sludge would
be eliminated. Estimated costs savings here are approximately $3,500/year. Similar savings
will be accrued by the State of Vermont.

6. IBM has been reviewing options to send its sludge to a cement kiln to serve as afeedstock to
the cement manufacturing process. The sludge has a percentage of active lime which can be used
beneficially in the cement manufacturing process. By using the sludge as a cement feedstock,
the sludge disposal costs will be reduced by a conservative estimate of approximately $60,000.
Use of the sludge as a feedstock to the cement manufacturing process will eliminate the need to
send the material for disposal at a secure disposal facility and put it to beneficial use.

While the cement manufacturer isinterested in using the IBM sludge in its process, they are
unwilling to evaluate the material in detail aslong as the sludge carries an FOO6 listing.
Successful completion of this project XL will allow IBM to pursue the beneficia reuse of the
dudge material.

C. Stakeholder Involvement and Support

IBM has solicited input on this project from a wide range of stakeholders including local and
national environmental groups, neighborhood associations, and industry trade associations. They
have been notified of this project by direct mail, telephone, and notification in the local press.
IBM continues to pursue additional stakeholders and ongoing information is available from the
project contacts listed in Section 1D, as well as EPA’s website.

In addition, IBM has conducted a series of meetings with additional stakeholders who have
agreed to serve as commenters for this project. They have been briefed on the proposal, and are
supportive of the project as described. The State of Vermont also supports the project and isa
Project Signatory to this Agreement. Stakeholder meetings were held at the IBM facility on
February 17 and March 24, 2000.

IBM will also provide future project information to relevant stakeholders as described in Section
V.C, “Project Tracking and Evaluation.”

IBM VT XL Project FPA 7 May 2000



D. Innovation and Pollution Prevention

IBM’s process has been devel oped to maximize the efficient use of the copper metal and
minimize the release of the materials into the wastewater system while largely eliminating the
use of PFC’s for chamber cleaning operations necessary in the old aluminum chemical vapor
deposition process. The copper metallization process is also approximately 30 - 40% more
energy efficient, and produces a chip that is approximately 25% more energy efficient than its
predecessor. [BM’s additional efforts at greenhouse gas reductions are expected to achieve a
40% overall reduction in facility greenhouse gas emissions when normalized to production.

E. Transferability

There are a number of chip manufacturing facilities in the US currently implementing or
evaluating the copper metallization process, and the implementation of this XL Project might
create an incentive for others to use the process. If this were to be the case, the ripple effect of
the environmental benefits associated with numerous other semiconductor manufacturers
switching to this type of process could be quite significant.

F. Feasibility

IBM has the financia capability, personnel, and senior management commitment necessary to
implement the elements of this XL Project.

The Agencies, by signing this FPA, agree to support the project, subject to any public review
procedures necessary to implement the legal mechanism for the Project.

G. Shifting of Risk Burden

This project does not result in atransfer of risk. In fact, adoption of the copper metallization
process removes some environmental risks by largely eliminating the use and subsequent
emissions of PFC’s in the process it replaces, thereby removing an estimated 10,000 MTCE of
greenhouse gas emissions from IBM’s facility. In addition IBM is agreeing to additional
voluntary greenhouse gas reductions of 51,000 MTCE when adjusted for production, using 1995
as a base year, from its silicon dioxide cleaning chambers as a part of this project. Finally, any
risks associated with the process, the treatment of the rinsewaters, and the management of the
dudge are minimal.

V. Requested Flexibility and Implementing M echanisms
A. Requested Flexibility

IBM has proposed that EPA exempt IBM’s wastewater treatment sludge produced from its
copper metallization process for semiconductor manufacture from the FOO6 definition (40 CFR
261.3 1) through a site-specific rulemaking. Through this proposal, IBM seeks to exempt the
manufacturing process -- specifically copper metallization -- rather than delisting the wastewater
treatment sludge, which would normally occur through EPA’s delisting process under 40 CFR
260.22.
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The FO06 RCRA listing states, “Wastewater treatment sludges from electroplating operations
except from the following processes: (1) sulfuric acid anodizing of aluminum; (2) tin plating on
carbon steel; (3) zinc plating (segregated basis) on carbon steel; (4) aluminum or zinc-aluminum
plating on carbon steel; (5) cleaning/stripping associated with tin, zinc, and aluminum plating on
carbon steel; and (6) chemical etching and milling of aluminum” are FOO6 wastes. The reach of
thislisting is further defined by the “ Development Document for Existing Source Pretreatment
Standards for the Electroplating Point Source Category” (August 1979) and documented hotline
and compendium determinations.

The copper metallization process discussed in this FPA is very different than the electroplating
that was performed twenty years ago, when the regulations were initially conceived. This
process does not involve plating baths of thousands of gallons which carry over significant
amounts of plating solutions (dragout) into the rinsewaters, resulting in large amounts of toxic
metals in the wastewater treatment sludges. In contrast, each tool that IBM uses for the copper
metallization process contains one 40 gallon plating bath each and the amount of dragout from
the plating bath is nominal. Estimated dragout from the copper plating bath is approximately 3.5
grams of solution per wafer. The specific gravity of the plating solution is 1.001 and as a result
the volume of plating solution dragout is approximately 3.5 ml. Each wafer is then rinsed with
approximately 0.5 - 0.7 gallons (2,307 ml) of water. Perhaps most importantly, according to
tests conducted by IBM, the chemicals used in IBM’ s process do not contain any of the
contaminants, listed in Appendix VII Part 261 (Basis for Listing Hazardous Waste), which were
the focus of the original FOO6 definition. IBM’s analysis of the plating bath and rinsewaters
from this process are included in Appendix A.

During the five-year life of this XL Project, IBM will submit data as discussed more fully in
Section V of this Agreement, that will determine the appropriateness of the site-specific
exemption, EPA notes that the adoption of an exemption from the FO06 listing in the context of
this XL project does not signal EPA’ s willingness to adopt that exemption as a general matter or
as part of other XL projects. It would be inconsistent with the forward-1ooking nature of these
pilot projects to adopt such innovative approaches prematurely on a widespread basis without
first determining whether or not they are viable in practice and successful in the particular
projects that embody them. Furthermore, as EPA indicated in announcing the XL program, EPA
expects to adopt only alimited number of carefully selected projects. These pilot projects are not
intended to be a means for piecemeal revision of entire programs. Depending on the results
obtained from this project, EPA may or may not be willing to consider adopting this FO06
exemption either generally or for other specific facilities.

Should IBM significantly change the process in any way that should cause the sludge to be
reclassified as FOO6 waste by introducing any materials listed as the basis for the FOO6 listing in
40 CFR 261 Appendix VII, IBM will promptly notify EPA and VTDEC of such a change and the
exemption will be removed.

B. Legal Implementing M echanisms
The legal implementing mechanism for this XL Project will be a site-specific rule which will
provide a site-specific exemption of the wastewater treatment sludge produced from IBM’s

copper metallization process from 40 CFR 261.3 1. The exemption will belisted in 40 CFR
261.4(b) (i.e., “Solid wastes which are not hazardous wastes’). The Agency considered a

IBM VT XL Project FPA 9 May 2000
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modification to the FOO6 listing description in the table in 40 CFR 261,31(a), adding the copper
metallization process at the IBM Vermont facility to the list of plating operations that are not
intended to be subject to the listing. However, because the exemption will have a number of
conditions that the IBM facility must follow to ensure that this XL project is protective of human
health and the environment throughout the term of the project and to provide the information and
data the Agency will use to consider whether the regulatory exemption should be incorporated
into the national program, the Agency prefers placing the exemption language in 40 CFR
261.4(b). Regardless of where EPA chooses to place the exemption language in the regulations
(261.3 I(a) or 261,4(b)), the legal effect of the exemption will be the same. EPA expects that
should the exemption of the copper metallization process from the FOO6 listing be incorporated
into the national program, EPA would then modify the listing description in 40 CFR 261.31(a).

IBM cannot benefit from this exemption until VTDEC promulgates a conforming state site-
specific rule.

V. Discussion of Intentions and Commitments for Implementing the Project
A. IBM’s Intentions and Commitments

1. IBM must support their request for an exemption with all necessary and relevant analytical
data. See Section V.C.

2. Given the complete conversion of the specified chamber cleaning processes to the low flow
C,F, or dilute NF, process, IBM Burlington will attempt to meet a project goal for areduction in
its facility global warming gas emissions of 40% by year end 2002, when adjusted for production
against a 1995 base year. The methodology by which the extent of the reduction will be
demonstrated and documented is included as Appendix B. This methodology is consistent with
that identified in the MOU between the Semiconductor Industry and EPA that was previously
discussed in this FPA. On the greenhouse gas portion of the project, IBM will target having all
of the Novellus and AMAT silicon deposition tools converted to the new low flow C,F, or NF;
process by the end of CY 2003

Tool conversions can be gated by tool availability, as qualification of the NF; chamber cleaning
process can take two to three months during which the chamber cannot be used for production.
As aresult, IBM has set a project goal for overall greenhouse gas emission reductions through a
combination of implementation of the low flow C,F, and NF, chamber clean processes on a
schedule which tits the demands of the fabricator facility. IBM will provide reports on its
emission reductions and chamber conversions as specified in Section V.C. of this FPA.

3. In order to achieve the greenhouse gas emission reductions at the facility, IBM will undertake

‘IBM has approached its global warming gas emission reduction efforts in two phases. The first phase
involved the optimization of the C,F, chamber clean process, which resulted in emission reductions of 40-50% from
the original process. The second phase has been the development of the NF, chamber clean process which achieves
emission reductions of 95- 97%. IBM has had excellent success in qualifying tbe NF, chamber clean process for
silicon oxide deposition on both the AME and Novellus toolsets. Other processes are proving more difficult due to
problems with maintainability of the equipment. In such cases, IBM will work to convert the cleaning process to
the low flow C,F, where it has not aready been done.

IBM VT XL Project FPA 10 May 2000
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an effort to convert its chamber clean processes to the low flow C,F, and NF, processes where
technically and economically feasible. As discussed in (2) above, corresponding greenhouse gas
emissions, using 1995 as a base year, are expected to decrease by 40 % by year end 2002 when
normalized to an expected 36% increase ip production, and decreased by 17.5 % in absolute
terms. 1995 emissions totaled 93,000 MTCE. Accounting for production increases, projected
emissions for 2002 without the low flow C,F, or NF, process conversion would be 128,000
MTCE, and could be 77,000 MMTCE with the conversions completed.

4. 1BM will take periodic samples of the copper plating bath and the copper rinsewater to
demonstrate that they do not contain any concentrations of materials that might otherwise cause
the rinsewater and resultant sludge to be categorized as hazardous, including those that are listed
in 40 CFR 261 Appendix V11 asthe basis for the FOO06 listing. Further, IBM will document its
progress in reducing greenhouse gas emissions through conversion to the copper metallization
process and chamber clean processes discussed above. IBM will provide analytical data on the
plating bath and rinsewaters from the copper metallization process and document progress
towards their greenhouse gas emission reductions in accordance with paragraph C of this section.
In addition, IBM will continue to comply with it existing NPDES permit as it pertains to the
copper loading effluent concentrations.

5. IBM will establish a project goal to explore environmentally sound recycling options for the
ultimate disposition of the wastewater sludge. Among the potential options that IBM has
initially investigated is a contract with a cement kiln for ultimate disposition of the sludge. A
sound recycling option will remove the material from the treatment and disposal process as
hazardous waste and move it up the waste management matrix to a reuse/recycle situation. This
will provide a positive environmental benefit and provide some cost savings to the IBM Essex
Junction Facility.

B. EPA’sand VTDEC’s I ntentions and Commitments

1. EPA intends to propose and issue, subject to applicable procedures and review of public
comments, a site-specific rule amending 40 CFR 261.4(b) that will exempt the wastewater sludge
from IBM’s copper metallization process from 40 CFR Part 261.31.

2. The State of Vermont intends to propose and adopt a site-specific rule that would either
incorporate the Federal IBM XL rule by reference under Section 7-109 of the Vermont
Hazardous Waste Management Regulations, or exempt the wastewater sludge from IBM’s
copper metallization process through a site-specific exemption, contingent on any Federal
standards that are adopted, under Section 7-203 of the Vermont Hazardous Waste M anagement
Regulations.

C. Project Tracking, Reporting and Evaluation

For the copper metallization process, IBM will analyze the plating bath and rinsewaters
generated from the copper metallization process. IBM will continue to handle and dispose of the
spent plating bath in accordance with existing regulations, and acknowledges that the spent
plating bath solutions are not part of this XL Project. As discussed more fully below, IBM will
verify that the plating bath and rinsewaters do not contain any concentrations of materials that
might otherwise cause the rinsewater and resulting sludge to be categorized as hazardous,
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including those that are listed in 40 CFR 261 Appendix VIl as the basis for the FOOG6 listing.

In order for IBM to maintain this exemption, IBM will collect, analyze, and submit data on the
plating bath and rinsewaters for the copper metallization project two times per year. IBM
expects that there will be atotal of between six and ten copper metallization tools operating
through the end of the XL project. These results will be submitted to the EPA, VTDEC, and
published on EPA’s website at www.epa.gov/projectxl for the duration of the project. The
submissions will be by January 15 and July 15 of each year. The analysis will be conducted to
measure for the presence of volatiles, semi-volatiles and metals using the methods specified in 40
CFR 264 Appendix IX.

In addition, since copper is not listed as a constituent of concern in the basis for the FOO06 listing,
but is a parameter specified in IBM’s existing National Pollutant Discharge Elimination System
(NPDES) permit, IBM will continue to monitor copper concentrations in its wastewater effluent
for conformance with this permit. IBM expects that, under full production, the loadings from the
plating and mechanical polishing processes will result in copper effluent concentrations less than
40% of the NPDES permit limit. IBM will seek to keep the copper concentrations below 50% of
its permit limit for the duration of the project recognizing that changes in other process steps,
treatment performance, and other unforseen circumstances may affect IBM’s ability to meet this
objective. In all cases, IBM will operate its wastewater treatment systems to maintain
compliance with the NPDES permit requirements.

For the global warming gas reductions IBM will track C,F, usage and estimate the reduction in
emissions based on the reduction in chemical usage. I1BM will use conversion rates of C,F, in
the clean steps provided by Sematech to estimate emissions from gas usage. Sematech is a
semiconductor manufacturing industry association whose environmental subcommittee
researched the environmental fate of certain greenhouse gases used in the semiconductor industry
and developed the conversion factors used in this project. IBM has estimated that these estimates
will be within plus or minus 10% of the actual performance.

IBM will also use similarly available data for the dilute NF,, the replacement gas for C,F,. IBM
will use the measured conversion rate of NF, in the cleaning process, the quantity of NF, used in
the cleaning process, and the known carbon equivalent potential of the NF, to calculate the
global warming impact of the revised process. Details on the specific methodology are provided
in Appendix B.

IBM will report the following for the greenhouse gas emission reduction portion of this project:

Estimated greenhouse gas emissions reported in Metric Tons of Carbon Equivalent
(MTCE);

Estimated greenhouse gas emission reductions in MTCE, both in terms of total mass
emitted and mass emitted normalized to production;

The number of chambers converted to either the low flow C,F, or NF, process during the
reporting period, and the number of chambers remaining to be converted to achieve the
facility goal for global warming gas emission reductions.

Greenhouse gas emissions will be reported in terms of total mass emitted and mass emitted
normalized to production.
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These reports are to be issued semi-annually on the 15" of January and July, in conjunction with
the plating bath and rinsewater analysis discussed above.

D. Periodic Review by the Project Sigdatories

The Project Signatories will hold periodic performance review conferences to assess their
progress in implementing this Project. No later than thirty (30) days following a periodic
performance review conference, IBM will provide a summary of the minutes of that conference
to al Participating Stakeholders and will also make these minutes available online at
www.epa.gov/projectxl. Any additional stakeholder comments will be reported to EPA and
VTDEC.

E. Duration

This Agreement will remain in effect for 5 years from the date that the final rulemaking (the later
of the EPA or VTDEC rule to be promulgated) becomes effective unlessit is terminated earlier
or extended by all Project Signatories. If the FPA is extended, the comments and input of
stakeholders will be sought and a Federal Register notice will be published. Any Project
Signatory may terminate its participation in this Project at any time in accordance with the
procedures set forth in Section X1 of this FPA.

This exemption, onceit isfinalized, will apply to all the wastewater treatment sludge resulting
from the treatment of the copper metallization rinsewaters at the site, including those sludges that
are in the process of being generated, sludges that result from rinsewaters already in the
wastewater treatment system, and sludges that have been removed from the wastewater treatment
system and are being stored pending off-site transportation. This exemption will remaini n effect
aslong as IBM continues to meet the terms and conditions of therule.

V1. Legal Basis for the Project
A. Authority to Enter Into the Agreement

By signing this Agreement, EPA, the State of Vermont, and IBM acknowledge and agree that
they have the respective authorities, discretion, and resources to enter into this Agreement and to
implement all applicable provisions of this Project, as described in this Agreement.

B. Legal Effect of the Agreement

This Agreement states the intentions of the Project Signatories with respect to IBM’s XL Project.
The Project Signatories have stated their intentions seriously and in good faith, and expect to
carry out their stated intentions.

This Agreement in itself does not create or modify legal rights or obligations, is not a contract or
aregulatory action, such as apermit or arule, and is not legally binding or enforceable against
any Project Signatory. Rather, it expresses the plans and intentions of the Project Signatories
without making those plans and intentions binding requirements. This applies to the provisions
of this Agreement that concern procedural as well as substantive matters. Thus, for example, the
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Agreement establishes procedures that the Project Signatories intend to follow with respect to
dispute resolution and termination (see Sections X and X1). However, while the Project
Signatories fully intend to adhere to these procedures, they are not legally obligated to do so.

EPA intends to propose for public comment the site-specific rule amendment needed to
implement this Project. The rule, or any other legal mechanism necessary to implement this
Project will be effective and enforceable as provided under applicable law.

This Agreement is not a“final agency action” by EPA or VTDEC, because it does not create or
modify legal rights or obligations and is not legally enforceable. This Agreement itself is not
subject to judicial review or enforcement. Nothing any Project Signatory does or does not do
that deviates from a provision of this Agreement, or that is alleged to deviate from a provision of
this Agreement, can serve as the sole basis for any claim for damages, compensation or other
relief against any Project Signatory.

C. Other Laws or Regulations That May Apply

Except as provided in the legal implementing mechanisms for this Project, the Project
Signatories do not intend that this Final Project Agreement will modify any other existing or
future laws or regulations.

D. Retention of Rightsto Other Legal Remedies

Except as expressly provided in the legal implementing mechanisms described in Section 1V,
nothing in this Agreement affects or limits IBM’s, EPA’s, or VTDEC’s legal rights. These
rights include legal, equitable, civil, crimina or administrative claims or other relief regarding
the enforcement of present or future applicable federal and state laws, rules, regulations or
permits with respect to the facility.

Although IBM does not intend to challenge agency actions implementing the Project (including
any rule amendments or adoptions, permit actions, or other action) that are consistent with this
Agreement, IBM reserves any right it may have to appea or otherwise challenge any EPA or
VTDEC action to implement the Project. With regard to the legal implementing mechanisms,
nothing in this Agreement is intended to limit IBM’ s right of administrative or judicial appeal or
review of those legal mechanisms, in accordance with the applicable procedures for such review.

VIl. Unavoidable Delay During Project | mplementation

“Unavoidable delay” (for purposes of this Agreement) means any event beyond the control of
any Project Signatory that causes delays or prevents the implementation of the Project described
in this Agreement, despite the Project Signatories reasonable efforts to put their intentions into
effect. An unavoidable delay can be caused by, for example, chemical supply disruption, process
conversion difficulties, afire, severe weather or acts of war.

When any event occurs that may delay or prevent the implementation of this Project, whether or
not it is avoidable, the Project Signatory who knows about it will immediately provide notice to
the remaining Project Signatories. Within ten (10) days after that initial notice, the Party should
give notice of the event, including appropriate documentation, that includes: 1) the reason for the
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delay; 2) the anticipated duration; 3) all actions taken to prevent or minimize the delay; and 4)
why the delay was considered unavoidable.

If the rest of the Project Signatories agree, that the delay is unavoidable, relevant parts of the
Project schedule will be extended to cover the time period lost due to the delay. If they agree,
the Project Signatories will also document their agreement in a written amendment to this
Agreement. If the Parties do not agree, then they will follow the provisions for Dispute
Resolution outlined in Section X, below.

This section applies only to provisions of this Agreement that are not implemented by legal
implementing mechanisms. Legal mechanisms, such as permit provisions or rules, will be
subject to modification or enforcement as provided under applicable law.

VIIl. Amendments or Modifications to the Agreement

This Project is an experiment designed to test new approaches to environmental protection and
there is a degree of uncertainty regarding the environmental benefits and costs associated with
activities to be undertaken in this Project. Therefore, it may be appropriate to amend this
Agreement at some point during its duration.

This Final Project Agreement may be amended by mutual agreement of all of the Project
Signatories at any time during the duration of the Project. The parties recognize that
amendments to this Agreement may also necessitate modification of legal implementation
mechanisms or may require development of new implementation mechanisms. |If the Agreement
isamended, EPA, VTDEC, and IBM expect to work with stakeholders to identify and pursue any
necessary modifications or additions to the implementation mechanisms in accordance with
applicable procedures. If the Project Signatories agree to make a substantial amendment to this
Agreement, the general public will receive notice of the amendment and be given an opportunity
to participate in the process, as appropriate.

In determining whether to amend the Agreement, the Project Signatories will evaluate whether
the proposed amendment meets Project XL acceptance criteria and any other relevant
considerations agreed on by the Project Signatories. All Project Signatories will meet within
ninety (90) days following submission of any proposed amendment (or within a shorter or longer
period if all parties agree) to discuss evaluation of the proposed amendment. If all Project
Signatories support the proposed amendment, they will, after appropriate stakeholder
involvement, amend the Agreement.

IX. Transfer of Project Benefits and Responsibilitiesto a New Owner

The Project Signatories expect that the implementing mechanisms will allow for a transfer of
IBM’ s benefits and responsibilities under the Project to any future owner or operator upon
request of IBM and the new owner or operator, provided that the following conditions are met:

A. IBM will provide written notice of any such proposed transfer to the EPA and VTDEC at
least ninety (90) days before the effective date of the transfer. The notice is expected to
include identification of the proposed new owner or operator, a description of its financial
and technical capability to assume the obligations associated with the Project, and a
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statement of the new owner or operator’s intention to take over the responsibilitiesin the
XL Project of the existing owner or operator.

B. Within forty-rive (45) days of receipt of the written notice, the Project Signatories expect
that EPA and VTDEC, in consultation with stakeholders, will determine whether: 1) the
new owner or operator has demonstrated adequate capability to meet EPA’s
requirements for carrying out the XL Project; 2) iswilling to take over the responsibilities
in the XL Project of the existing owner or operator; and 3) is otherwise an appropriate
Project XL partner. Other relevant factors, including the new owner or operator’s record
of compliance with Federal, State and local environmental requirements, may be
considered as well.

It will be necessary to modify the Agreement to reflect the new owner and it may aso be
necessary for EPA and VTDEC to amend appropriate rules, permits, or other legal implementing
mechanisms (subject to applicable public notice and comment) to transfer the legal rights and
obligations of IBM under this Project to the proposed new owner or operator.

X. Dispute Resolution

Any dispute which arises under or with respect to this Agreement will be subject to informal
negotiations between the Project Signatories. The period of informal negotiations will not
exceed twenty (20) calendar days from the time the dispute is first documented, unless that
period is extended by a written agreement of the parties to the dispute. The dispute will be
considered documented when one party sends a written Notice of Dispute to the other parties,

If the parties cannot resolve a dispute through informal negotiations, the parties may invoke non-
binding mediation by describing the dispute with a proposal for resolution in a letter to the
Regional Administrator for EPA Region 1. Prior to the issuance of an opinion, the Regional
Administrator may request an additional informal mediation hearing. The Regional
Administrator will serve as the non-binding mediator. If so requested, the Regional
Administrator will issue a written opinion that will be non-binding and does not constitute a final
EPA action. If thiseffort is not successful, the parties still have the option to terminate or
withdraw from the Agreement, as set forth in Section XI below.

X1. Withdrawal From or Termination of the Agreement

A. Expectations

Although this Agreement is not legally binding and any Project Signatory may withdraw from
the Agreement at any time, it is the desire of the Project Signatories that it should remainin
effect through the expected duration of 5 years, and be implemented as fully as possible and it is
not their intent to terminate or withdraw from the FPA unless there is a compelling reason to do
0.

The Project Signatories agree that appropriate points to seek withdrawal from the FPA include
but are not limited to:

L Substantial failure by any Project Signatory to: (a) comply with the provisions of the
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implementing mechanisms for this Project; or (b) act in accordance with the provisions of
this Agreement;

2. Substantial failure of any Project Signatory to disclose material facts during development
of the Agreement;

3. Substantial failure of the XL Project to provide superior environmental performance
consistent with the provisions of this Agreement;

4, Enactment or promulgation of any environmental, health or safety law or regulation after
execution of the Agreement, which renders the Project legally, technically or
economically impracticable; and/or

5. Decision by EPA or VTDEC to reject the transfer of the Project to a new owner or
operator of the facility.

EPA and VTDEC do not intend to withdraw from the Agreement unless actions by IBM
constitute a substantial failure to act consistently with intentions expressed in this Agreement and
its implementing mechanisms.

IBM will be given notice and a reasonable opportunity to remedy any “substantial failure’ before
EPA’s or VTDEC’s withdrawal. If there is a disagreement between the Project Signatories over
whether a* substantial failure” exists, the Project Signatories will use the dispute resolution
mechanism set forth in Section X of this Agreement. EPA and VTDEC retain their discretion to
use existing enforcement authorities, including withdrawal or termination of this Project, as
appropriate. IBM retains any existing rights or abilities to defend itself against any enforcement
actions, in accordance with applicable procedures.

B. Procedures

The Project Signatories agree that the following procedures will be used to withdraw from or
terminate the Project before expiration of the Project term. They also agree that the implementing
mechanism(s) will provide for withdrawal or termination consistent with these procedures.

1 Any Project Signatory that wants to terminate or withdraw from the Project is expected to
provide written notice to the other Project Signatories at least sixty (60) days before the
withdrawal or termination.

2. If requested by any Project Signatory during the sixty (60) day period noted above, the
dispute resolution proceedings described in Section X of this Agreement may be initiated
to resolve any dispute relating to the intended withdrawal or termination. If, following
any dispute resolution or informal discussion, a Project Signatory still desires to
withdraw or terminate from this agreement, that Project Signatory will provide written
notice of final withdrawal or termination to the other Project Signatories.

3. If any agency withdraws or terminates its participation in the Agreement, the remaining

agency will consult with IBM to determine whether the Agreement should be continued
in amodified form, consistent with applicable federal or State law, or whether it should
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be terminated.

4, The procedures described in this Section apply only to the decision to withdraw or
terminate participation in this Agreement. Procedures to be used in modifying or
rescinding any legal implementing mechanisms will be governed by the terms of those
legal mechanisms and applicable law. It may be necessary to invoke the implementing
mechanism’ s provisions that end authorization for the Project (called “sunset provisions’)
in the event of withdrawal or termination.

X11. Compliance After the Project is Over

A. Continuation of Implementing Rule if Project is Successful

Upon completion of the project term, and if the project results indicate that it was a success, as
determined by EPA and VTDEC, the implementing rule will remain in effect aslong IBM
continues to meet its terms and conditions. EPA and VTDEC will intend to allow IBM to
continue operating under the site-specific rule. However, the Administrator may promulgate a
rule to withdraw the exemption at any time in the future, after the initial 5 year period of the
project, if the terms and conditions of the rule are not met or if the exemption becomes
inconsistent with future statutory or regulatory requirements. EPA agrees that it will promulgate
such arule only after consultation with IBM and VTDEC or after any of the Project Signatories
invoke the Dispute Resolution provisions set forth in Section X. If after such consultation, EPA
still decides to withdraw the exemption, IBM agrees that it will not contest this action by EPA.

B. Orderly Return to Compliance

In the event that the project has not been successful, and where IBM has undertaken effortsin
good faith, EPA and VTDEC may decide not to extend the term of the Agreement. In such case,
the Project Signatories must prepare for a return to compliance with the previously applicable
regulations. The Project Signatories intend that there be an orderly return to compliance upon
completion, withdrawal from, or termination of the Project, as follows:

1. Orderly Return to Compliance with Otherwise Applicable Regulations, if the Project
Term is Completed

If, after an evaluation, the Project is terminated because EPA and VTDEC in consultation with
IBM have determined that the project has not been successful, IBM will return to compliance
with all applicable requirements by the end of the Project term, unless the Project is extended
through amendment or modification in accordance with Section V111 of this Agreement. IBM is
expected to anticipate and plan for all activities to return to compliance sufficiently in advance of
the end of the Project term. IBM may request a meeting with EPA and VTDEC to discuss the
timing and nature of any actions that IBM will be required to take. The Project Signatories
should meet within thirty days of receipt of IBM’s written request for such adiscussion. At and
following such a meeting, the Project Signatories should discuss with reason and in good faith,
which of the requirements deferred under this Project will apply after termination of the Project.

2. Orderly Return to Compliance with Otherwise Applicable Regulations in the Event of
Early Withdrawal or Termination
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In the event of awithdrawal or termination not based on the end of the Project term and where
IBM has made efforts in good faith, the Project Signatories will determine an interim compliance
period to provide sufficient time for IBM to return to compliance with any regulations deferred
under the Project. The interim compliance period will extend from the date on which EPA,
VTDEC or IBM provides written notice of final withdrawal or termination of the Project, in
accordance with Section XI of this Agreement. By the end of the interim compliance period,
IBM will comply with the applicable deferred standards set forth in 40 CFR 261.31 and Section
7-210 of the Vermont Hazardous Waste Management Regulations. During the interim
compliance period, EPA and VTDEC may issue an order, permit, or other legally enforceable
mechanism establishing a schedule for IBM to return to compliance with otherwise applicable
regulations as soon as practicable. IBM intends to be in compliance with all applicable Federal,
State, and local requirements as soon as is practicable, as will be set forth in the new schedule.

IBM VT XL Project FPA 19 May 2000



XI111. Effective Date

This FPA is effective on the date it is dated and signed by EPA’s Regional Administrator for

Region 1.

Mindy Lubber, Regional Administrator, Date Signed
US EPA, Region ]

Ira Leighton, Acting Deputy Regional Administrator, Date Signed

US EPA, Region 1

Canute Dalmasse, Commissioner, Date Signed
Vermont Department of Environmental

Conservation

H. J Gepe Date Signed

Senior Location Executive
International Business Machines Corporation
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APPENDIX A
Plating Bath and Rinsewater Analysis
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Plating Bath Analytical Data
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Lab No.: BV000314421 Samplers Initimls: XE
Blank Fila No.: V18409 coc: 3714
CRL
CAE No. COMPOUND ug/L Result Q
83-372.9 Acenaphthena 10.0 u
208-86-8 Acenaphthylesne 10.0 U
h 120-12-7 Anthracene 10.0 v
56-55-3 Banzo (a) anthracehe 10.0 4]
z 50-32-E Benzo (a) pyrana 10.0 U
m 205-99-2 Benzo(b}f lueranthene 10.0 g
191-24-2 Banzo(g,h,i)perylene 10.0 u
z 207-08-9 Panzo (k} fluoranthene 10.0 u
100-51-S Banzyl sicono 20.0 5.13 J
: 111-91-1 bis (2-Chlorcethoxy)methana 10.0 u
111-44-4 bis(2~chlorocathyl)ether 10.0 U
u 108-60-L bie {(2-Chloroinoprepyl)ather 10.0 U
117-a1-7 Pis (2-Ethylhexyl)phthalate 10.0 u
O‘ 101-55-3 4-Bromophenyl -phaenyl et her 10.0 U
n B5-68-7 Butylbenzylphthalate 10.0 u
95-57-e 2-Chlaerophencl 10.0 )
91-58-7 2~Chloronaphthalane 10.0 U
(8] 106-47-s  €-chlorceniline 20.0 U
59-8%0-7 4-Chloro-3-methylphenol 20.0 U
> 7005-72-3 4~Chlorophenyl-phenyl ather 10.0 i)
] 218-01-9 Chrysena 10.0 U
: 53-70-3 Dibenzo (a,h) anthracensa 10.0 u
122-64-9 Dibenzofuran 10.0 u
U 84-74-2 Di-n-butylphthalate 10.0 U
95-50- | l,2-Dichloraobenzane 10.0 44
m 541-73-1 1,3-Dichlerabenzane 10.0 o
< 106-46-7 1,4-bichlorobenzene 10.0 3]
91-94-1 3,3 -Dicdhlsorabenridine 20.0 1+
120-83-zZ 2,4-Dichleorophansl 10.0 U
{ 84-66-Z Diethylphthalate 10.0 U
n 105-67-S 2,4-Dimethylphenol 10.0 U
m 131-11-3 Bimathylphthalate 10.0 4]
: IEM Hudson Vallay Envirommental Laboratory NYBDOH ELAP 110426
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SEMIVOLATILE ORGANICE DATA SHEET page 2 of 3
Name: P. HEWLEIT Report date: 03/24/00
Client Sample ID; ¥FNO128-1 rojeat ID:
Lab Sampla ID: 0002045 Matrix: WATER
Pile Re.: ViBo24
CRL
CAB No. COMPOUND ug/L Result Q
117-94-0 Di-n-octylphthalate 10.0 v
534-52-| 4,6-Dinitro-2-methylphencl 50.0 u
51-28-S 2,4-pDinitrophenocl 50.0 u
121-14-7 2,4-Dinitrotoluene 10.0 u
606-20-z 2,6-Dinitrotolusne 10.0 o
206-44-0 Flucranthene 10.0 u
B6=-73-7 Fluorenea 10.0 8
110-74-1 Hexachlorobenzane 10.0 U
] 87683 Hexachlorebutadiene 10.0 v
77-47-4 Hexachlorocyclopentadiane 10.0 184
z 67-72-1 Hexaaohlorcethane 10.0 u
m 193-39-S Indenoc(l,2,3-cd)pyrena 10.0 u
78-59~-1 Isophorone 10.0 u
z 8L-57~6 2-Mathylnaphthalene 10.0 14
95-d8-~7 2-Mathylphenal 10.0 o
:. 106-44-S ¢-Mathylphenal e 10.0 U
91~-20-3 Naphthalene 10.0 u
(@) 744 2-Nitroaniline 60. 0 v
99- 09- 2 3-Nitroaniline 50.0 v
o 100-01-6 4-Nitroaniline 20.0 o
n 98-95-13 Nitrobenzena 10.0 u
88-75-5 2-Nitrophanol 10.0 u
180-02-7% &-Nitrophancl 10.0 u
m 86-30-S N-Nitresediphenylamine 10.0 U
> 621-64-7 N-Nitroso-di-n-propylamine 10.0 U
87-86-S Pantachlorophenol 50.0 U
L | 85-01-U Phenanthrena 10. 0 u
: 108-95-7 Phenol 10.0 u
129-00-0 Pyrene 10.0 Y
u 120-92-1 1,2,4-Trichlorcbaenzena 10.0 u
m 95- 95- 4 2,4,5-Trichlerophansal 50. 0 u
< 86-06=-2 2,4,6-Trichlorophenol 10.0 o
¢ * coalutes W th 3-Methylphencel
a
Ll
: ITBM Hudson Valley Environnental Laboratory NYSDOH ELAP #10426
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SEMIVOLATILE ORGANICS DATA SHEEY page 3 of 3
Name: P, HEWLETT Report date: 03/24/00
Client Sample ID: FW128-1 Projeot ID:
Lab Sanpl- ID; con2045 Matrix: WATER

File No.: V18024

© O CRL
CASB No, COMPOUND ug/L Rasult Q

EURROGATE REQOVERIES L]

2-Fluorophenosl 61.7
Phanol-d5 49.9
Nitzrocbeanzene-d5 '11.6
2-Fluorokiphenyl 78.8
2,4,6-Tribromophenol 69.9
Terphenyl-dl4 93.6

Q@ = Data Qualifiers:
U = Compound analyzed for but not detected
B = Analyte is found in the amasociated bl ank
Conc = |If "J" jia present, the compound was analyzed for but not

detected (no signal). The wvalue to the laft of the "U"
ie the contract detection |linmt for that ecompound. If
"gr is not present, the valua to the left is the actual
found in the sample in ug/L.

I[f =J" ism present, the cogpound ram detacted at greater

than the mathod detection limit and less than ths
contract detection limit.

Comments:
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IBM Hudson Val | ey Envi r onnent al Laboratory NYSDOH ELAP 110426
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ANALYTICAL RESULTS

Client ;| Patrick Hewlett Phone : (802} 780-4527 Fax : (802) 7604139
Lab ID : 0007.046 coc: 3714 Sample Data:  3/14/00
Cliont Sampile ID: FW0128.2 Received Dats : 3721000
Ssmple Typo: LIQUID Report Date . 372800
Test Method MDL Result Units Analysis  Analyst
(oF 1]
Martcury SWa48 T470a 0.0020 < 0.0020 mg/L Ar24M0 Wiseman
Aluminum SW8a46 6010 1.00 1.38 mgfl. 3724700 Peaton
| ] ATTONY SWB4S6010 0.200 <0200 mah. 3240 Paaton
z Arsenic SWB4E 8010 0.200 0,460 mg/L 724100 Peaton
Bariurm SWE48 RO10 0.600 < 0,600 mgh. 32400 Peaton
m Berylium BWHAS 8010 D000 < 0.0100 mg/L 3724100 Panton
z Boroh SWa4s8 5010 0.600 0.730 mg/L 2400 Peaton
: Caicium SW846 8010 1.00 8.77 maiL 3/24/00  Peston
u Cadmium SWa4s 8010 0.0200 < 0.0200 mg/L 3124100 FPeaten
Chromium SW348 0010 0.0600 0.0700 mg/L A224/00 Pealon
o Coppsr 5We4E 8010 4.000 7840 ma/l. 3/24/00 Paaton
a en SWe4s 6010 0.400 1.020 mgfl. 324100 Peaton
Lead SWB46 6010 0.100 3.710 mg/L i/24/00 Peaton
u‘ Magnesium SWE4S 8010 1.00 cl.00 ma/L 32400  Peatun
> Manganese swa4g 8010 0.100 <0100 mgiL 400 Peston
[ | Menbdenum SWB46 6010 0.100 0.110 ma/L IR400  Peaton
: Nickel SWe4s 8010 0.100 <0,100 mgi 32400 Peston
U Saisnium SWB46 8010 0.200 < 0.200 mgh. 3724M0 Paston
“ Sivar EW848 8010 0.0600 0.4700 mgL 372400 Paatan
Thatlum SWwa4as 8p10 0.200 < 0.200 maft 324,00 Pastan
< Vanadium SWE4S 6010 0.0400 < 0.0400 mg/l 32400 Peaton
€ Zlnc SWB46 6010 0.300 10.5 maf. 3/24/00 Peston
(a8
m Cornmentm :  Review ol sample spectram mdicates that apparent zine concentration 1= due o copper mterference. Ag
m and Sb data is estnaiad. .
=




| B M Corparation ATen:
Dapt 728, Bldg 966-2
Easax Junction, VT 05452
Custmr m FWOlz28.-2
Bample m BVOQQO314420
Callacted: 03/14/00 1115
Analyzmd; 0a/22/00 1318
concentrations
Cona. Q@ Compound
2000.0 ¥ Acatona
200.0 u Benzene
200.0 v Bromodichloromethane
200.0 U Bramoform
2000.0 Y Bromomethane
1000.0 ©w 2-Butanone
2000.0 v n-Butyl Acetate
200.0 U carbon Disulfide
200.0 U Carbon Tetrachloride
200.0 U Chlorobenzena
200.0 U chleoroethane
200.0 U Chloroform
200.0 U Chlaromethana
200.0 U Dpibromechloramathane
200.0 v Dichlorediflusromathana
200.0 v i,2-Dichlorxebanzens
200.0 v 1,3~Dichlorcbanzene
200.0 v 1,4-Dichlourvbenzene
200.0 W 1,l-Dichlorcethane
200,0 U 1,2-Dichlorosthans
200.0 v 1,1-pichloerceathanes
100.0 ¥ gis-~1,2-Dichlorcethene
200.0 v trans-1,2-Dichloroethene
200.0 U 1,2-Dichloropropane
200.0 v eis-1,3-Dichlorcpropene
200.0 @ trans~l,3-Dichlercpropana

-
[ B 430 g LAt a 1L s Do ﬁnl 1 [

coc: 3714

oo W

P, Hewlatt

Blank ID: X9604

[F R )

Vol atil e Organic Compounds phy Method

in wg/L

o

c<¥%G<gaga<aee<g<agqcfacgt

Summary of surrogate Recoveries

Rec (%)

103.1
82.1
104.9

Compound

1,4-Dichlorcbutane
4-Bromoflucrobenzana
1.2-Dichlorohenzena-d4

La/sjo/ul 1200 [ 1 .UZ/048 NU.
Datwe: 03/22/00
Matrix: Water
Batch:
Received: 03/21/00
Lab ID: 0002046
File ID: X9607
Dilutien: 200
8280
Conpound
Et hyl Benzenw
Freon 123A
Freon T¥

2-HexXanone

Isopropyl Alnchel
Methylen= Chleride
Styrune
Tatrachlozeethene
1,1,1,2-Tetrachlorcethana
1,1,2,2-Tetrachloroethans
Tetrahydrofuran

Toluane
1,1,1~Trichlorvethane
1,1,2-Trichlorcethans
Trichlorocethana
Trichlorofluoromethane
4~-Mathyl -2 -Pentanone
Vinyl Acetate

vinyl Chleride
m,p~Xylenes

o-Xylanes

=70
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BENIVOLATILE ORGANICY9 DATA SHEET page 1 of 3
Name: P. HEWLETY Report date: 03/24/00
Client Sample ID: FWO128-2 Projeast | D
Lab Sample ID; 0002046 Matrix: WATER
Date/Time Sampled: 03/14/00 1115 Dilution Facter: 1
mte/Time Received: 03/21/00 1120 pate/Tima Analyzed: 03/23/00 1326
Pate Extractad: 03/21/00

Location: IBM BURLINGTON Met hod: 8270
File No.: V18025 Bateh No. @ 1.8022
Lab No.: BVD0O0314422 Sampleras Initiales: KE
Blank File No.; V18009 coc: 3714
CRL
CAS NO. COMPOUND ug/L Resul t
B3-32-9 Acenaphthene 10,0 4
208-96-E Acenaphthylene 10.0 |4
120-12-7 Anthracene 10.0 o
86-85-3 Benzo{a) anthracenea 10.0 U
50-32-E Renzo (a) pyrene 10.0 u
ll‘ 205-99-2 Banzo (b) fluoranthena 10.0 u
191-24-z Banze (g.h,i)parylena 10.0 u
207-08-9 Banzo (k) fluoranthens 10.0 U
1.00-51-§ Banzyl Alcoheol 20.0 6.57 J
: 111-91-1 bia(2-Chlorovethoxy)methane 10.0 u
111-44-4 bis(2-Chloroethyl) ether 10.0 \%
106- 60-1 bis{2-Chloroisopropyl)ether 10.0 \
117-81-7 bis (2-Ethylhexyl)phthalate 10.0 U
101-55-3 4-Bromophanyl-phenyl et her 10.0 u
a 85-68-7 Butylbenzylphthalate 10.0 u
95-57-B 2=Chlorophanol 10.0 U
91.58-7 2-Chleronaphthalene 10.0 U
106-47-8 4~Chloroaniline 20.0 u
59-50-7 4-Chloro—-3-methylphenol 20.0 u
Ja05-72~3 4-Chlorophenyl ~-phanyl ether 10.0 u
218-01-8 Chryeens 10.0 u
: 53-70~-3 Dibenzo (a, h) anthracene 10.0 4]
132-64~8 Dibenzofuran 10.0 v
84-74-2 Di-n—-butylphthalate 10.0 U
95-50-| 1,Z2-Pichlorobenzane 10.0 T
541-73-1 1,3-Dichlaorobenzena 10.0 u
106-46-7 1, 4-Dichlorchenzene 10.0 U
91-94-1 3,3 -Dichlorobenzidine 20.0 \Y
120-a3-2 2, 4-Dichlerophencl 10.0 u
8d4-66-2 Diethylphthalate 10.0 u
(™ 105679  2,4-Dimmthylphencl 10.0 U
ll‘ 131-11-3 PDimsthylphthalate 10.0 u

IBM Hudson Valley Environnmental Laboratory NYEDOH ELAP #10426
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SEMIVOLATILE ORGANICS DATA SHEET page 2 of 3
Namm: p . HEWLETT Report dats: 03/24/00
Client Sample ID: FWO0128-2 :oject ID:
Lab sample |ID. OCO2046 Matrix: WATER
File No.; W1BO25
CRL
CAS No. COMPOUND ug/L Ragult Q@
117-04-0 Di-n-octylphthalate 10.0 v
534-52-| 4,6-Dinitro-2-mathylphencl 50.0 u
51-28-5 2,4-Dinitrophencl 60.0 u
121-14-7 2,4-pinitrotoluane 10.0 Y,
606~-20~2 2,6-Dinitratoluete 10.0 \
206-44-0 Fluceranthene 10.0 v
B6-73-7 Flucrane 10.0 \%
118-74-1 Hexachlorobenzene 10.0 o
Q1-68-3 Haxachlorobutadiena 10.0 w
77-47-4 Haxachlorocyelopantadiene 10.0 \
67-72-1 Hexachloromthane 10.0 u
103-39-s indeno(l,2,3~cd) pyrene 10.0 g
78~-59-3 Iscphorone 10.0 \%
91-57-6 2-Methylnaphthalene 10.0 u
95-48-7 2-Methylphsnol 10.0 u
1056-44-5 4-Mathylphanol + 10.0 U
91-20-3 Naphthalane 10.0 w
BB-74-4 2-Nitroaniline 50.0 u
S9~-09-2 3~-Nitroaniline 50.0 o
100-Q1-6 4-Nitroaniline 20.0 v
98-95-3 Nitrobenzane 10.0 8}
B8-75-5 2-Ritrophenol 10.0 )
100-02~7 4-Nitrophaenal 50.0 14
B6-30~5 N-Nitrosodiphenylamine 10.0 v
621-64-7 N-~Nitrogo-di-n-propylamine 10.0 U
87-86-5 Pentachlorephenol SO. 0 U
85-01-Q Phenanthrene 10.0 4
108-95-2 Phenol 10. 0 b
120-00-0 Pyrena 10.0 )
120- 82- | 1,2,4-Trichlorobenzane 10.0 W
95954 2.4,5-Trichloraphencl 50.0 w
88-06-Z 2,4,6-Trichlorophenal 10.0 v

* coelutea with 3-Mathylphenol

IEM Hudson Valley Envirarnmental Laboratory

NYSDOH ELAP #10426

n
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SEMIVOLATILE ORGANI C6 DATA SHEET page 3 of 3
Bame: P. HEWLETT Report date: 03/24/00
Client sample |D: FWwol28-2 Projeact ID:
Lab sample |D 0002046 Matrix: WATER

Fila No.: V18025

b B e o rh

CRL
CA5 NO. COMPOUND ug/L Rasult Q

JURROGATE RECOVERIES %

2-Fluorophenol 57.8
Phenol-d45 45_.0
Nitrobenzens~-d5 63.8
2~Fluorocbiphenyl 78.1
2,4,6-Tribromophenol g83.9
Tarphenyl-dl4 84.2

g = Data Qualifiers:
U = Compound ® UuAyned for but not detected
B = Analyte ia found in the sssociated bl ank
Conc =~ |f "U" is present, the compound was analyzed fer but not

detected (no signal). Tha wvalue (0 the left of the "U”
is the contract detection limit for that compound. 1f
"ur im not present, the value to the left is tha actual
found in tha sample |In ug/L.

If "J" is presant, the cumpound was detected at greater

than the method detection |linmt and |ans than the
contract detection limt.

Commants
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IBM Hudscn Valley Environmental Laboratory NISDOH ELAF HO426
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ANALYTI CAL NARRATI VE paga 1 of 2
CLI ENT: IBM Burlington

coc NO 3714

SAMPLES: 0002045 - 0002046

METHOD: 8270

The above referenced sanple was anal yzed on March 23, 2000 inthe
foll owi ng anal ytical batches? wviso22.

The ﬂﬂmmﬂn%quality control met nethod criteria foreach
anal ytical batch

prTPP Key |on Abundance

Initial "Calibration

Continuing Calibration

Extraction Blanks _ _

Matrix Spi ke/Matrix Spi ke Duplicate (per 20 sanples)
Laboratory Fortified Bl ank

Surrogates and internal standards met nmethod criteria £or each

aanmpl o:
Surrcgates internxl Standardpg
Nitrobenzene-d5 1,4-Dichlorobengene-d4
Z—Flucrobﬁfhenyl Acenaphthene-dl0
Ter phenyl - dl 4 Chrysene-dl12
2-Fluorophenol Naphthalene-dB
2,4,6~Tribromophenol Phenanthrene-dl0
Phenol-ds Perylene-~dl2

Conpounds that were detected but not included on the final report
are |listed below:

(pPDb)
Sample ID Tar aet cCompound MDL DL
NONE
Sanple ID atively Jden RT Result Q
Fwol128-1 Banzaldehyde 9.81 5.6 J
Triat hyl ene glycel 18. 21 6.5 J
Benene, [ (2-methoxyethoxy)}methyl] 20.03 156.3 J
Dodecanoic acid 27.32 12.6 J
1,4,7,10,13,16~Hexaoxacyclooctade 40 .25 5.6 J
Henelcosane 45,48 4 .1 g
Octadecane 47.05 5.4 J
Heptacosanea 48.55 27.17 J
Docosane 30.01 16.1 J
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ANALYTICAL NARRATIVE page 2 of 2

CLIENT? IBM Burlington

COC NO: 3714

Bample ID Tentatively Jdentifled RT Result Q

Fwo0128-2 Benzaldehyde 9.81 6.9 J
Benzena, [ (ethoxymethoxy)methyl] 20.09 284.8 J
Doadecancie acid 27.38 21.3 J
Octadec-9-enoic acid 39.39 4.1 J
Nonadecane 48 .56 10.2 J

Q.C. coordinator: T. Lund
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Rinsewater Analytical Data
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ANALYTICAL RESULTS
FOR

International Business Machines (IBM
1000 River Road - Bldg.974
Essex Junction, VT 05452

Nanme of Collector : |BM Essex
ASSI GNED CUSTOMVER SAVPLE SI TE, DATE &
TRANS-ENVIRO # | D MATRI X TI MEOPCOLLECTI ON
990625- 17- A 124A Li quid 6/22/99 11:40
Laboratory Information : Sanple was refrigerated upon receipt
and anal yzed as received.
Rel eased by:
TRANS-ENVIRO ANALYTI CAL SERVI CES, | NC.
Sigedty YLHE ettt %l Sl]ZLW uﬂ/\f\ﬂ/
Mar k Kal meyer usein Sitabkha
Lab Manager President/Lab Director

Page 1 of 18

19701 SOUTH MILES ROAD, WARRENSVILLE HEIGHTS, OHIO 44128
TEL: (246} 663-0808 - FAX: (216) 663-0656



Date : 07/16/99 Date Received : 06/22/99
Date Analyzed : 07/01i/99
Anal ysis For : |BM Essex

TRANS- ENVI RO # : 990625-17-A
Custoner |1.D. : 124A

VOATILE ORGANI CS - APPENDI X | X

PARAVETER pg/L RESULTS pg/L
Acet one 1000 BDL
Acetonitrile 200 BDL
Acrol ein 1000 BDL
Acrylonitrile 500 BDL
Benzene 50 BDL
Br onodi chl or onet hane 50 BDL
h Bromoform 50 BDL
z Br ononet hane 100 BDL
Carbon disulfide 50 BDL
Ll Carbon tetrachl oride 50 BDL
Chl or obenzene 50 BDL
E Chl or oet hane 100 BDL
Chl or odi br ononet hane 50 BDL
: Chl orof orm 50 BDL
U Chl or onet hane 100 BDL
Chl or opr ene ] 100 BDL
o. 3-Chloro-1-propene 50 BDL
(allyl chloride)
n 1,2-Dibromo-3-chloropropane 100 BDL
D br ononet hane 50 BDL
m trans-1,4-Dichloro-2-butene 50 BDL
D chl or odi f| uor onet hane 200 BDL
> 1,2 Dibronoet hane 50 BDL
e 1,1-Dichloroethane 50 BDL
1,2-Dichloroethane 50 BDL
I ci s- 1, 2- Di chl or oet hyl ene 50 BDL
trans-1,2-Dichlorocethylene 50 BDL
U I, 1-Dichl oroet hyl ene 50 BDL
m D chl or onet hane 50 BDL
(Methylene chloride)
q 1,2-Dichloropropane 50 BDL
ci s-1, 3-Di chl or opr opene 50 BDL
¢ trans-1,3-Dichloropropene 50 BDL
A
I.I.I DL = Detection Limt
BDL = Below Detection Limt
g Method : EPA SW 846(8260)

TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD, WARRENSVILLE HEIGHTS. OMIO 44128
TEL: {216) 863-0808 * FAX: (216) 663-0656




Date : 07/16/99 Date Received : 06/22/99
Date Anal yzed : 07/01/99

Anal ysis For : |BM Essex
TRANS- ENVI RO # : 990625-17-A
Custoner |.D. : 124A

VOLATILE ORGANICS - APPENDI X 1 X

PARAVETER DL ug/L RESULTS ug/L

1,4-Dioxane 12000 BDL

Et hyl benzene 50 BDL

Et hyl methacryl ate 50 BDL

2-Hexanone 50 BDL

| odonet hane i 00 BDL
h | sobutyl al cohol 5000 BDL
z Met hacrylonitrile 200 BDL

Met hyl et hyl ketone 500 7,670
Ll Met hyl nethacryl ate 50 BDL

4-Methyl-2-pentanone 500 BDL
E Styrene 50 BDL

Propionitrile 200 BDL
:‘ 1,1,1,2-Tetrachloroethane 50 BDL
u 1,1,2,2-Tetrachloroethane 50 BDL

Tet rachl or oet hyl ene 50 BDL
o. Tol uene 50 BDL

1,1,1-Trichloroethane 50 BDL
n 1,1,2-Trichloroethane 50 BDL

Tri chl or oet hyl ene 50 BDL
m Tri chl or of | uor onet hane 50 BDL

1,2,3-Trichloropropane 50 BDL
> Vinyl acetate 500 BDL
=y Vinyl chloride 100 BDL
: Xyl ene (total) 150 BDL
U SURRCGATE % RECOVERY ACCEPTABLE LIMTS
ﬂ D br onof | uor onet hane 88 86-118 %
q Toluene-d8 91 88-110 %

Br onof | uor obenzene 95 86-115 %
A
I.I.I DL = Detection Limt

BDL = Below Detection Limt
g Met hod : EPA SW 846 (8260)

TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD, WARRENSVILLE HEIGHTS, OHIO 44128
TEL: {2186} 663-0808 « FAX: (216) 663-0C56




Date : 07/16/99 Date Received : 06/22/99
Date Extracted: 07/02/99
Date Analyzed : 07/07/99

Anal ysis For : |IBM Essex

TRANS- ENVI RO # : 990625-17-A

Custoner 1.D. : 124A

BASE/ NEUTRAL ORGANI C COVPOUNDS -~ APPENDI X | X

PARAVETER DL ug/L RESULTS ug/L
Acenapht hene 20 BDL
Acenapht hyl ene 20 BDL
Acet ophenone 20 BDL
2-Acetylaminofluocrene 20 BDL
h 4 -Aminobiphenyl 20 BDL
z Ani li ne 20 BDL
Ant hr acene 20 BDL
Ll Aranite 20 BDL
Benzola]anthracene 20 BDL
Z Benzo [b] fluoranthene 20 BDL
Benzo [k] fluoranthene 20 BDL
:‘ Benzo[g,h,i]perylene 20 BDL
u, Benzo [a]l pyrene 20 BDL
Benzyl al cohol 40 BDL
o Bis (2-chloroethoxy)methane 20 BDL
Bis{2-chlorocethyl)ether 20 BDL
n Bis(2-chloroisopropyl)ether 20 BDL
Bigs(2-ethylhexyl)phthalate 20 BDL
LLJ 4 -Bromophenyl phenyl ether 20 BDL
Butyl benzyl phthal ate 20 BDL
> 4-Chloroaniline 40 BDL
— 4-Chlorobenzilate 20 BDLs
2-Chloronaphthalene 20 BDL
xXIT 4-Chlorophenyl phenyl ether 20 BDL
Chrysene 20 BDL
U’ Diallate 20 BDL
m Dibenz{a,h]anthracene 20 BDL
Di benzof uran 20 BDL
q Di -n-butyl phthal ate 20 BDL
1,2-Dichlorobenzene 20 BDL
ﬂ 1,3-Dichlorchenzene 20 BDL
1,4-Dichlorobenzene 20 BDL
a
(1] DL = Detection Limt
BDL = Bel ow Detection Limt
g Met hod : EPA SW 846 (8270)

TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD. WARRENSVILLE HEIGHTS, QHIO 44128
TEL: {216) 663-0808 + FAX: (216) 663-0656




Dat e : 07/16/99 Date Received : 06/22/99
Date Extracted: 07/02/99
Date Analyzed : 07/07/99

Anal ysis For : |BM Essex
TRANS- ENVI RO # : 990625-17-A
Customer |.D. : 124A
BASE/ NEUTRAL ORGANI C COVPQUNDS - APPENDI X | X

PARANVETER by/L RESULTS ug/L
3,3'-Dichlorobenzidine 40 BDL
Di et hyl phthal ate 20 BDL
D et hoat e 20 BDL
p- (Dimethylamino)azobenzene 20 BDL
7,12-Dimethylbenz[al

ant hr acene 20 BDL
3,3'-Dimethylbenzidine 20 BDL
Dimethyl phthal ate 20 BDL
1,3-Dinitrohenzene 20 BDL
2,4-Dinitrotoluene 20 BDL
2,6-D nitrotol uene 20 BDL
D -n-octyl phthal ate 20 BDL
Di phenyl am ne 20 BDL
Di sul foton 20 BDL
Et hyl nethanesul fonate 20 BDL
Fanmphur 20 BDL
Fl uor ant hene 20 BDL
Fl uor ene 20 BDL
Hexachl or obenzene 20 BDL
Hexachl or obut adi ene 20 BDL
Hexachl or ocycl opent adi ene 100 BDL

DL = Detection Limit
BDL = Below Detection Limt

Met hod : EPA SW 846 (8270)
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TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD, WARRENSVILLE HEIGHTS, OHIO 44128
TEL; (216) 663-0808 * FAX: (216) 663-0656




Date : 07/16/99 Date Received : 06/22/99
Date Extracted: 07/02/99
Date Analyzed : 07/07/99

Anal ysis For : |BM Essex

TRANS- ENVI RO # : 990625-17-A

Custoner |.D. : 124A

BASE/ NEUTRAL ORGANI C COVPOUNDS - APPENDI X | X

PARAMETER DP/L RESULTS pg/L
Hexachl or oet hane 20 BDL
Hexachl or opr opene 20 BDL
Indeno(1,2,3-cd)pyrene 20 BDL
F | sophor one 20 BDL
z | sosafrole (total) 20 BDL
Met hapyri | ene 20 BDL
m 3-Methylcholanthrene 20 BDL
Met hyl et hanesul f onat e 20 BDL
E 2- Met hyl napht hal ene 20 BDL
Napht hal ene 20 BDL
: 1,4-Naphthoquinone 20 BDL
1-Naphthylamine 20 BDL
U 2- Napht hyl am ne 20 BDL
o 2-Nitroaniline 100 BDL
3-Nitroaniline 100 BDL
a 4-Nitroaniline 100 BDL
Ni t robenzene 20 BDL
4-Ni troqui noline |-oxide 20 BDL
m N- Nt rosodi - n- but yl am ne 20 BDL
> N-Ni t r osodi et hyl ami ne 20 BDL
N- N t r osodi phenyl am ne 20 BDL-
- N- Ni t rosodi net hyl am ne
: (as diphenylamine) 20 BDL
N-Ni t rosodi propyl am ne 20 BDL
u N-Ni trosomnet hyl et hyl am ne 20 BDL
u N-Ni t r osonor phol i ne 20 BDL
q N-Ni t rosopi peri di ne 20 BDL
n DL = Detection Limt
m BDL = Bel ow Detection Limt
g Met hod : EPA SW 846 (8270)

TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD, WARRENSVYILLE HEIGHTS, OHIO 44128
TEL: (216} 663-0808 » FAX: (216) 663-0656
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Date : 07/16/99 Date Received : 06/22/9%
Date Extracted: 07/02/9%
Date Analyzed : 07/07/9%

Analysis For : |BM Essex

TRANS-ENVIRO # : 990625-17-A

Customer |.D. : 124A

BASE/NEUTRAL ORGANIC COMPOUNDS - APPENDIX 1IX

PARAMETER i/ L RESULTS ug/L
N-Ni trosopyrrolidine 20 BDL
5-Nitro-o-toluidine 20 BDL
Pent achl or obenzene 20 BDL
Pent achl or oet hane 20 BDL
Pent achl oroni t robenzene 20 BDL
Phenacetin 20 BDL
Phenant hr ene 20 BDL
Phor at e 20 BDL
2-Picoline 20 BDL
Pronamide 20 BDL
Pyrene 20 BDL
Pyri di ne 20 BDL
Safrole (total) 20 BDL
1,2,4,5-Tetrachlorobenzene 20 BDL
Tetraet hyl dithiopyro-

phosphat e 20 BDL
o- Tol ui di ne 20 BDL
1,2,4-Trichlorobenzene 20 BDL
0, 0,0-Triethyl phosphoro-

t hi oat e 20 BDL
1,3,5-Trinitrobenzene 20 BDL
'SURROGATE % RECOVERY ACCEPTABLE LIMITS
Nitrobenzene-ds 63 35-114 %
2-Fluorobiphenyl 122 43-116 %
Terphenyl-di4 72 33-141 %

DL = Detection Limt
BDL = Below Detection Limt

Met hod : EPA SW 846 (8270)

TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD. WARRENSVILLE HE«3HTS, OHIO 44128
TEL: (216) 663-0808 « FAX: (216) 663-0556



Date : 07/16/99 Date Received : 06/22/99
Date Extracted: 07/02/99
Date Anal yzed : 07/07/99

Analysig For : |BM Essex

TRANS- ENVI RO # . 990625-17-A

Zustomer |.D. : 124A

AC D ORGANI C COMPOUNDS - APPENDI X | X

DL = Detection Limt
BDL = Bel ow Detection Limt

Met hod : EPA SW 846 (8270)

TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD. WARRENSVILL E HEIGHTS, OHIO 44128

TEL: (216) 663-0808 » FAX: (216) 663-0686

PARAMVETER DL ug/L RESULTS pg/L
4-Chloro-3-methylphenol 40 BDL
2-Chlorophencl 20 BDL
2-Methylphenol 20 BDL
3 & 4-Methylphenol 40 BDL
F 2, 4- Di chl or ophenol 20 BDL
z 2,6-Dichlorophencl 20 BDL
2, 4- Di net hyl phenol 20 BDL
L 4,6-Dinitro-2-methylphenol 100 BDL
2,4-Dinitrophenol 100 BDL
E Di noseb 20 BDL
Hexachl or ophene 100 BDL
: Met hyl parat hi on 20 BDL
2-Nitrophenol 20 BDL
U 4-Nitrophenol 100 BDL
o Par at hi on 20 BDL
Pent achl or ophenol 100 BDL
n pPhenol 20 BDL
2,3,4,6-Tetrachlorophenol 20 BDL
Thi onazi ne 40 BDL
(1] 2,4,5-Trichlorophenol 20 BDL
> 2,4,6-Trichlorophenol 20 BDL
-
5 SURROGATE % RECOVERY ACCEPTABLE LIMTS
m 2- Fl uor ophenol 59 25-100 %
Phenol - d6 34 11- 94 %
q 2,4,6-Tribromophenol 85 16-123 %
(a8
wl



Date : 07/16/99 Date Received : 06/22/99
Date Extracted: 07/02/9%
Date Analyzed : 07/01/%9

Anal ysis For : |BM Essex
TRANS- ENVI RO # : 990625-17-A

Custoner |.D. : 124n

LI ST OF TEN MOST PROM NENT PEAKS

CAVPOUND CAS NUMBER RESULTS pa/L*

Furan, tetrahydro 109- 99-¢ 405

Undecane 1120-21-4 306

diethyl (3-methyl-2- 104085- 29- 2 207
thienyl)methyle

2-methyl-4-0X0-2- 91969-81-Z 188
vinyl-2,3,4,5,6,7,

1-(2'-hydroxy-5'methyl 103582-37-7 185
phenyl) -1-

Phenol, 4-nitro 100-02-7 153

Benzoi ¢ acid,3,5-dimethyl 25081-39-4 153
- met hyl

2-methyl-3-phenyl-4- 97437-50-E 140
ni troi ndol e

Et hyl trans-2-cis-4- 7328-34-9 139
decadi enoat e

cycl opentene 1-isopropyl-2, 7712-73-4 137
3-dimer

* Al values are estinnates.

(I'n decreasing order of concentration)

DL = Detection Limt
BDL = Bel ow Detection Limt
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Met hod: EPA SW 846 (8260)

TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD, WARRENSVILLE HEIGHTS, OHIO 44128
TEL: {216) 663-0808 « FAX: (216) 663-0C56
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Date : 07/16/99 Date Received : 06/22/99
Date Anal yzed : 06/ 29-

07/ 02/ 99
Anal ysis For : |BM Essex
TRANS- ENVI RO # : 990625-17-A
Customrer |.D. : 124A

METALS - APPENDI X 1 X

ELENENT mqg/L RESULTS mg/L
Al um num 0. 45 BDL
Ant i nony 0. 264 BDL
Arsenic 0. 336 BDL
Bari um 0. 015 BDL
Beryllium 0. 006 BDL
Cadm um 0. 027 BDL
Cal ci um 0. 004 BDL
Chrom um 0. 026 BDL
Cobal t 0.034 BDL
Copper 0.011 32.2
| ron 0. 036 BDL
Lead 0.136 BDL
Magnhesi um 0.011 BDL
Manganese 0.003 BDL
Mercury 0. 0002 BDL
N ckel 0.120 BDL
Pot assi um 0. 05 0.21
Sel eni um 0. 397 BDL
Silver 0. 009 BDL
Sodi um 0. 05 0.116
Thal | i um 0. 740 BDL
Tin 0. 440 BDL
Vanadi um 0. 015 BDL
Zi nc 0. 030 0. 043

DL = Detection Limt
BDL = Bel ow Detection Limt

Met hod : Mercury - EPA SW 846 (7470}
Pot assi um - EPA SW 846 (7610)
Sodi um - EPA SW 846 ({7770)
G her Metals - EPA SW 846 (6010)
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QUALITY CONTROL REPORT
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TRANS-ENVIRO ANALYTICAL SERVICES, INC.

19701 SOUTH MILES ROAD. WARRENSVILLE HEIGHTS, CHIO 44128
TEL: {215) 663-0808 » FAX: (216) 663-0656




METHOD BLANK

VOLATI LE ORGANICS - APPENDI X | X

PARAVETER Dy/L RESULTS ug/L
Acet one 100 BDL
Acetonitrile 20 BDL
Acrol ein 100 BDL
Acrylonitrile 50 BDL
Benzene 5 BDL
Br onodi chl or onet hane '5 BDL

h Bromoform 5 BDL

z Br onorret hane 10 BDL
Carbon disul fide 5 BDL

m Carbon tetrachloride 5 BDL
Chl or obenzene 5 BDL

E Chl or oet hane 10 BDL
Chl or odi br onorret hane 5 BDL

: Chl oroform 5 BDL
Chl or onet hane 10 BDL

U Chl or opr ene 10 BDL

o 3-Chloro-1-propene 5 BDL

(allyl chloride)

a 1,2-Dibromo-3-chloropropane 10 BDL
D br onmonet hane 5 BDL
trans-1,4-Dichlcoro-2-butene 5 BDL

I.I.I D chl or odi f | uor onet hane 20 BDL

> 1,2 D bronoet hane 5 BDL
| ,1-D chl oroet hane 5 BDL

- 1l,2-Dichloroethane 5 BDL

: ci s-1, 2- D chl oroet hyl ene 5 BDL
trans-1, 2- Di chl or oet hyl ene 5 BDL

U' 1,1-Dichloroethylene 5 BDL
D chl or onet hane 5 BDL

ﬂ (Methylene chloride)

q 1,2-Dichloropropane 5 BDL
ci s-1, 3-Di chl or opr opene 5 BDL

¢ trans-1,3-Dichloropropene 5 BDL

a.

Ll DL = Detection Limt
BDL = Below Detection Limt

g Met hod : EPA SW 846 (8260)
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METHOD BLANK

VOLATILE ORGANICS = APPENDIX IX

PARAMETER DL L RESULTS ug/L
1,4-Dioxane 1200 BDL
Et hyl benzene 5 BDL
Et hyl nethacryl ate 5 BDL
2-Hexanone 5 BDL
| odonet hane 10 BDL
| sobutyl al cohol 500 BDL
h Met hacrylonitrile 20 BDL
z Met hyl ethyl Kketone 50 BDL
Met hyl nethacryl ate 5 BDL
Ll 4 -Methyl-2-pentanone 50 BDL
Styrene 5 BDL
E Propionitrile 20 BDL
1,1,1,2-Tetrachloroethane 5 BDL
: 1,1,2,2-Tetrachloroethane 5 BDL
u Tetrachl or oet hyl ene 5 BDL
Tol uene 5 BDL
o. 1,1,1-Trichloroethane 5 BDL
1,1,2-Trichloroethane 5 BDL
n Trichloroethylene 5 BDL
Tri chl or of | uor onet hane 5 BDL
L 1,2,3-Trichloropropane 5 BDL
Vinyl acetate 50 BDL
> Vinyl chloride 10 BDL
(- Xyl ene (total) 15 BDL
E SURROGATE % RECOVERY ACCEPTABLE LIMITS
m Di br onof | uor onet hane 89 86-118 %
Toluene-ds 94 88-110 %
q Br onof | uor obenzene 93 86- 115 %
n DL = Detection Limt
I.I.I BDL = Bel ow Detection Limt
g Met hod : EPA SW 846 (8260}
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METHOD BLANK

BASE/ NEUTRAL ORGANI C COVPOUNDS - APPENDIX IX

PARAMETER DL ug/L RESULTS ug/L
Acenapht hene 10 BDL
Acenapht hyl ene 10 BDL
Acet ophenone 10 BDL
2-Acetylaminofluorene 10 BDL
4 -Anminobiphenyl 10 BDL
Ani line 10 BDL
h Ant hr acene 10 BDL
Aramite 10 BDL
z Benzo [a ant hracene 10 BDL
m Benzo{b] fluoranthene 10 BDL
Benzo[k] fluoranthene 10 BDL
z Benzolg,h,ilperylene 10 BDL
Benzo [a] pyrene 10 BDL
: Benzyl al cohol 20 BDL
Bis (2-chlorcethoxy)methane 10 BDL
u Bis{2-chloroethyl}ether 10 BDL
G Bis (2-chloroisopropyl) ether 10 BDL
Bis(2-ethylhexyl)phthalate 10 BDL
n 4 -Bromophenyl phenyl ether 10 BDL
Butyl benzyl phthal ate 10 BDL
4-Chloroaniline 20 BDL
m 4-Chlorobenzilate 10 BDL
> 2-Chloronaphthalene 10 BDL
4- Chl or ophenyl phenyl ether 10 BDL
| Chrysene 10 BDL
: Diallate 10 BDL
Dibenz [a, h] anthracene 10 BDL
(@) Di benzof ur an 10 BDL
D -n-butyl phthalate 10 BDL
m 1,2-Dichlorobenzene 10 BDL
q 1,3-Dichlorobenzene 10 BDL
1,4-Dichlorobenzene 10 BDL
E DL = Detection Limt o
m BDL = Bel ow Detection Limt
u} Met hod : EPA SW 846 (8270)
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METHOD BLANK

BASE/ NEUTRAL ORGANI C COVPOUNDS - APPENDI X | X

PARAMVETER DL uqgq/L RESULTS ug/L
3,3'-Dichlorobenzidine 20 BDL
Di et hyl phthal ate 10 BDL
Di met hoat e 10 BDL
p- (Dimethylamino)azobenzene 10 BDL
7,12-Dimethylbenz[a]

ant hr acene 10 BDL
3,3'-Dimethylbenzidine 10 BDL
Dimethyl phthal ate 10 BDL
1,3-Dinitrobenzene 10 BDL
2,4-Dinitrotoluene 10 BDL
2,6-Dinitrotoluene 10 BDL
Di -n-octyl phthal ate 10 BDL
Di phenyl am ne 10 BDL
Di sul foton 10 BDL
Et hyl nethanesul fonate 10 BDL
Fanphur 10 BDL
FI uor ant hene 10 BDL
FI uor ene 10 BDL
HAexachlorobenzene 10 BDL
Hexachl dr obut adi ene 10 BDL
Hexachl or ocycl opent adi ene 50 BDL

DL = Detection Limt
BDL = Bel ow Detection Limt

Met hod : EPA SW 846 (8270)
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METHOD BLANK

BASE/ NEUTRAL ORGANI C COMPOUNDS - APPENDI X IX

PARAMETER DL/L RESULTS ua/L
Hexachl or oet hane 10 BDL
Hexachl or opr opene 10 BDL
Indeno(1,2,3-cd)pyrene 10 BDL
| sophor one 10 BDL
| sosafrole (total) 10 BDL
h Met hapyri | ene 10 BDL
3- Met hyl chol ant hr ene 10 BDL
z Met hyl et hanesul f onat e 10 BDL
T 2-Methylnaphthalene 10 BDL
Napht hal ene 10 BDL
E 1, 4-Naphthoquinone 10 BDL
1-Naphthylamine 10 BDL
:. 2-Naphthylamine 10 BDL
2-Nitroaniline 50 BDL
(@) 3-Nitroaniline 50 BDL
o 4-Nitroaniline 50 BDL
Ni t robenzene 10 BDL
n 4-Nitroquinoline | -oxide 10 BDL
N-Ni trosodi - n- but yl am ne 10 BDL
N-Ni t rosodi et hyl am ne 10 BDL
m N- Ni t rosodi phenyl am ne 10 BDL
> N- Ni t rosodi net hyl am ne
(as di phenyl am ne) 10 BDL
- N- Ni t r osodi propyl ami ne 10 BDL
: N-Ni t r osonet hyl et hyl am ne 10 BDL
N- Ni t r osonor phol i ne 10 BDL
U N- Ni t r osopi peri di ne 10 BDL
q DL = Detection Limnit
n- BDL = Bel ow Detection Limt
s Met hod : EPA SW 846 (8270)
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METHOD BLANK

BASE/ NEUTRAL ORGANI C COVPOUNDS - APPENDI X | X

PARAVETER D /L RESULTS us/L
N-Ni trosopyrrolidine 10 BDL
S-Nitro-o-toluidine 10 BDL
Pent achl or obenzene 10 BDL
Pent achl or oet hane 10 BDL
Pent achl oroni t robenzene 10 BDL
h Phenacetin 10 BDL
Phenant hr ene 10 BDL
z Phor at e 10 BDL
m 2-Picoline 10 BDL
Pronani de 10 BDL
z Pyrene 10 BDL
Pyri di ne 10 BDL
:. Safrole (total) 10 BDL
1,2,4,5-Tetrachlorcbenzene 10 BDL
u Tetraethyl dithiopyro-
phosphat e 10 BDL
O‘ o- Tol ui di ne 10 BDL
n 1,2,4-Trichlorobenzene 10 BDL
¢,0,0-Triethyl phosphoro-
t hi oate 10 BDL
J 1,3,5-Trinitrobenzene 10 BDL
—
: SURRCGATE % RECOVERY ACCEPTABLE LIMTS
u N t robenzene-d5 53 35-114 %
m 2-Fluorobiphenyl 96 43-116 %
q Ter phenyl - d14 53 33-141 %
n DL = Detection Limt
w BDL = Bel ow Detection Limt
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METHCD BLANK

ACI D I NDS - APPENDI X | X
PARAMETER DL us/L RESULTS ug/L
4-Chloro-3-methylphenol 20 BDL
2-Chlorophenol 10 BDL
2-Methylphenol 10 BDL
3 & 4-Methylphenol 20 BDL
2, 4-Di chl or ophenol 10 BDL
h 2,6-Dichlorophenol 10 BDL
2,4-Dimethylphenol 10 BDL
z 4,6-Dinitro-2-methylphenol 50 BDL
m 2,4-Dinitrophenol 50 BDL
Di noseb 10 BDL
E Hexachl or ophene 50 BDL
Met hyl parat hi on 10 BDL
: 2-Nitrophenol 10 BDL
4- N trophenol 50 BDL
u Par at hi on 10 BDL
o Pent achl or ophenol 50 BDL
Phenol 10 BDL
n 2,3,4,6-Tetrachlorophenol 10 BDL
Thi onazi ne 20 BDL
2,4,5-Trichlorophenol 10 BDL
m 2,4,6-Trichlorophenol 10 BDL
L
: SURROGATE % RECOVERY ACCEPTABLE LIMTS
U 2-Fluorophenol 49 25-100 %
Phenol - d6 27 11- 94 %
m 2,4, 6-Tribromophenol 72 16-123 %
ﬂ. DL = Detection Limt
Ll BDL = Below Detection Limt
u} Met hod : EPA SW 846 (8270)
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METHOD BLANK

METALS - APPENDI X | X

ELEMENT DL mg/L RESU TS mg/L
Al um num 0. 45 BDL
Ant i nony 0. 264 BDL
Arsenic 0. 336 BDL
Bari um 0. 015 BDL
Beryllium 0. 006 BDL
Cadm um 0. 027 BDL
Cal ci um 0. 004 BDL
Chr om um 0. 026 BDL
Cobal t 0.034 BDL
Copper 0. 011 BDL
lron 0. 036 BDL
Lead 0. 136 BDL
Maghesi um 0.011 BDL
Manganese 0. 003 BDL
Mer cury 0. 0002 BDL
Ni ckel 0.120 BDL
Pot assi um 0. 05 BDL
Sel eni um 0. 397 BDL
Silver 0. 009 BDL
Sodi um 0. 05 BDL
Thal | i um 0. 740 BDL
Tin 0. 440 BDL
Vanadi um 0. 015 BDL
Zi nc 0. 030 BDL

DL = Detection Limt
BDL = Bel ow Detection Limt

Met hod : Mercury - EPA SW846(7470)
Pot assi um - EPA SW 846 (7610)
Sodi um - EPA SW 846 (7770)
O her Metals - EPA SW 846 (6010)
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APPENDIX B
Greenhouse Gas Reduction Methodology for Chamber Cleaning Process Conversions
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IBM, Burlington reserves the right to revise the emissions estimates as global warming
potentials (GWPs) change and as mor e accur ate emission factors are developed.

[. INTRODUCTION

The methodology used for estimating emissions in this report is consistent with the
approach taken by IBM for reporting PFC emissions pursuant to a 1996 Memorandum of
Understanding between USEPA and IBM’s Microelectronics Division on voluntary PFC
emissions reduction.

Il. PFC USAGE DETERMINATION

PFC gas usage at IBM Burlington is determined on a facility-wide basis. The location
chemical tracking system is used for determining PFC use This system contains
information regarding quantities of PECs delivered to using departments. Residual gas
left in the returned cylinder(heel) is measured.

For any PFC, the annual facility-wide usage, Q (. can be expressed as follows:

usage)?

Q(zmnua] usage) = Z Q {deliveredy ~ Q(hcel) (1)

I11. SOURCES OF EMISSION FACTORS AND HOW FACTORS WERE USED
1. Sources of Emission Factors
Various emission factors were obtained from the following sources:

A. Sematech (Technology Transfer # 96073156 A-ENG, pp. 8 - 10);

B. DuPONT (PFC Characterization: GC-MS, Global Warming PTAB meeting,
May, 1996);

C. LAM (LAM Research Corporation letter dated September 26, 1996);

D. AME (AME letter transmitted via facsimile on September 10, 1996);

E. Novellus (Novellus Systems, Inc. |etter dated May, 1996); and

F. IBM’s own test data (note this will be updated later this year).

For IBM’s own test data, the following is a discussion on what and how the data was obtained, as
well as the quality control process:

-- Set-up and Sampling Process:
PFC emissions measurements were taken during PECVD cleans in an AMES000
deposition chamber.

Extractive Fourier Transform Infra Red (FTIR) spectroscopy was used to monitor
perfluorocompounds emissions in-situ during cleaning of an AMES000 PECVD
chamber based on C,F, chemistry. The recipes used are those currently used in
manufacturing. Emissions from C,F, feed-gas sampled from a port in the exhaust
were identified and quantitatively analyzed by extractive FTIR for C,F,, CF, & C,F,.
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The tests were conducted at IBM’s Burlington facility by ateam of participants
consisting of the personnel from a PFC gas supplier and IBM engineers.

-- Results:
Typically the PECVD cleans consist of an inner (high pressure) and outer (low pressure)
clean in order to clean both the inter-electrode region and the chamber walls. These
two parts of the clean operate in different pressure ranges and often are characterized
by different feed-gas utilization and emissions profiles. Four C,F-based recipes were
tested. In each case, the utilization of the etch gas as well as its conversion to other
PFCs isreported.

-- Utilization:
The utilization of the etch gas refers to the percentage of each etch gas which reacts
during the plasma clean to form other products. The utilization was determined by
measuring the etch gas concentration with the radio frequency (RF) power on and off:

% Utilization of C,F, = [C,F, (RF off) - C,F, (RF on )] /C,F, (RFoffy  (2)

-- Experimental:

a. FTIR instrument: MIDAC g5000, MCT detector, ZnSe Optics.

b. Sampling line is made of Teflon, about 12 feet long. Samples were continuously
extracted with a vacuum pump at 1.0 liter per minute for all source sampling, matrix
spiking and instrument calibration checks. Flows were set with pre-calibrated mass
flow controllers. Calibration gas cylinders were used for instrument calibration
checks and matrix spiking. Flows were verified with Dry-Cal flow meter.

c. Sample spectra generated by co-addition of four scans from 5000-600 cm-1 at
0.5 cm-I resolution. Typical minimum detection limit for the 1 cm cell used are:

CF, (5 ppmv), C,F, (50 ppmv), C,F, (20 pprav), COF, (250 ppmv),
SIF, (50 ppmv), and SF, (7 ppmv).

d. Single beam FTIR spectrum was taken every 10 seconds.

-- Qudlitv_ Contral:

a. Instrument calibration check was performed using certified gas standards of
ethylene, SF,, CF,, C,F, and C;F;

b. Matrix spike check was performed to demonstrate quantitative recovery and
measurement of a given spike gas in the matrix of exhaust gases. Certified gas
standards of CF,, C,F, and C,F; were spliced into the sampling port. The
percentage recovery of the spike gas was usually within 0.1%.

c. Data analysis was performed by using quantitative spectral subtraction with an
automated spectral subtraction software based on a least squares algorithm. About
5% of data quantification was verified by manual subtraction. All PECs were
guantified using the gas supplier’s quantitative library spectrum and a minimum four
point calibration curve generated at the supplier’s facility following EPA guideline for
extractive FTIR.

-~ Quantitative Error Assessment:
Errorsin FTIR results were estimated at +/- 10%.
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-- Limitations:
F, and HF were not quantified. (F,, a homonuclear diatomic, is not detectable by IR
absorption, and quantitative assessment of HF was not attempted.) However, fluorine
mass balance was usually within 10%.

2. How Were Emission Factor Used

Table 1 below lists the available emission factors for each PFC gas. Letters “A” through
“F” correspond to sources of emission factors provided under item 1 above:

Table
PFC (Application) Sour ces of Emission
Factors

C,F, (clean) ABCDE,F

C, F; (etch) D,F

CFK, A, C,D

NF, (etch) A, CF

NF, (clean) ACD

CHF, A,C,D

SF, A,CD

Note: our company did not use C,Fy

The arithmetic mean of emission factors for each gas was used in estimating that gas
emissions.

IV. PFC EMISSIONS DISCUSSION --
While the absolute PFC emissions increased by 0.024 in million metric ton of carbon
equivalent (MMTCE) between 1995 and 1999, on a nhormalized (production) basis, PFC
emissions increased only 0.007 MMTCE since the base year of 1995. We have seen
significant reductions in the last year of .018MMTCE with the increased us of lower
emitting process recipes.

V. EXAMPLE PFC EMISSION CALCULATION
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Given:

PFC gas: NF3

Application: Clean

Annual usage: 1,484 kilograms

Mean emission factor: 0.39 or 39% of the NF, used was emitted as NF,

GWP: 8000

Calculation:

MMTCE for NF, [Qups X(GWP, o hnx(12/44)]/10°
[1484x0.39x8000x(12/44)]/10° = 0.0013

MMTCE for al PFCs Sum of (MMTCE),
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