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EXECUTIVE SUMMARY

Background:

Over the past several years there has been an increasing awareness on the part of the foundry

industry, its suppliers and environmental regulatory agencies of the potential for organic

compound/volatile organic compound (OC/VOC) air emissions from a variety of foundry

processes. New information about the potential for OC/VOC emissions from foundry processes

has been developed through engineering calculations and stack testing to meet permitting and

reporting requirements (e.g. Form R Reporting). In particular, Ohio Cast Metals Association

(OCMA) members and Ohio Environmental Protection Agency (OEPA) air permitting staff

became aware of the potential for OC/VOC emissions from certain chemically-bonded core- and

mold-making processes. Based on this new information, the OEPA concluded that certain core­

and mold-making operations are subject to Ohio Rule OAe 3745-21-G7(G)(2). This rule applies to

operations using liquid photochemically reactive organic materials, and requires 85% control of

organic materials if the operation emits more than 8 pounds per hour or 40 pounds per day of

organic materials.

As this issue was further scrutinized, it became clear that there was a distinct lack of reliable

emission factors for these core- and mold-making processes. As a result, OC/VOC emissions

from these processes could not be estimated accurately. Both 00v1A members and OEPA agreed

that a 'literal application of this rule to foundries has the potential to cause an excessive economic

burden on Ohio foundries and adversely affect their ability to compete with foundries in other

states that are not subject to similar requirements. Since this issue was of major significance to

Ohio foundries, its suppliers and the state of Ohio, OCMA(representing Ohio metal casting

companies and their suppliers) and the OEPA agreed to work jointly to address it, and signed a

iii
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Memorandum of Understanding (MOD) in December 1996. The main elements of the MOU are as

follows:

• OCMA supplier members would develop more reliable emission factors based on limited

laboratory testing of the most COmInon or representative binder systems affected by this rule.

• OCMA would conduct a study to determine the cost effectiveness of controlling OC/VOC

emissions in accordance with the rule for "typical" core- and mold-making operations.

• While the above studies are in progress, OEPA would process permits using USEPA

published emission factor data (0.0008 pounds of VOCIton of cores) and exercise enforcement

discretion with respect to the rule.

• After completion of the study, OEPA would determine if a rule change, company-by-

company relief, or variances were warranted based on the results of the study.

The laboratory testing and cost-effectiveness study addressed Phenolic Urethane" Cold Box

(PUCB) and Phenolic Urethane No-Bake (PUNB) binder systems because these were identified as

the most commonly used systems in Ohio foundries that were potentially subject to the rule.

Emission Factors:

The laboratory testing conducted by OCMA supplier members (Ashland Chemical Company,

Borden Chemical, Inc., and Delta Resins and Refractories) showed the emission factors for the two

binder systems to be as follows:

::i

PUCB (Cold Box)

PUNB (No-Bake)

0.65 pounds ofVOCI ton of sand

1.17 pounds ofVOCI ton of sand

~...~

These emission factors and supporting test data were approved by OEPA and it was agreed that

the cost-effectiveness study should proceed.

iv
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"Typical Operations":

Based on a telephone survey of approximately 50 OCMA member foundries in Ohio, the

following three scenarios (Scenario # 1j 2 and 3) were identified initially as "typical operations"

for the purpose of the study:

Scenario #1: PUCB core production and storage

Production rate of 7.35 tons/hour for 8 hours/day

VOC emission rate of 40 pounds/day

Core storage for 12 hours after production

Scenario #2: PUNB core production and storage

Production rate of 4.28 tons/ hour for 8 hours/day

VOC emissions rate of 40 pounds/day

Core storage for 12 hours after production

Scenario #3: PUNB mold production and storage

Production rate of 11.97 tons/hour for 16 hours/day

Mold storage for 12 hours after production

After the above scenarios were analyzed, OCMA decided that the following two additional

scenarios should be analyzed to provide a more complete representation of the foundry industry

in Ohio.

Scenario #4· PUCB core production and storage

Production rate of 7.35 tons/hour for 16 hours/day

Core storage for 12 hours after production .

v
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Scenario #5 PUNB mold production and storage

Production rate of 18 tons/hour for 16 hours/day

Mold storage for 12 hours after production

...-.
; ' ..(
."j

;.1."",}

,. :
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Cost Effectiveness Study:

To address the cost effectiveness portion of the MOU, OCMA retained RMT to assist in

conducting the study.

Conc~ptua1designs of exhaust ventilation SYStenls aimed at capturing the VOCS emitted during

core/mold production and storage were developed for each of the five scenarios.

Three types of emission control systems were selected as options for each of the exhaust streams

and quotes for control equipment were obtained from selected equipment vendors.

Annualized costs for procurement, installation, operation and maintenance for each option and

the associated VOC removal rate were estimated for all five scenarios. A summary of the results

of the study is presented in the following table.

The cost effectiveness ($/ton) numbers for all five scenarios are well in excess of the range

generally considered to be acceptable by state regulatory agencies and the USEPA for BAT and

BACf analysis related to OC/VOC. Therefore, installation of add-on OC/VOC control devices

would not be warranted for any of the five scenarios which w~e reviewed.

vi
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Summary of Cost-Effectiveness Analysis Results

Annual OCfVOC Range of Annualized Control Range of Cost Effectiveness"
OPERATTiNGSCENAJUO Reduction Costs" ($Jton)

(tonsfyear) ($)
#1 PUCS Core Making: 58.8 tons

of sand per day
Core Production 2.07 76,500 -170.500 37,000 - 82.500

Core Storage 4.50 430,500 - 466.500 95.500 - 103.500

#2 PUNS Core Making: 34.2 tons
of sand per day

Core Production 2.25 358,500 - 401.000 159.500 -178.500
"

Core Storage 4.32 371,500 - 459,000 86,000 - 106.500

#3 PUNS Mold Making: 191.5
tons of sand per day

Mold Production 12.06 675,000 - 925.500 56.000 - 76.500

Mold Storage 22.68 1,198,000-1.638,000 53,000 - 72,000

#4 PUCS Core Making: 117.6 tons
of s~md per day

/lC/l'/(9v'l Core Production 4.2 103,500 - 360.000 24.500 - 85.000

Core Storage 9.7 515.500 - 628.500 58.000 - 65.500

#5 PUNS Mold Making: 288 tons
of sand ,per day
1l.1~ \ "r'7 tJ"" Mold Production 20.8 825.500 -1.137.500 43.500 - 59.500

4; I Mold Storage 39.5 1,410,000 - 2,012,500 39,000 - 54,000

*Rounded to nearest $500.00.

vii
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1.0 INTRODUCTION

1.1 Background

The Ohio Cast Metals Association (OCMA), representing Ohio metal casting companies and their

suppliers, is working jointly with the Ohio Environmental Protection Agency (OEPA) to address

the issue of organic compound (OC) and volatile organic compound (VOC) emissions associated

with certain chemically-bonded core- and mold-making processes used in Ohio foundries. Over

the past several years there has been an increasing awareness on the part of the foundry industry,

its suppliers and environmental regulatory agencies of potential OC/VOC emissions from a

variety of foundry processes. New information about the potential for OC/VOC emissions from

foundry processes was developed through engineering calculations and stack testing to meet

permitting and reporting requirements (e.g. Form R Reporting). In particular, OCMA members

and OEPA air permitting staff became aware of the potential for OC/VOC emissions from certain

chemically-bonded core- and mold-making processes.

As this new information was considered during the review of Permit-To-Install (PTI) applications

for new or modified core- and mold-making operations, OEPA concluded that certain operations

were subject to Ohio Rule OAe 3745-21-D7(G)(2). This rule applies to-operations using liquid

photochemically reactive organic materials, and requires 85% control of organic materials if the

operation emits more than 8 pounds per hour or 40 pounds per day of organic materials. As

OEPA air permitting staff and foundries seeking PTIs scrutinized this issue further, it became

clear that there was a distinct lack of reliable emission factors for these core- and mold-making

processes. As a result, OC/VOC emissions from these processes could not be estimated

accurately. Both OCMA members and OEPA agreed that the literal application of this rule to

foundries had the potential to cause an excessive economic burden on Ohio foundries and

1
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adversely affect their ability to compete. effectively with foundries in other states that were not

subject to similar requirements. Since this issue was of major significance to Ohio foundries, its

suppliers and the state of Ohio, OCMA and OEPA agreed to work jointly to address it. Both

organizations agreed that more reliable emission factors for these processes were needed in the

short term. In addition, once more reliable emission data were available, if the rule was

demonstrated to impose an undue economic burden on Ohio foundries, some form of rule change

or exemption would be justified.

Memorandum of Understanding:

After a series of meetings between representatives of OCMA and OEPA, a Memorandum of

Understanding (provided. in Appendix A) was signed by the two organizations on December 3D,

1996. The main elements of the MOU are as follows:

• OCMA binder supplier members would provide OEPA with a listing of common binder

systems supplied to Ohio foundries.

• A working group of OEPA and OCMA representatives would be formed to share information

about foundry processes in general and specifically about core- and mold-making processes.

• OCMA binder supplier members would develop and submit to Ohio EPA for approval, a

protocol for laboratory testing of the most common or representative binder systems. After

OEPA approval, this testing protocol would be used to measure potential VOC emissions

from those common binder systems. Based on the test results, OCMA would recommend

VOC emission factors for these systems to OEPA.

• OCMA would conduct a study to determine the cost effectiveness of compliance with OAC

3745-21-Q7(G)(2) for "typical" core- and mold-making operations for the following purposes:

2
1:\wpcol\pjt\00-02211\04\r221104f 04/21/9



- To serve as a model BAT analysis as required by OAC 3745-31-05 which can be used by

Ohio foundries in support of their PTI application for "typical" core- and mold-making

operations, and

- To support a RACT rule (under OAC 3745-21-09) or category exemption (under OAC

3745-21-07(G».

• While the above studies are in progress, OEPA would process permits using the emission

factor of 0.0008 pounds of VOC per ton of cores produced, and OEPA would exercise

rw enforcement discretion with respect to the application of OAC 3745-21-07(G)(2).
~~

• After completion of the study,OEPA would consider providing relief from the requirements
r~
~~·1
t~ of OAC 3745-21-07(G) including a rule change, company-by-eompany relief, or variances

~:2~ based on the results of the study.
~,- :~

;}:j

Based on a review of the composition of the binder systems commonly used in Ohio foundries,

OCMA binder supplier members (Ashland Chemical Company, Borden Chemical, Inc., and Delta

Resins and Refractories) determined that the following three types of binder systems potentially

contained photochemically reactive organic materials:

• Phenolic Urethane Cold Box (PUCB)

• Phenolic Urethane No-Bake (PUNB)

• Furan

OCMA and OEPA agreed that the most commonly used PUCB and PUNB binders sold by each of

the three binder suppliers in the state of Ohio would be tested using the agreed upon protocol.

Also, it was agreed that the £uran binder system would not be tested or included in the cost

effectiveness study for the following reasons:

3
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• VOC emissions from furan binder systems were thought to be lower than those from PUCB

and PUNB systems;

• the furan binder system was not as widely used in Ohio foundries as the other two binder

systems; and

• furan binders produce water during the curing reaction and therefore, the "weight loss" test

protocol would not provide valid VOC emission data.

In lieu of testing, it was agreed that OCMA binder supplier members would provide OEPA with

available emission data on furan binder systems.

The testing of the PUCB and PUNB binder systems was completed by the three OCMA binder

supplier members in January 1997 and OCMA provided the test results and recommended VOC

emission factors for the two systems to OEPA in February 1997..

Typical Operation:

An OCMA work group was formed to address the issue of "typical operation" for the purpose of

the cost effectiveness study. The work group conducted a telephone survey of approximately 50

OCMA member foundries in Ohio. The purpose of the survey was to identify the full range of

operating methods and parameters in use at Ohio foundries, and to determine one or more

"typical operation(s)" for the study. The work group concluded that sand throughput rate and

core/mold storage time were the two main variables in defining "typical operation" and the

survey showed that these two parameters varied widely among the group of foundries that were

surveyed. The results of the survey were used to define the following three "typical operations"

or scenarios for use in the study:

• Scenario #1: PUCB core production and storage

4
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• Scenario #2: PUNB core production and storage

• Scenario #3: PUNB mold production and storage

After the above scenarios were analyzed, OCMA decided that the following two additional

scenarios should be analyzed to provide a more complete representation of the foundry industry

in Ohio.

• Scenario #4: PUCB core production and storage (alternate to Scenario #1)

• Scenario #5: PUNB mold production and storage (alternate to Scenario #3)

Copies of correspondence from OCMA to OEPA on this subject are provided in Appendix B.

Additional details on each scenario are provided in Section 2 of this report

Cost Effectiveness Study:

To address the cost effectiveness portion of the MOU, OCMA retained RMT, Inc. to assist in

conducting the study. This report provides the results of the study and the supporting

documentation.

1.2 Purpose

.':

: .. '

The objective of the project was to determine the cost effectiveness of compliance with OAC 3745-

21-07(G) for "typical" core/mold-making operations for the following purposes:

a) to serve as a model BAT analysis that can be used by Ohio foundries when applying for PTIs

for "typical" core/mold-making operations, as required by OAC 3745-31..Q5; and

b) to support a RACT rule under OAC 3745-21-09 or category exemption under OAC 3745-21-

07(G) for corelmold-making operations in foundries.

5
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1.3 Scope

The scope of this study was as follows:

• Assist OCMA in defining "typical operations" or scenarios for PUCE and PUNB core- and

mold-making processes;

• Conduct a technical feasibility analysis of selected OC/VOC emission control technologies for

the aforementioned scenarios;

• Conduct an economic feasibility analysis of technically feasible DC/VOC control technologies

selected for each of the aforementioned scenarios based on vendor quotes for emission control

equipment;

• Prepare and submit a report to OCMA providing the findings and conclusions of the study

with supporting data and information.

This report provides the results of the study.

6
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2.0 Technical Feasibility Analysis

21 Emissions Data:

Three OCMA binder supplier members (Ashland Chemical Company, Borden Chemical, Inc. and

Delta Resins and Refractories) conducted laboratory tests using the testing protocol agreed upon

by OCMA and OEPA. The purpose of the testing was to develop VOC emission factors for

corelmold production and storage for the most common PUCB and PUNB binder systems used

by Ohio foundries. In addition, the testing was aimed at estimating the emission profile (i.e.

relationship of emission rate vs. time) for each of the binder systems. Information on the binder

systems selected by each,supplier, the test protocol, the laboratory test results from each supplier,

and a summary of the test results are provided in Appendix C.

Based on the laboratory testing, the emission factors for VOC emissions for core/mold production

and a total period of 12 hours after the resin and sand are mixed were as follows:

The emission profiles for the two binder systems for 2 minutes, 30 minutes, 1 hour and every hour

~.
t\j

• PUCB

• PUNB

0.65 pounds of VOC per ton of sand

1.17 pounds of VOC per ton of sand

up to a total of 12 hours after the sand and resin were mixed are shown in Figures 2-1 (PUCB)

and 2-2 (PUNB).

For the purpose of this study, for all five scenarios, VOCS emitted during the first 30 minutes

were assumed to be occurring during corelmold production, including mixing, prepared sand

storage, sand blowing, corelmold-finishing and interim storage in the production area. VOCs

emitted during the subsequent 111/2 hours were assumed to be occurring during core/mold

storage.
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FIGURE 2-1
PUCB (Cold Box) Emission Profile (Average)
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FIGURE 2-2
PUNS (No Bake) Emission Profile (Average)
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The 3D-minute time interval for production was selected for the following reasons:

• Corelmold production times (including mixing, prepared sand storage, making and interim

storage) are typically well in excess of 2 minutes and well below 1 hour.

• Laboratory testing results provided VOC emissions data for 2 minutes, 30 minutes, 1 hour

and every hour up to 12 hours

fie;,
~: - ..
,1--;.,

L.~

Since the rule (OAC 3745-21-Q7(G)) requires that all VOC emissions occurring during a 12 hour

period following application of the organic material be considered, a period of 111/2 hours after

corelmold production (i.e. 12 hours after sandiresin mixing) was selected for corelmold storage.

It must be emphasized that while these time periods were selected for the purpose of this study,

actual corelmold production and storage times in Ohio foundries, and therefore the relative VOC

emissions in production and storage are likely to vary from foundry to foundry.

Based on the emission profiles in Figure 2-1 and 2-2 and the above assumptions, the relative

proportions of VOC emissions assumed to be occurring during production and storage for the

purpose of this study are as follows:

• PUCB:

- 28.8%of total VOC emissions* occur during corelmold production

- 71.2% of total VOC emissions* occur during core/mold storage

• PUNE:

- 34.5% of total VOC emissions* occur during corelmold production

65.5% of total VOC emissions* occur during corelmold storage

• Total voe emissions equals emissions occurring during the mst 12 hours after sand,lresin mixing

10 1:\wpeol\pjt\00-02211\04\r221104f 04/21/98
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2.2 Phenolic Urethane Cold Box (PUCB) Core-making (Scenario #1)

2.2.1 Process Description

The PUCB process uses an organic binder capable of producing high quality cores at a very rapid

rate at room temperature. The "wet-sand" mix is prepared by mixing sand with a two-part liquid

resin binder. The mixing can be done in batch mixers (e.g. blade and wheel mullers) or

continuous screw (auger) mixers. While batch mLxers are generally more efficient, continuous

mixers provide the ability to mix sand rapidly in the quantities needed. The remainder of the core

production process typically occurs in a core machine designed to facilitate the core-making cycle

rapidly and automatically. The wet-sand from the mixer is deposited int<;> the core machine

hopper and then blown into the core box, which contains a pattern in the shape of the core being

produced. The core box is then placed between an upper gas input manifold and a lower air

exhaust manifold. The catalyst gas (typically triethylamine (TEA) or dimethylethylamine

(DMEA)) mixed with an inert carrier gas enters the core box containing the wet sand through the

blow ports or vents and passes through the core, causing almost instantaneous hardening of the

resin-eoated sand. This is followed by a purge cycle where clean air is passed through the core

box to remove residual catalyst The core is then ready for ejection from the core box. It is

typically removed by the machine operator and placed on a rack after inspection. When full, the

core rack is transported to a core storage area, where the cores are stored until they are needed for

placement in molds.

During catalyst gassing and purging cycles, the catalyst, carrier gas and air pass through the core

and leave the core box through vents into the exhaust manifold, which conveys the gasses to an

acid scrubber which removes the catalyst from the exhaust stream before discharge to

atmosphere. The core box is typically sealed with rubber seals and gaskets and is maintained

11 1:\wpcol\pjt\00-02211\04\r221104f 04/21/98
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under a slight negative pressure by the exhaust manifold to prevent any leakage of catalyst gas to

the working environment.

2.2.2 Scenario Overview and Exhaust Ventilation System Analysis

The conceptual layouts of the core production and storage areas under Scenario #1 are shown in

Figure 2-3 and 2-4 respectively. It must be emphasized that this scenario was developed

specifically for the purpose of this study and is based on a number of conservative assumptions.

Actual foundry operations may vary significantly to allow for required operational and

maintenance flexibility.

• PUCB Core Production Area (Scenario #1):

The core production area (see Figure 2-3) contains an automatic core-making machine capable

of producing PUCB cores at the rate of 7.35 tons per hour for eight hours per day. Virgin sand

from a silo is transported pneumatically to a hopper above the continuous mixer. The two

part PUCB binder is introduced into the mixer. The discharge from the mixer delivers

prepared sand to the core machine hopper. The core machine is equipped with a sealed core

box and a TEA generator supplies the catalyst gas mixture to the machine upon demand. The

operator places the finished cores on a rack adjacent to the machine after they are ejected from

the core box. The rack has the capacity to hold 30 minutes of production. After the rack is

full, it is transported to the core storage area and replaced by an empty rack in the production

area. The machine operates continuously for eight hours per day.

The original machine enclosure has been modified to add exhaust hooding and partially

enclose the machine hopper and the mixer discharge head as much as practical considering

the need to provide operational and maintenance access. The purpose of the modification is

12 1:\wpcoI\pjt\()().{)22J.l \ 04\r22l104f 04/21/98
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to capture VOCs. Exhaust ventilation is applied to the enclosure and to the exhaust plenum

situated under the sealed core box. The air exhausted from the machine enclosure and the

sealed core box is routed to a sand trap to remove any sand particles before entering a packed-

bed acid scrubber The purpose of the scrubber is to remove the TEA catalyst from the exhaust

air, no other VOCS are removed by the scrubber as the major constituents are assumed to be

non-water soluble. The outlet from the scrubber is connected to one of three alternative VOC

control devices. The exhaust from the VOC control device is discharged to the outside

atmosphere through an exhaust stack.

The total exhaust air flow rate applied to the machine enclosure and sealed core box is

2000 W/ minute which was estimated as follows:

a) A minimum of 1000 W/ minute of exhaust air per machine is recommended by the acid

scrubber vendor1 for effective capture of catalyst from the machine enclosure and sealed

core box.

b) An additional exhaust air flow rate of 500 to 1500 W/ minute was estimated to be required

assuming an air flow rate of 200 cfrn/ft2 of open face area2. This estimate was based on

engineering judgment to provide efficient capture of VOCS from the machine hopper and

sand mixer discharge head with hooding designed to allow adequate clearance for

operations and maintenance access. The exact air flow rate required would depend on the

dimensions and relative configurations of the hopper and mixer relative to the machine.

The average of this range, 1000 f~/minute, was assumed to be required to provide

effective capture of VOCs for the purpose of this study.

c) The total air flow rate required for the purpose of the study equals 1000 W/minute as

specified in (a) plus 1000 ft3/minute as specified in (b), or a total of 2000 f~/minute.

15 1:\wpcol\pjt\00-022l1\04\r221104f 04/21/98
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• PUCB Core Storage Area (Scenario #1):

The finished cores are transported to a core storage area (see Figure 2-4) from the core

production area every 30 minutes on racks, each containing cores produced at the rate of 7.35

tons per hour over a 30 minute period (i.e. 3.675 tons of cores per rack). The cores on each

rack are stored in this area for 111/2 hours, after which they are removed from the area for

use in another part of the foundry. The core storage area is located in a separate part of the

foundry, not necessarily adjacent to the production area. To provide total capture of the

VOCs, it is constructed as a Permanent Total Enclosure (PTE) according to the criteria

specified in US EPA Method 2Q43.

The dimensions of the storage area were based on the following assumptions:

- After production, cores are placed in 31/2 foot x 31/2 foot x 5 foot high storage racks.

These racks are stacked up to two high in the storage area with a forklift A five-foot

clearance between the top of the uppermost rack and the roof will be necessary. This

yields a 15-foot height.

- A rack filled with cores will utilize fifty percent of the available rack space. There will be a

six-inch clearance between racks placed in the storage area.

- Core density is equal to 100 pounds per cubic foot.

- Per USEPA Method 2Q43 for a PTE, cores must be stored a minimum of 4 equivalent duct

diameters from any opening.

The PTE will be designed to minimize the floor area and a 14-foot horizontal clearance

will be required for the forklift.

The storage area has an access opening measuring 10 ft wide by 10 ft high to allow forklift

trucks to transport core racks in and out of the area on a frequent basis. It is not feasible to

16 1:\wpcol\pjt\00-02211\04\r221104f 04/21/98
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install a door or other obstruction in this opening as it would interfere unduly with the

required movement of cores in and out of the storage area. Therefore the access opening is a

natural draft opening (NDO) as specified in US EPA Method 204, and a minimum average

face velocity of 200 ft/minute of air is required. Based on this, a minimum exhaust rate of

20,000 ft3/minute is required for the PTE.

The cores on each rack placed in the PTE emit VOCS for the entire 111/2 hour period that

they spend in the storage area at a constant rate of 0.148 pounds of VOC per hour (see

Appendix D for supporting calculations). As additional racks are placed in the PTE every 30

minutes, the VOC emission rate increases. The VOC emission rate in the PTE at 30 minute

increments was calcUIated and plotted in Figure 2-5 which illustrates how the VOC emission

increases in a stepwise manner up to a maxinuun, remains steady for a period of time when

core production stops and begins to decrease in a stepwise manner when successive core

racks are removed after 111/2 hours of storage. Using this information, the maximum 8 hour

time-weighted average VOC emission rate in the storage area was calculated to be 2109

pounds of VOC per hour.

To protect employees working in the PTE (storage area), a dilution ventilation system

comprised of roofexhausts and fresh make-up air is installed. The dilution ventilation system

is based on the following criteria and assumptions:

- The chemical composition of the VOCS emitted from the production and storage areas

vary dependiI'lg on the type of binder and the binder supplier. Commercial grade

Stoddard Solvent with a Threshold Limit Value (fLv®) of 525 ug/m3was selected as the

indicator chemical for the purpose of estimating dilution exhaust ventilation rates in the

17 1:\wpcol\pjt\00-02211\ 04\r221104f 04/21/98
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PTE. Based on discussions with the three OCMA binder supplier members, the

substances the suppliers would recommend for sampling, to access employee exposures in

production and storage, generally had TLVs® equal to or lower than Stoddard Solvent.

Therefore use of Stoddard Solvent as the indicator chemical would provide a conservative

(Le. lower air flow) estimate of the exhaust ventilation rates for the purpose of this study.

- The design of the exhaust ventilation system would be based on the maximum 8-hour

time-Weighted concentration of airborne contaminants to which employees in the storage

area are exposed not exceeding 10% of the TLY® for the indicator chemical. This

assumption is based on criteria generally used by industrial hygiene professionaJ.s4,s.6 as

the basis for designing exhaust air recirculation systems in foundries. Also, the 10%

criterion is recommended in a proposed ANSI standard7 for industrial process exhaust

recirculation systems.

A maximum 8 hour time-weighted average YOC emission rate of 2109 pounds per hour

in the storage area calculated from the emission profile in Figure 2-5 was used as the

steady state emission rate for the purpose of calculating the design exhaust rate.

- A K-Factor (mixing factor) of 3.5 was used to represent reasonably good mixing of dilution

air in the PfE2.

Using these criteria, the exhaust and make-up air flow rates were calculated using the dilution

ventilation equations in the ACGlli Industrial Yentilation Manual2 and the AlliA

Engineering Field Reference ManualS for the storage area PTE (see Appendix D for

calculations). The results are as follows:

19 1:\wpcol\pjl\00-022l1\04\r221104f 04/21/98



I" ,
~ .
~~. .

tJ

Scenario #1 PUCB Core Storage Area Air Flows

Airflow Rate (ft3/min.)
"

Total Exhaust Airflow 37,000

Air Entering Through NDO 20,000

Air Entering Through Make-Up Air Unit 17,000

23 Phenolic Urethane No-Bake (PUNB) Core-making (Scenario #2)

2.3.1 Process Description'

The PUNB binder system is a three component system: 'Parts I and II comprise the resin and Part

ill is a liquid amine-type catalyst. Generally the ratio of Part I to Part II ranges from 50:50 to 60:40.

Part III (catalyst) is typically in the range of 2-9% of Part 1. The sand is typically mixed

simultaneously with all three parts. Parts I and II react to form a urethane bond, and Part III

(catalyst) regulates the speed of the reaction between Parts I and II. The concentration and amount

of catalyst added can be adjusted to provide the required curing time. The catalyzed resin coated

sand remains flowable and workable until just before the desired "strip time" when the hardened

sand is ready to be stripped from the pattern. This feature of the system provides excellent

versatility and flexibility for the process as it allows strip times to be varied from less than a

minute to over an hour depending on the application.

The "wet-sand" mix is prepared by mixing sand with the three parts of the binder system. The

mixing can be done in batch mixers (e.g. blade and wheel muliers) or continuous screw (auger)

mixers. While batch mixers are generally more efficient, continuous mixers provide the ability to
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mix sand rapidly in the quantities needed. The mixed sand is deposited on a wood or metal

pattern in a core box. The sand in the core box is compacted by the operator either manually or

with the help of mechanical vibrating compactors. After the required amount of mixed sand is

added and compacted, excess sand in -the box is scraped off and the core is allowed to cure for the

required curing time. After the curing reaction is complete and the sand has hardened, the pattern

and the box are extracted or "stripped" from the hardened core. After inspection, the finished

corefmold is placed on a rack and eventually transported to a storage area where it is kept until it

is needed.

While the PUNB process can be used for production of one of a kind cores and molds, it is

typically used for rapid mass production of small to medium-sized cores with tum-tables or

conveyorized loop lines which maximize quick recycling of the patterns and core boxes.

2.3.2 Typical Scenario and Exhaust Ventilation System Analysis

The conceptual layouts of the core production and storage areas under Scenario #2 are shown in

Figures 2-6 and 2-7 respectively. It must be emphasized that this scenario was developed

specifically for the purpose of this study and is based on a number of conservative assumptions.

Actual foundry operations may vary significantly to allow for required operational and

maintenance flexibility.

• PUNB Core Production Area (Scenario #2):

The core production area (see Figure 2-6) consists of a roller conveyor loop with a continuous

sand mixer and a stripping station as shown in Figure 2-6, capable of producing PUNB cores

at the rate of 4.28 tons per hour for eight hours per day. Virgin sand from a silo is transported

pneumatically to the hopper of the continuous mixer. The three part PUNB binder is

21 1:\wpcol\pjt\OCl-02211\04\r221104f 04/21/98
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introduced into the mixer. The discharge from the mixer delivers mixed sand upon demand

into a core box , which is positioned on a table in the conveyor loop directly below the mixer

discharge. The operator can manipulate the position and location of the mixer discharge head

relative to the core box and also control the rate and timing of mixed sand discharge from the

mixer. The operator deposits mixed sand into the core box, which contains the pattern, by

manipulating the position of the mixer and controlling the sand flow. The operator also

compacts the mixed sand on the pattern manually and with the assistance of a vibratory

compactor at various times during this operation. When the core box is completely filled with

mixed sand, the operator scrapes off excess sand and pushes the core box on to the roller

conveyor towards the stripping station. The next core box and pattern assembly is then

positioned on the table under the mixer, and the sand filling and compaction cycle is

repeated.

The filled core box is transported on the conveyorized loop towards the stripping station.

After the required curing time has elapsed, the core is stripped from the core box and pattern.

The operator places the finished cores on a rack adjacent to the stripping station. The rack has

the capacity to hold 30 minutes of production. After the rack is full, it is transported to the core

storage area and replaced by an empty rack in the production area. The empty core box and

pattern are returned to the conveyorized loop and transported back to the sand filling station

for reuse. The process operates continuously for eight hours per day.

Exhaust ventilation controls are required to protect employees working in the production area

from exposure to airborne contaminants from the binder system. A local exhaust ventilation

system was considered for this purpose but this was not found to be technically feasible. The

general practice in the foundry industry is to provide general or dilution ventilation in this

24 1:\wpcol\pjt\00-02211\ 04\r221104f 04/'1:1/98
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area to control airborne contaminants in the workplace. Attempts at installing local exhaust

hoods close to the core box or on the mixer head have generally failed to provide effective

VOC capture for the following reasons:

- The labor-intensive nature of the core-making operation and consequently the need for the

operator to have free access and movement at and around the core box and mixer, and the

access and clearances required for jib cranes or other material handing equipment

precludes the possibility of installing an exhaust hood or enclosure reasonably close to the

core-making station. To allow for operations and maintenance access and clearances, any

"local" exhaust ventilation hood has to be located so far away from the core box and mixer

that it would provide little or no close capture of the emissions; rather it simply helps

provide general or dilution ventilation in the area;

- A side-draft type hood installed at the core station significantly hinders the movement of

the operator to the point where productivity and quality are adversely affected;

- A local exhaust hood fitted to the mixer discharge head provides very limited capture of

VOCS emitted while the mixed sand is discharged from the mixer, and generally provides

little or no capture of VOCS emitted from the sand in the core box due to the relatively low

exhaust rate of this type of hood and the relatively long distance from the mixer head to

the core box; and

Any local exhaust hood and associated ductwork installed at the core-making station

tends to entrain resin-coated sand particles, which deposit and harden on the hood and

duct surfaces. This causes significant blockages to exhaust air flow and severely affects the

effectiveness of capture within a relatively short period of time.

Therefore, to protect employees working in the production area and to provide total capture

of the VOCS, a Permanent Total Enclosure (PTE) according to the criteria specified in US EPA
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Method 2043 has been constructed and a dilution ventilation system comprising of roof

exhausts and fresh make-up air has been installed. The dimensions of the production area

PrE are based on the following assumptions:

- Per USEPA Method 2043 for a PrE, cores must be located a minimum of 4 equivalent duct

diameters from any opening. Therefore the distance from the access opening to the mixer

is equal to 4 equivalent duct diameters.

- The distance from the mixer to the first 90 degree conveyor turn is 8 feet. There is an

additional 18 foot aisleway around the conveyor for clearance and storage.

- The distance from the outside of the first 90 degree conveyor turn to the outside of the

second 90 degree conveyor turn is 20 feet

- Building height in the production area is 20 feet

The dilution ventilation system is based on the following criteria and assumptions:

- The chemical composition of the VOCs emitted from the production and storage areas

vary depending on the type of binder and the binder supplier. Commercial grade

Stoddard Solvent with a Threshold Limit Value (fLV®) of 525 ugJm3 was selected as the

indicator chemical for the purpose of estimating dilution exhaust ventilation rates in the

PTE. Based on discussions with the three OCMA binder supplier members, the substances

the suppliers would recommend for sampling, to access employee exposures in

production and storage, generally had TLVs® equal to or lower than Stoddard Solvent

Therefore use of Stoddard Solvent as the indicator chemical would provide a conservative

(i.e. lower air flow) estimate of the exhaust ventilation rates for the purpose of this study.

- The maximum 8-hour time weighted concentration of airborne contaminants to which

employees in the production area are exposed should not exceed 10% of the TLV® for the

indicator chemical. This assumption is based on criteria generally used by industrial
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hygiene professionaJ.s4.5.6 as the basis for designing exhaust air recirculation systems in

foundries. Also, the 10% criterion is recommended in a proposed ANSI standard7 for

industrial process exhaust recirculation systems.

A VOC emission rate of 1.73 pounds per hour in the production area was used as the

steady state emission rate for the purpose of calculating the design exhaust rate. (See

Appendix D for details.)

A K-Factor (mixing factor) of 3.5 was used to represent reasonably good mixing of dilution

air in the PTE2.

Using t.ltese criteria, the exhaust and make-up air flow rates were calculated using the dilution

ventilation equations'in the ACGlli Industrial Ventilation Manua12 and the AlliA

Engineering Field Reference Manual8 for the production area PTE (see Appendix D for

calculations) . The results are as follows:

Scenario #2 PUNB Core Production Area Air Flows

Airflow Rate (ft3/min.)

Total Exhaust Airflow 30,500

Air Entering Through NDO 20,000

Air Entering Through Make-Up Air Unit 10,500

• PUNB Core Storage Area (Scenario #2):

The finished cores are transported to a core storage area (see Figure 2-7) from the core

production area every 30 minutes on racks, each containing cores produced at the rate of 4.28
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tons per hour over a 30 minute period (Le. 2.14 tons of cores per rack). The cores on each rack

are stored in this area for 111/2 hours, after which they are removed from the area for use in

another part of the foundry. The core storage area is located in a separate part of the foundry,

not necessarily adjacent to the production area and is constructed as a Permanent Total

Enclosure (PTE) according to the criteria specified in US EPA Method 2043.

The dimensions for the storage area PTE were based on the following assumptions:

- After production, cores are placed in 31/2 foot x 31/2 foot x 5 foot high storage racks.

These racks are stacked up to two high in the storage area via a forklift A five-foot

clearance between the top of the uppermost rack and the roof will be necessary. This

yields a 15-foot height.

- A rack filled with cores will utilize fifty percent·of the available rack space. There will be a

six-inch clearance between racks positioned in the storage area.

- Core density is equal to 100 pounds per cubic foot

- Per USEPA Method 2043 for a PTE, cores must be stored a minimum of 4 equivalent duct

diameters from any opening.

- The PTE will be designed to minimize the area and a 14-foot clearance will be needed to

provide adequate clearance for the forklift

The storage area has an access opening measuring 10 ft wide by 10 ft high to allow forklift

trucks to transport core racks in and out of the area on a frequent basis. It is not feasible to

install a door or other obstruction in this opening as it would interfere unduly with the

required movement of cores in and out of the storage area. Therefore the access opening is a

natural draft opening (NDO) as specified in US EPA Method 204, and a minimum average
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face velocity of 200 ft/ minute of air is required. Based on this, a minimum exhaust rate of

20,000 ft3/minute is required for the PTE.

The cores on each rack placed in the PTE emit VOCs for the entire 111/2 hours period that

they spend in the storage area at a constant rate of 0.142 pounds of VOC per hour (see

Appendix D for supporting calculations). As additional racks are placed in the PTE every 30

minutes, the VOC emission rate into the PTE increases. The VOC emission rate in the PTE at

30 minute increments was calculated and plotted in Figure 2-8 which illustrates how the VOC

emission increases in a stepwise manner up to a maximum, remains steady for a period of

time when core production stops and begins to decrease in a stepwise manner when

successive core racks are removed after 111/2 hours of storage. Using this information, the

maximum 8 hour time-weighted average VOC emission rate in the storage area was

calculated to be 2.024 pounds of VOC per hour.

To protect employees working in the storage area (PI'E), a dilution ventilation system

comprising roof exhausts and fresh make-up air is installed. The dilution ventilation system is

based on the following criteria and assumptions:

- The chemical composition of the VOCS emitted from the production and storage areas

vary depending on the type of binder and the binder supplier. Commercial grade

Stoddard Solvent with a Threshold Limit Value (TLV®) of 525 ug/m3 was selected as the

indicator chemical for the purpose of estimating dilution exhaust ventilation rates in the

PTE. Based on discussions with the three OCMA binder supplier members, the

substances the suppliers would recommend for sampling, to access employee exposures in

production and storage, generally had TLVs® equal to or lower than Stoddard Solvent
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Therefore use of Stoddard Solvent as the indicator chemical would provide a conservative

(i.e. lower air flow) estimate of the exhaust ventilation rates for the purpose of this study.

- The maximum 8-hour time weighted concentration of airborne contaminants to which

employees in the storage area are exposed should not exceed 10% of the TLY® for the

indicator chemical. This assumption is based on criteria generally used by industrial

hygiene professionaJ..s4.S,6 as the basis for designing exhaust air recirculation systems in

foundries. Also, the 10% criterion is recommended in the proposed ANSI standard7 for

industrial process exhaust recirculation systems.

- A maximum 8-hour time-weighted average YOC emission rate of 2.024 pounds per hour

in the storage area calculated from the emission profile in Figure 2-8 was used as the

steady state emission rate for the purpose of calculating the design exhaust rate.

- A K-Factor (mixing factor) of 3.5 was used to represent reasonably good mixing dilution

air in the PrE2.

Using these criteria, the exhaust and make-up air flow rates were calculated using the dilution

ventilation equations in the ACGIH Industrial Yentilation Manual2 and the AIHA

Engineering Field Reference Manual8for the storage area PrE (see Appendix D for

calculations) . The results are as follows:

Scenario #2 PUNB Core Storage Area Air Flows

Airflow Rate (ft3/min.)

Total Exhaust Airflow 36,000

Air Entering Through NDO 20,000

Air Entering Through Make-Up Air Unit 16,000
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2.4 Phenolic Urethane No Bake (PUNB) Mold-Making (Scenario #3)
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2.4.1 Process Description:

The PUNB binder system is a three component system: Parts I and IT comprise the resin and Part

III is a liquid amine-type catalyst Generally the ratio of Part I to Part IT ranges from 50:50 to 60:40.

Part III (catalyst) is typically in the range of 2-9% of Part 1. The sand is typically mixed

simultaneously with all three parts. Parts I and IT react to form a urethane bond, and Part III

(catalyst) regulates the speed of the reaction between Parts I and IT. The concentration and amount

of catalyst added can be adjusted to provide the required curing time. The catalyzed resin coated

sand remains flowable and workable until just before the desired"strip time" when the hardened

sand is ready to be stripped from the pattern. This feature of the system provides excellent

versatility and flexibility for the process as it allows strip times to be varied from less than a

minute to over an hour depending on the application.

The "wet-sand" mix is prepared by mixing sand with the three parts of the binder system. The

mixing can be done in batch mixers (e.g. blade and wheel mullers) or continuous screw (auger)

mixers. While batch mixers are generally more efficient, continuous mixers provide the ability to

mix sand rapidly in the quantities as needed. The mixed sand is deposited on a wood or metal

pattern in a mold box. The sand in the mold box is compacted by the operator either manually or

with the help of mechanical vibrating compactors. After the required amount of mixed sand is

added and compacted, excess sand in the box is scraped off and the mold is allowed to cure for

the required curing time. After the curing reaction is complete and the sand has hardened, the

pattern and the box are extracted or "stripped" from the hardened mold. After inspection, the

finished mold is placed on a rack and eventually transported to a storage area where it is kept

until it is needed.
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While the PUNB process can be used for production of one of a kind molds, it is typically used for

rapid mass production of small to medium-sized molds with tum-tables or conveyorized loop

lines which maximize quick recycling of the patterns and mold boxes.

24.2 Typical Scenario and Exhaust Ventilation System Analysis

The conceptual layout of the mold production and storage areas under Scenario #3 is shown in

Figures 2-9 and 2-10 respectively. It must be emphasized that this scenario was developed

specifically for the purpose of this study and is based on a number of conservative assumptions.

Actual foundry operations may vary significantly to allow for required operational and

maintenance flexibility.

• PUNB Mold Production Area (Scenario #3):

The mold production area (see Figure 2-9) comprises of a roller conveyor loop with a

continuous sand mixer and a stripping station capable of producing PUNB molds at the rate

of 11.97 tons per hour for 16 hours per day. Virgin sand from a silo is transported

pneumatically to the hopper of the continuous mixer. The three part PUNB binder is

introduced into the mixer. The discharge from the mixer delivers mixed sand upon demand

into a mold box, which is positioned on a table in the conveyor loop directly below the mixer

discharge. The operator can manipulate the position and location of the mixer discharge head

relative to the mold box and also controls the rate and timing of sand discharge from the

mixer. The operator deposits mixed sand into the mold box, which contains the pattern, by

manipulating the position of the mixer and controlling the sand flow. The operator also

compacts the mixed sand on the pattern manually and with the assistance of a vibratory

. compactor at various times during this operation. When the mold box is completely filled
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with mixed sand, the operator scrapes off excess 'sand and pushes the mold box on to the

roller conveyor towards the stripping station. The next mold box and pattern assembly is then

positioned on the table under the mixer, and the sand filling and compaction cycle is

repeated. The filled mold box is transported on the conveyorized loop towards the stripping

station. After the required curing time has elapsed, the mold is stripped from the mold box

and pattern.

The mold enters the storage area via a conveyor and the empty mold box and pattern are

returned to the conveyorized loop and transported back to the sand filling station for reuse.

The process operates continuously for sixteen hours per day.

Exhaust ventilation controls are required to protect employees working in the production area

from exposure to airborne contaminants from the binder system. A local exhaust ventilation

system was considered for this purpose but this was not found to be technically feasible. The

general practice in the foundry industry is to provide general or dilution ventilation in this

area to control airborne contaminants in the workplace. Attempts at installing local exhaust

hoods close to the mold box or on the mixer head have generally failed to provide effective

VOC capture for the following reasons:

- The labor-intensive nature of the mold-making operation and consequently the need for

the operator to have free access and movement at and around the core box and mixer, and

the access and clearances required for jib cranes or other material handing equipment

precludes the possibility of installing an exhaust hood or enclosure reasonably close to the

mold-making station. To allow for operations and maintenance access and clearances, any

"local" exhaust ventilation hood has to be located so far away from the mold box and

mixer that it would provide little or no close capture of the emissions; rather it simply

helps provide general or dilution ventilation in the area;

i ;
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- A side-draft type hood installed at the mold station significantly hinders the movement of

the operator to the point where productivity and quality are adversely affected;

- A local exhaust hood fitted to the mixer discharge head provides very limited capture of

VOCs emitted while the mixed sand was discharged from the mixer, and generally

provides little or no capture of VOCS emitted from the sand in the mold box due to the

relatively low exhaust rate of this type of hood and the relatively long distance from the

mixer head to the mold box; and

- Any local exhaust hood and associated ductwork installed at the mold-making station

tends to entrain resin-coated sand particles, which deposit and harden on the hood and

duct surfaces. This causes significant blockages to exhaust air flow and severely affects the

effectiveness of capture within a relatively short period of time.

To protect employees working in the production area, a permanent total enclosure (PTE) and

a dilution ventilation system comprised of roof exhausts and fresh make-up air is installed.

The dimensions of the production area PrE are based on the following assumptions:

- Per USEPA Method 2043 for a PrE, molds must be located a minimum of 4 equivalent

duct diameters from any opening. Therefore the distance from the access opening to the

mixer is equal to 4 equivalent duct diameters.

The distance from the mixer to the first 9Q-degree conveyor turn is 15 feet There is an

additiona12Q-foot aisleway around the conveyor for clearance and storage.

The distance from the outside of the first 9Q-degree conveyor turn to the outside of the

second 9Q-degree conveyor turn is 50 feet.

- Building height in the production area is 20 feet.

The dilution ventilation system is based on the following criteria and assumptions:
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- The chemical composition of the VOCs emitted from the production and storage areas

vary depending on the type of binder and the binder supplier. Commercial grade

Stoddard Solvent with a Threshold Limit Value (fLv®) of 525 ug/m3 was selected as the

indicator chemical for the purPose of estimating dilution exhaust ventilation rates in the

PrE. Based on discussions with the three OCMA binder supplier members, the

substances the suppliers would recommend for sampling, to access employee exposures in

production and storage, generally had TLVs® equal to or lower than Stoddard Solvent.

Therefore use of Stoddard Solvent as the indicator chemical would provide a conservative

(i.e. lower air flow) estimate of the exhaust ventilation rates for the purpose of this study.

- The maximum 8-hour time weighted concentration of airborne contaminants to which

employees in the storage area are exposed should not exceed 10% of the TLv® for the

contaminants. This assumption is based on criteria generally used by industrial hygiene

profession.aJs4.S.6 as the basis for designing exhaust air recirculation systems in foundries.

Also, the 10% criterion is recommended in the proposed ANSI standard7 for industrial

process exhaust recirculation systems.

- A VOC emission rate of 4.83 pounds per hour in the production area was used as the

steady state emission rate for the purpose of calculating the design exhaust rate. (See

Appendix D for details.)

- A K-Factor (mixing factor) of 3.5 was used to represent reasonably good mixing of dilution

air in the P'fE2.

Using these criteria, the exhaust and make-up air flow rates were calculated using the dilution

ventilation equations in the ACGIH Industrial Ventilation Manual2 and the AIHA

Engineering Field Reference ManualS for the production area PTE (see Appendix D-1 for

calculations) . The results are as follows:
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Scenario #3 PUNB Mold Production Area Air Flows

Airflow Rate (ft3/min.)

Total Exhaust Airflow 85,000

Air Entering Through NDO 20,000

Air Entering Through Make-Up Air Unit 65,000

• PUNB Mold Storage Area (Scenario #3):

The finished molds are transported to a mold storage area (see Figure 2-10) from the

production area in batches every 30 minutes. Each batch contains 5.98 tons of molds (based on

a production rate of 11.97 tons per hour over a 30 minute period). Each batch of molds is

stored in this area for 111/2 hours, after which it is removed from the area for use in another

part of the foundry. The mold storage area is located in a separate part of the foundry, not

necessarily adjacent to the production area and is constructed as a Permanent Total Enclosure

(PTE) according to the criteria specified in US EPA Method 2043.

The dimensions for the storage area were based on calculations using the following

assumptions:

- Mold size is 4 foot x 5 foot x 2 foot

Density of iron is 489.7 pounds per cubic foot and the density of sand is 100 pounds per

cubic foot.

- Sand to metal ratio for the PUNB (chemically-bonded) molds is 1.7 to 1.

- Per USEPA Method 2043 for a PTE, molds must be stored a minimum of 4 equivalent duct

diameters from any openings.
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Molds are stored one high on conveyors. Floor space utilization is forty percent. The

building height is 15 feet.

The storage area has two access openings each measuring 10 ft wide by 5 ft high to allow the

molds to be transported in and out of the storage area via a conveyor. To meet the criterion

for a natural draft opening (NDO) as specified in US EPA Method 204, the opening requires a

minimum average face velocity of 200 ft/minute of air entering the enclosure. Based on this,

the minimum exhaust rate required for this area is 20,000 ft3/ minute.

Each batch of molds placed in the PTE emits VOCs for the entire 111/2 hours period that it

spends in the storage area at a constant rate of 0.400 pounds of VOC per hour (see Appendix

D for supporting calculations). As additional batches are placed in the PTE every 30 minutes,

the VOC emission rate into the PTE increases. The VOC emission rate in the PTE at 30 minute

increments was calculated and plotted in Figure 2-11 which illustrates how the VOC emission

increases in a stepwise manner up to a maximum, remains steady for a period of time when

mold production stops and begins to decrease in a stepwise manner when successive batches

of molds are removed after 111/2 hours of storage are completed. Using this information, the

maximum 8 hour time-weighted average VOC emission rate in the storage area was

calculated to be 8.9 pounds of VOC per hour.

To protect employees working in the storage area (PTE), adilution ventilation system

comprising roof exhausts and fresh make-up air is installed. The dilution ventilation system is

based on the following criteria and assumptions:
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FIGURE 2-11
Scenario #3

PUNB (No Bake) Mold Storage Area Emissions
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•Although the emission rote at the end of the first 24 hour
period is not zero, it has been verified that the maximum
8-hour TWA emission rote in subsequent 24 hour periods
does not exceed this number.

41 i:\wpcol\pjt\OO-02211 \04\T221104d



~- .

t ~,'.

- The chemical composition of the VOCs emitted from the production and storage areas

vary depending on the type of binder and the binder supplier. Commercial grade

Stoddard Solvent with a Threshold Unlit Value (TLV®) of 525 ug/m3 was selected as the

indicator chemical for the purPose of estimating dilution exhaust ventilation rates in the

PrE. Based on discussions with the three OCMA binder supplier members, the

substances the suppliers would recommend for sampling, to access employee exposures in

production and storage, generally had TLVs® equal to or lower than Stoddard Solvent.

Therefore use of Stoddard Solvent as the indicator chemical would provide a conservative

(ie. lower air flow) estimate of the exhaust ventilation rates for the purpose of this study.

- The maximum B-hour time weighted concentration of airborne contaminants to which

employees in the storage area are exposed should not exceed 10% of the TLV® for the

contaminants. This assumption is based on criteria generally used by industrial hygiene

professionaJ.s4.5,6 as the basis for designing exhaust air recirculation systems in foundries.

Also, the 10% criterion is recommended in the proposed ANSI standard7 for industrial

process exhaust recirculation systems.

- A VOC emission rate of 8.9 pounds per hour in the storage area calculated from the

emission profile in Figure 2-11 was used as the steady state emission rate for the purpose

of calculating the design exhaust rate.

- A K-Factor (mixing factor) of 3.5 was used to represent reasonably good mixing of dilution

air in the PrE2.

Using these criteria, the exhaust and make-up air flow rates were calculated using the dilution

ventilation equations in the ACGm: Industrial Ventilation Manual2 and the AIHA

Engineering Field Reference Manual3 for the storage area PrE (see Appendix D for

calculations) . The results are as follows:

:" .
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Scenario #3 PUNB Mold Storage Area Air Flows

Airflow Rate (ft3/min.)

Total Exhaust Airflow 156,000

Air Entering Through NDO 20,000

Air Entering Through Make-Up Air Unit 136,000

2.5 Phenolic Urethane Cold Box (PUCB) Core-making (Scenario #4)

< •

;\
u

"-,

2.5.1 Process Description

The PUCB process uses an organic binder capable of producing high quality cores at a very rapid

rate at room temperature. The "wet-sand" mix is prepared by mixing sand with a two-part liquid

resin binder. The mixing can be done in batch mixers (e.g. blade and wheel mullers) or

continuous screw (auger) mixers. While batch mixers are generally more efficient, continuous

mixers provide the ability to mix sand rapidly in the quantities needed. The remainder of the core

production process typically occurs in a core machine designed to facilitate the core-making cycle

rapidly and automatically. The wet-sand from the mixer is deposited into the core machine

hopper and then blown into the core box, which contains a pattern in the shape of the core being

produced. The core box is then placed between an upper gas input manifold and a lower air

exhaust manifold. The catalyst gas (typically triethylamine (TEA) or dimethylethylamine

(DMEA)) mixed with an inert carrier gas enters the core 'box containing the wet sand through the

blow ports or vents and passes through the core, causing almost instantaneous hardening of the

resin-coated sand. This is followed by a purge cycle where clean air is passed through the core

box to remove residual catalyst The core is then ready for ejection from the core box. It is

typically removed by the machine operator and placed on a rack after inspection. When full, the
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'.{ core rack is transported to a core storage area, where the cores are stored until they are needed for

placement in molds.

During catalyst gassing and purging cycles, the catalyst, carrier gas and air pass through the core

and leave the core box through vents into the exhaust manifold, which conveys the gasses to an

acid scrubber which removes the catalyst from the exhaust stream before discharge to

atmosphere. The core box is typically sealed with rubber seals and gaskets and is maintained

under a slight negative pressure by the exhaust manifold to prevent any leakage of catalyst gas to

the working environment.

2.5.2 Scenario Overview and Exhaust Ventilation System Analysis

The conceptual layouts of the core production and storage areas under Scenario #4 are shown in

Figure 2-12 and 2-13 respectively. It must be emphasized that this scenario was developed

specifically for the purpose of this study and is based on a number of conservative assumptions.

Actual foundry operations may vary significantly to allow for required operational and

maintenance flexibility.

• PUCB Core Production Area (Scenario #4):

The core production area (see Figure 2-12) contains an automatic core-making machine

capable of producing PUCB cores at the rate of 7.35 tons per hour for sixteen hours per day.

Virgin sand from a silo is transported pneumatically to a hopper above the continuous mixer.

The two part PUCB binder is introduced into the mixer. The discharge from the mixer

delivers prepared sand to the core machine hopper. The core machine is equipped with a

sealed core box and a TEA generator supplies the catalyst gas mixture to the machine upon

demand. The operator places the finished cores on a rack adjacent to the machine after they

are ejected from the core box. The rack has the capacity to hold 30 minutes of production.
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After the rack is full, it is transported to the core storage area and replaced by an empty rack

in the production area. The machine operates continuously for sixteen hours per day.

The original machine enclosure has been modified to add exhaust hooding and partially

enclose the machine hopper and the mixer discharge head as much as practical considering

the need to provide operational and maintenance access. The purpose of the modification is

to capture VOCS. Exhaustventilation is applied to the enclosure and to the exhaust plenum

situated under the sealed core box. The air exhausted from the machine enclosure and the

sealed core box is routed to a sand trap to remove any sand particles before entering a packed-

bed acid scrubber The purpose of the scrubber is to remove the TEA catalyst from the exhaust

air, no other VOCS are removed by the scrubber as the major constituents are assumed to be

non-water soluble. The outlet from the scrubber is connected to one of three alternative VOC

control devices. The exhaust from the Vex:: control device is discharged to the outside

atmosphere through an exhaust stack.

The total exhaust air flow rate applied to the machine enclosure and sealed core box is

2000~/ minute which was estimated as follows:

a) A minimum of 1000~/minute of exhaust air per machine is recommended by the acid

scrubber vendor1 for effective capture of catalyst from the machine enclosure and sealed

core box.

b) An additional exhaust air flow rate of 500 to 1500~/minute was estimated to be required

assuming an air flow rate of 200 cfm/ft2 of open face area2• This estimate was based on

engineering judgment to provide efficient capture of VOCS from the machine hopper and

sand mixer discharge head with hooding designed to allow adequate clearance for

operations and maintenance access. The exact air flow rate required would depend on the
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dimensions and relative configurations of the hopper and mixer relative to the machine.

The average of this range, 1000 It'/minute, was assumed to be required to provide

effective capture of VOCS for the purpose of this study.

c) The total air flow rate required for the purpose of the study equals 1000 tt3/minute as

specified in (a) plus 1000 ft3/minute as specified in (b), or a total of 2000 tt3/minute.

PUCB Core Storage Area (Scenario#4):

The finished cores are transported to a core storage area (see Figure 2-13) from the core

production area every 30 minutes on racks, each containing cores produced at the rate of 7.35

tons per hour over a 30 minute period (i.e., 3.675 tons of cores per rack). The cores on each

rack are stored in this area for 111/2 hours, after which they are removed from the area for

use in another part of the foundry. The core storage area is located in a separate part of the

foundry, not necessarily adjacent to the production area. To provide total capture of the

VOCs, it is constructed as a Permanent Total Enclosure (PTE) according to the criteria

specified in US EPA Method 2043.

The dimensions of the storage area were based on the following assumptions:

- After production, cores are placed in 31/2 foot x 31/2 foot x 5 foot high storage racks.

These racks are stacked up to two high in the storage area with a forklift. A five-foot

clearance between the top of the uppermost rack and the roof will be necessary. This

yields a IS-foot height

A rack filled with cores will utilize fifty percent of the available rack space. There will be a

six-inch clearance between racks placed in the storage area.
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- Core density is equal to 100 pounds per cubic fool

- Per USEPA Method 2043for a PTE, cores must be stored a minimum of 4 equivalent duct

diameters from any opening.

- The PTE will be designed to minimize the floor area and a 14-foot horizontal clearance

will be required for the forklift

The storage area has an access opening measuring 10 ft wide by 10 ft high to allow forklift

trucks to transport core racks in and out of the area on a frequent basis. It is not feasible to

install a door or other obstruction in this opening as it would interfere unduly with the

required movement of cores in and out of the storage area. Therefore the access opening is a

natural draft opening (NOO) as specified in US EPA Method 204, and a minimum average

face velocity of 200 ft/minute of air is required. Based on this, a minimum exhaust rate of

20,000 ft3/minute is required for the PTE.

The cores on each rack placed in the PTE emit VOCS for the entire 111/2 hour period that

they spend in the storage area at a constant rate of 0.148 pounds of VOC per hour (see

Appendix D for supporting calculations). As additional racks are placed in the PTE every 30

minutes, the VOC emission rate increases. The VOC emission rate in the PTE at 30 minute

increments was calculated and plotted in Figure 2-14 which illustrates how the VOC emission

increases in a stepwise manner up to a maximllIIl. remains steady for a period of time when

core production stops and begins to decrease in a stepwise manner when successive core

racks are removed after 111/2 hours of storage. Using this information, the maximum 8 hour

time-weighted average VOC emission rate in the storage area was calculated to be 3.293

pounds of VOC per hour.
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To protect employees working in the PrE (storage area), a dilution ventilation system

comprised of roof exhausts and fresh make-up air is installed. The dilution ventilation system

is based on the following criteria and assumptions:

- The chemical composition of the YOCs emitted from the production and storage areas

vary depending on the type of binder and the binder supplier. Commercial grade

Stoddard Solvent with a Threshold Limit Value (TLv®) of 525 ug/m3 was selected as the

indicator chemical for the purpose of estimating dilution exhaust ventilation rates in the

PrE. Based on Wscussions with the three OCMA binder supplier members, the substances

the suppliers would recommend for sampling, to access employee exposures in

production and storage, generally had TLYs® equal to or lower than Stoddard Solvent.

Therefore use of Stoddard Solvent as the indicator chemical would provide a conservative

(i.e. lower air flow) estimate of the exhaust ventilation rates for the purpose of this study.

- The design of the exhaust ventilation system would be based on the maximum 8-hour

time-weighted concentration of airborne contaminants to which employees in the storage

area are exposed not exceeding 10% of the TLy® for the indicator chemical. This

assumption is based on criteria generally used by industrial hygiene professiona!s4.s.6 as

the basis for designing exhaust air recirculation systems in foundries. Also, the 10%

criterion is recommended in a proposed ANSI standard7 for industrial process exhaust

recirculation systems.

A maximum 8 hour time-weighted average VOC emission rate of 3.293 pounds per hour

in the storage area calculated from the emission profile in Figure 2-14 was used as the

steady state emission rate for the purpose of calculating the design exhaust rate.

A K-Factor (mixing factor) of 3.5 was used to represent reasonably good mixing of dilution

air in the PrE2.
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Using these criteria, the exhaust and make-up air flow rates were calculated using the dilution

ventilation equations in the ACGm Industrial Ventilation Manual2 and the AlliA Engineering

Field Reference ManualS for the storage area PTE (see Appendix D for calculations). The results

are as follows:

Scenario #4 PUCB Core Storage AI'ea Air Flows

Airflow Rate (ft3/min.)

Total Exhaust Airflow 58,000

Air Entering Through NDO 20,000

Air Entering Through Make-Up Air Unit 38,000

2.6 Phenolic Urethane No Bake (PUNB) Mold-Making (Scenario#5)

t.:

2.6.1 Process Description:

The PUNB binder system is a three component system: Parts I and IT comprise the resin and Part

ill is a liquid amine-type catalyst Generally the ratio of Part I to Part IT ranges from 50:50 to 60:40.

Part ill (catalyst) is typically in the range of 2-9% of Part I. The sand is typically mixed

simultaneously with all three parts. Parts I and IT react to form a urethane bond, and Part ill

(catalyst) regulates the speed of the reaction between Parts I and IT. The concentration and amount

of catalyst added can be adjusted to provide the required curing time. The catalyzed resin coated

sand remains flowable and workable until just before the desired"strip time" when the hardened

sand is ready to be stripped from the pattern. This feature of the system provides excellent

versatility and flexibility for the process as it allows strip times to be varied from less than a

minute to over an hour depending on the application.

,..
\' .
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The "wet-sand" mix is prepared by mixing sand with the three parts of the binder system. The

mixing can be done in batch mixers (e.g. blade and wheel mullers) or continuous screw (auger)

mixers. While batch mixers are generally more efficient, continuous mixers provide the ability to

mix sand rapidly in the quantities as needed. The mixed sand is deposited on a wood or metal

pattern in a mold box. The sand in the mold box is compacted by the operator either manually or

with the help of mechanical vibrating compactors. After the required amount of mixed sand is

added and compacted, excess sand in the box is scraped off and the mold is allowed to cure for

the required curing time. After the curing reaction is complete and the sand has hardened, the

pattern and the box are extracted or "stripped" from the hardened mold. After inspection, the

finished mold is placed on a rack and eventually transported to a storage area where it is kept

until it is needed.

While the PUNB process can be used for production of one of a kind molds, it is typically used for

rapid mass production of small to medium-sized molds with tum-tables or conveyorized loop

lines which maximize quick recycling of the patterns and mold boxes.

2.6.2 Typical Scenario and Exhaust Ventilation System Analysis

The conceptual layout of the mold production and storage areas under Scenario #5 is shown in

Figures 2-15 and 2-16 respectively. It must be emphasized that this scenario was developed

specifically for the purpose of this study and is based on a number of conservative assumptions.

Actual foundry operations may vary significantly to allow for required operational and

maintenance flexibility.

• PUNB Mold Production Area (Scenario#5):

':1 The mold production area (see Figure 2-15) comprises of a roller conveyor loop with a
~j

continuous sand mixer and a stripping station capable of producing PUNE molds at the rate
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of 18.0 tons per hour for 16 hours per day. Virgin sand from a silo is transported

pneumatically to the hopper of the continuous mixer. The three part PUNB binder is

introduced into the mixer. The discharge from the mixer delivers mixed sand upon demand

into a mold box, which is positioned on a table in the conveyor loop directly below the mixer

discharge. The operator can manipulate the position and location of the mixer discharge head

relative to the mold box and also controls the rate and timing of sand discharge from the

mixer. The operator deposits mixed sand into the mold box, which contains the pattern, by

manipulating the position of the mixer and controlling the sand flow. The operator also

compacts the mixed sand on the pattern manually and with the assistance of a vibratory

compactor at various times during this operation. When the mold box is completely filled

with mixed sand, the operator scrapes off excess sand and pushes the mold box on to the

roller conveyor towards the stripping station. The next mold box and pattern assembly is then

positioned on the table under the mixer, and the sand filling and compaction cycle is

repeated. The filled mold box is transported on the conveyorized loop towards the stripping

station. After the required curing time has elapsed, the mold is stripped from the mold box

and pattern.

The mold enters the storage area via a conveyor and the empty mold box and pattern are

returned to the conveyorized loop and transported back to the sand filling station for reuse.

The process operates continuously for sixteen hours per day.

Exhaust ventilation controls are required to protect employees working in the production area

from exposure to airborne contaminants from the binder system. A local exhaust ventilation

system was considered for this purpose but this was not found to be technically feasible. The

general practice in the foundry industry is to provide general or dilution ventilation in this

area to control airborne contaminants in the workplace. Attempts at installing local exhaust
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hoods close to the mold box or on the mixer head have generally failed to provide effective

VOC capture for the following reasons:

- The labor-intensive nature of the mold-making operation and consequently the need for

the operator to have free access and movement at and around the core box and mixer, and

the access and clearances required for jib cranes or other material handing equipment

precludes the possibility of installing an exhaust hood or enclosure reasonably close to the

mold-making station. To allow for operations and maintenance access and clearances, any

"local" exhaust ventilation hood has to be located so far away from the mold box and

mixer that it would provide little or no close capture of the emissions; rather it simply

helps provide general or dilution ventilation in the area;

A side-draft type hood installed at the mold station significantly hinders the movement of

the operator to the point where productivity and quality are adversely affected;

A local exhaust hood fitted to the mixer discharge head provides very limited capture of

VOCS emitted while the mixed sand was discharged from the mixer, and generally

provides little or no capture of VOCS emitted from the sand in the mold box due to the

relatively low exhaust rate of this type of hood and the relatively long distance from the

mixer head to the mold box; and

- Any local exhaust hood and associated ductwork installed at the mold-making station

tends to entrain resin-eoated sand particles, which deposit and harden on the hood and

duct surfaces. This causes significant blockages to exhaust air flow and severely affects the

effectiveness of capture within a relatively short period of time.

To protect employees working in the production area, a permanent total enclosure (PTE) and

a dilution ventilation system comprised of roof exhausts and fresh make-up air is installed.
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The dimensions of the production area PTE are based on the following assumptions:

Per USEPA Method 2043 for a PTE, molds must be located a minimum of 4 equivalent

duct diameters from any opening. Therefore the distance from the access opening to the

mixer is equal to 4 equivalent duct diameters.

- The distance from the mixer to the first 9O-degree conveyor turn is 15 feet. There is an

additional20-foot aisleway around the conveyor for clearance and storage.

- The distance from the outside of the first 9D-degree conveyor turn to the outside of the

second 9D-degree conveyor turn is 50 feet.

- Building height in the production area is 20 feet.

The dilution ventilation system is based on the following criteria and assumptions:

- The chemical composition of the VOCS emitted from the production and storage areas

vary depending on the type of binder and the binder supplier. Commercial grade

Stoddard Solvent with a Threshold Limit Value (fLv®) of 525 ug/m3 was selected as the

indicator chemical for the purpose of estimating dilution exhaust ventilation rates in the

PTE. Based on discussions with the three OCMA binder supplier members, the substances

the suppliers would recommend for sampling, to access employee exposures in

production an~ storage, generally had TLVs® equal to or lower than Stoddard Solvent.

Therefore use of Stoddard Solvent as the indicator chemical would provide a conservative

(i.e. lower air flow) estimate of the exhaust ventilation rates for the purpose of this study.

- The maximum 8-hour time weighted concentration of airborne contaminants to which

employees in the storage area are exposed should not exceed 10% of the TLV® for the

contaminants. This assumption is based on criteria generally used by industrial hygiene

professionaJs4.5.6 as the basis for designing exhaust air recirculation systems in foundries.
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Also, the 10% criterion is recommended in the proposed ANSI standard7 for industrial

process exhaust recirculation systems.

- A VOC emission rate of 7.3 pounds per hour in the production area was used as the steady

state emission rate for the purpose of calculating the design exhaust rate. (See Appendix

D for details.)

A K-Factor (mixing factor) of 3.5 was used to represent reasonably good mixing of dilution

air in the PfE2.

Using these criteria, the exhaust and make-up air flow rates were calculated using the dilution

ventilation equations in the ACGrn Industrial Ventilation Manual2 and the AlliA

Engineering Field Reference ManualS for the production area PTE (see Appendix D-1 for

calculations) . The results are as follows:

Scenario #5 PUNB Mold Production Area Air Flows

Airflow Rate (ft3/min.)

Total Exhaust Airflow 127,500

Air Entering Through NDO 20,000

Air Entering Through Make-Up Air Unit 107,500

• PUNB Mold Storage Area (Scenario#5):

The finished molds are transported to a mold storage area (see Figure 2-16) from the

production area in batches every 30 minutes. Each batch contains 9.0 tons of molds (based on

a production rate of 18.0 tons per hour over a 30 minute period). Each batch of molds is stored
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in this area for 111/2 hours, after which it is removed from the area for use in another part of

the foundry. The mold storage area is located in a separate part of the foundry, not necessarily

adjacent to the production area and is constructed as a Permanent Total Enclosure (PTE)

according to the criteria specified in US EPA Method 2043•

The dimensions for the storage area were based on calculations using the following

assumptions:

- Mold size is 4 foot x 5 foot x 2 foot

- Density of iron is 489.7 pounds per cubic foot and the density of sand is 100 pounds per

cubic foot

- Saild to metal ratio for the PUNB (chemically-bonded) molds is 1.7 to 1.

- Per USEPA Method 2043 for a PTE, molds must be stored a minimum of 4 equivalent duct

diameters from any openings.

- Molds are stored one high on conveyors. Floor space utilization is forty percent The

building height is 15 feet

The storage area has two access openings each measuring 10 it wide by 5 ft high to allow the

molds to be transported in and out of the storage area via a conveyor. To meet the criterion

for a natural draft opening (NDO) as specified in US EPA Method 204, the opening requires a

minimum average face velocity of 200 ft/ minute of air entering the enclosure. Based on this,

the minimum exhaust rate required for this area is 20,000 ft3/ minute.

Each batch of molds placed in the PTE emits VOCs for the entire 111/2 hours period that it

spends in the storage area at a constant rate of 0.60 pounds of VOC per hour (see Appendix D

for supporting calculations). As additional batches are placed in the PTE every 30 minutes, the

VOC emission rate into the PTE increases. The VOC emission rate in the PTE at 30 minute
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increments was calculated and plotted in Figure 2-17 which illustrates how the VOC emission

increases in a stepwise manner up to a maximum, remains steady for a period of time when

mold production stops and begins to decrease in a stepwise manner when successive batches

of molds are removed after 111/2hours of storage are completed. Using this information, the

maximum 8 hour time-weighted average VOC emission rate in the storage area was

calculated to be 13.350 pounds of Vex: per hour.

To protect employees working in the storage area (PTE), a dilution ventilation system

comprising roof exhausts and fresh make-up air is installed. The dilution ventilation system is

based on the following criteria and assumptions:

- The chemical composition of the VOCS emitted from the production and storage areas

vary depending on the type of binder and the binder supplier. Commercial grade

Stoddard Solvent with a Threshold Limit Value (TLv®) of 525 ug/m3 was selected as the

indicator chemical for the purpose of estimating dilution exhaust ventilation rates in the

PrE. Based on discussions with the three OCMA binder supplier members, the substances

the suppliers would recommend for sampling, to access employee exposures in

production and storage, generally had TLVs® equal to or lower than Stoddard Solvent

Therefore use of Stoddard Solvent as the indicator chemical would provide a conservative

(i.e. lower air flow) estimate of the exhaust ventilation rates for the purpose of this study.

- The maximum B-hour time weighted concentration of airborne contaminants to which

employees in the storage area are exposed should not exceed 10% of the TLv® for the

contaminants. This assumption is based on criteria generally used by industrial hygiene

professionaJ.s4,5.6 as the basis for designing exhaust air recirculation systems in foundries.

Also, the 10% criterion is recommended in the proposed ANSI standard7 for industrial

process exhaust recirculation systems.
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period is not zero, It has been verified that the maximum
8-hour TWA emlssion rate In subsequent 24 hour periods
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- A VOC emission rate of 13.350 pounds per hour in the storage area calculated from the

emission profile in Figure 2-17was used as the steady state emission rate for the purpose of

calculating the design exhaust rate.

- A K-Factor (mixing factor) of 3.5 was used to represent reasonably good mixing of dilution

air in the PTE2.

Using these criteria, the exhaust and make-up air flow rates were calculated using the dilution

ventilation equations in the ACGIH Industrial Ventilation Manual2 and the AIHA

Engineering Field Reference Manual3 for the storage area PTE (see Appendix D for

calculations) . The results are as follows:

Scenario #5 PUNB Mold Storage Area Air Flows

Airflow Rate (ft3/min.)

Total Exhaust Airflow 234/500

Air Entering Through NOO 20/000

Air Entering Through Make-Up Air Unit 214,500

. "

:.-"!
i

-....; 2.7 OqvOC Control Technology Technical Feasibility Review:

The following technologies for controlling OC/VOC emissions were considered for all three

scenarios:

• Thermal oxidation (recuperative and regenerative)

• Catalytic oxidation (recuperative and regenerative)

• Carbon adsorption
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• Concentrator

• Biofiltration

• Condensors

• Scrubbers

The first step in evaluating the technical feasibility of different control options was to review the

OC/VOC concentrations in the exhaust air stream for each scenario. The exhaust air flow rates

estimated in Sections 2.2 through 2.6 and the corresponding OC/VOC concentrations calculated

for each scenario are presented in Table 2-1.

Each of t...l,.e emission control technologies was reviewed for technical feasibility for controlling

VOC emissions from the production and storage areas for all three scenarios, based on the

exhaust air flow rate, the VOC concentration and other relevant factors. Based on this review,

three emission control technology alternatives were selected for the production area and storage

area for each scenario (see Table 22) for a detailed economic feasibility analysis. These selections

and the rationale for the selections were discussed with selected equipment vendors, and they

confirmed that the selected technologies were appropriate. The basis for selecting the technologies

is summarized below.

Thermal Oxidation: Thermal oxidizers, also known as thermal incinerators are used to control a

wide variety of VOC emission streams, yielding destruction efficiencies greater than 99 percent

Thermal oxidizers are typically designed with one of two types of primary heat recovery systems.

Recuperative systems use a conventional system to pre-heat incoming exhaust air. Regenerative

systems use ceramic beds to pre-heat the incoming exhaust air stream. Since thermal oxidizers can

be effectively used for a wide range of inlet concentrations and flow rates, thermal oxidation was

considered for the economic feasibility analysis for production and storage area emissions for all

three scenarios.
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Table 2-1
Summary of Exhaust Rates

PRODUCTION AREA STORAGE AREA
Exhaust Rate Exhaust Rate

SCENARIO ft3/rnin ftJImin
Total NDO" Make-Up Total NDO" Make-Up

#1 PUCB Cores 2,000** N/A N/A 37,000 20,000 17,000

#2 PUNB Cores 30,500 20,000 10,500 36,000 20,000 16,000

#3 PUNB Molds 85,000 20,000 65,000 156,000 20,000 136,000

#4 PUCB Cores 2,000** N/A N/A 58,000 20,000 38,000

#5 PUNB Molds 127,500 20,000 107,500 234,500 20,000 214,500

Note: Airflow rates are rounded to the nearest 500 CFM.
* NDO =Natural Draft Opening
** Airflow Rate for Local Exhaust Ventilation on Core Machine
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Table 2-2
Emission Control Technologies Selected

for Economic Feasibility Study

SCENARIOS PRODUCTION AREA STORAGE AREA

#1 Recuperative Thermal Oxidizer Concentrator
PUCBCores Recuperative Catalytic Oxidizer Regenerative Thermal Oxidizer

Carbon Adsorption Biofiltration

#2 Concentrator Concentrator
PUNBCores Regenerative Thermal Oxidizer Regenerative Thermal Oxidizer

Biofiltration Biofiltration

#3 Concentrator Concentrator
PUNBMolds Regenerative Thermal Oxidizer Regenerative Thermal Oxidizer

Biofiltration Biofiltration

#4 Recuperative Thermal Oxidizer ' Concentrator
PUCBCores Recuperative Catalytic Oxidizer Regenerative Thermal Oxidizer

Carbon Adsorption Biofiltration

#5 Concentrator Concentrator
PUNBMolds Regenerative Thermal Oxidizer Regenerative Thermal Oxidizer

Biofiltration Biofiltration
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Catalytic Oxidation: This technology is similar to thermal oxidation except that a catalyst is

employed to allow the oxidation to occur at a lower temperature, thereby providing significant

fuel savings compared to thermal oxidation. Both regenerative and recuperative systems are used.

However, this technology is not as broadly applicable as thermal oxidation because the catalyst is

sensitive and prone to damage by certain pollutants or process conditions. This technology was

selected for economic feasibility analysis for all the scenarios. However, after reviewing the cost

estimates from equipment vendors, regenerative thermal oxidation was substituted for catalytic

oxidation for all scenarios except the production area for Scenario #1 and#4 as it was found to be

more favorable (i.e. lower costs).

Carbon Adsorption: An activated carbon bed is used to adsorb VOCs from the exhaust stream.

When the bed is nearly saturated with VOC's it is regenerated in situ, sent off site for regeneration

or disposed, depending on the type of system installed. Since this technology is not applicable for

exhaust air inlet concentrations of less than 10 to 20 ppmv, it was selected for economic feasibility

analysis for the production areas in Scenario #1 and#4, and was ruled out for all the other

scenarios.

Concentrator: This emission control method combines two technologies and is aimed at treating

relatively high volume dilute air streams. The exhaust air is first passed through a carbon

adsorption system where the VOCS are adsorbed. When the bed is nearly saturated, the VOCS are

desorbed with air and the VOC-laden air is passed through a thermal oxidation system where the

VOCs are destroyed. The air flow rate of the desorbtion air is much lower than the original

exhaust air rate and the VOC concentration in the desorbtion air is much higher, thereby making

thermal oxidation of the VOCS a more attractive proposition. Because of its applicability to dilute

high volume exhaust air streams, it was selected for economic feasibility analysis for all scenarios
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except the production areas for Scenario #1 and#4 where the exhaust air flow rate is relatively

low.

Biofiltration: This is a relatively new technology where VOCS are removed by passing the exhaust,

air through a bio-mass which essentially captures and destroys the VOCS through biological

activity. It is typically used for dilute high volume exhaust streams. It was selected for economic

feasibility analysis for all scenarios except the production areas for Scenario #1 and #4 where the

exhaust air flow rate is relatively low.

Condensers: These devices are used for removing VOCS from high concentration (usually greater

than 5000 ppmv) exhaust streams by cooling the exhaust stream and thereby condensing the

VOCS. Since the inlet concentrations for all scenarios were well below the minimum range for

condensers, this technology was ruled out as technically infeasible for all scenarios.

Scrubbers (Absorbers): are widely used as a recovery technique in the separation and purification

of gaseous streams containing high concentrations of VOCS. They are more widely used as an

emission control method for inorganic vapors than for VOCS. The primary criterion for

determining feasibility of this technique is the solubility of the VOCS in water or other suitable

solvent Since the major constituents of PUCB and PUNB binder systems are generally non-water

soluble, this technology was not selected for economic feasibility analysis for any of the scenarios.
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3.0 Economic analysis for add-on OCjVOC emissions controls

After conducting the technical feasability analysis described in Section 2.5, a meeting to review the

selected emission control alternatives was held on July 22, 1997 with OEPA staff and OCMA

representatives. At this meeting OEPA staff generally concurred with the selected emission control

alternatives and agreed that the economic feasability analysis of these alternatives should proceed.

Detailed cost-benefit analyses were performed for each of the selected control alternatives in

accordance with OEPA Engineering Guide #46.

Capital costs for emission control equipment used in the analyses are based upon actual quotes

obtained from equipment vendors. The capital costs associated with constructing the enclosure

and ventilation system for each control scenario were derived based upon a combination of vendor

quotes and engineering analyses performed by RMT staff experienced in ventilation system design.

Copies of the vendor quotes and supporting background data on RMT's cost estimates for the

enclosure/duct work are provided in Appendix E.

The following key assumptions were made:

• The emissions control equipment for each control option could be located within 150 feet of the

operation;

• Electric and gas rates used in the analysis were mid-range values based on experience with a

variety of manufacturing facilities. Actual rates could vary significantly based on overall

consumption at the facility, the specific location of the facility in Ohio and other factors;

• Due to the lack of a known precedent for use of biofiltration for controlling OC/VOC emissions

from core- and mold-making operations ,and the need for guaranteed performance in terms of

controlled emissions, a 15% contingency for capital costs was added to the biofiltration quotes
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;: .' provided. This was based upon the guidance provided in Table 4-4 of the OEPA Engineering

Guide #46;

• Installation costs were derived based upon vendor quotes or standard Ohio EPA Engineering

Guide #46 recommended values. Actual costs could vary significantly depending on site-

r~ specific requirements, especially for retrofitting controls to existing operations.
t !

• Production costs were assumed to not increase as a result of installing enclosures, exhaust
(-1
[' ;
1'2 j ventilation and emissions controls. For example, additional production costs could be incurred

~ for management of inventory and movement of stored cores or molds in and out of the

enclosure. However/these costs were not considered in the feasability analysis;

nij • Enclosures for Scenario #1 (Storage), Scenario #2 (production and Storage), Scenario #3

(production and Storage), Scenario #4 (production and Storage) and Scenario #5 (production

and Storage) would be Permanent Total Enclosures (PTEs) meeting the criteria in USEPA

Method 2043.

When conducting site-specific evaluations (for example BAT reviews for PTIs, etc.) for add-on

I'·;·'·','
"-.\

OC/VOC controls for core- and mold-making operations in the future, the above assumptions

should be carefully scrutinized and adjusted as necessary in relation to actual site-specific

conditions.

3.1 Scenario #1: PUCB Core-making (7.35 tons per houri 8 hours per day)

C";l '
L.

Table 3-1A and Table 3-1B provides the results of the Cost Benefit Analysis for the production and

storage areas of Scenario #1, respectively. The detailed analysis of each evaluated control

technology can be found in Appendix E.

:..:
:."
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TABLE 3-1A
Scenario #1

Cost Effectiveness Results
PUCB Core Production

CONTROL SYSTEM ANNUALIZED COST ($)* Annual OCNOC COST EFFECTIVENESS*
REDUCTION (tons/year) ($/ ton)

Recuperative Thermal Oxidizer 79,000 2.07. 38,000

Recuperative Catalytic Oxidizer 76.500 2.07 37.000

Carbon Adsorption 170,500 2.07 82.500

* Rounded to nearest $500.00.
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TABLE 3-1B
Scenario #1

Cost Effectiveness Results
PUCB Core Storage

CONTROL SYSTEM ANNUALIZED COST ($)* OCNOC REDUCTION COST EFFECTIVENESS*
(tons/year) ($/ ton)

Concentrator 444,000 4.5 98,500

Regenerative Thermal Oxidizer 466,500 4.5 103,500

Biofilter 430,500 4.5 95,500

* Rounded to nearest $500.00.
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3.2 Scenario #2: PUNB Core-making (4.28 tons per hour, 8 hours per day)

Table 3-2A and Table 3-2B provides the results of the Cost Benefit Analysis for the production and

storage areas of Scenario #2, respectively. The detailed analysis of each evaluated control

technology can be found in Appendix E.

3.3 Scenario #3: PUNB Mold-making (11.97 tons per hour, 16 hours per day)

Table 3-3A and Table 3-3B provides the results of the Cost Benefit Analysis for the production and

storage areas of Scenario #3, respectively. The detailed analysis of each evaluated control

technology can be found in Appendix E.

3.4 Scenario #4: PUCB Core-making (7.35 tons per hour, 16 hours per day)

Table 3-4A and Table 3-4B provides the results of the Cost Benefit Analysis for the production and

storage areas of Scenario #4, respectively. The detailed analysis of each evaluated control

technology can be found in Appendix E.

3.5 Scenario #5: PUNB Mold-making (18.0 tons per hour, 16 hours per day)

~
6-;j Table 3-5A and Table 3-5B provides the results of t.l-te Cost Benefit Analysis for the production and

~ storage areas of Scenario #5, respectively. The detailed analysis of each evaluated control

technology can be found in Appendix E.
,
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\;..j
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TABLE 3-2A

Scenario #2
Cost Effectiveness Results

PUNS Core Production

CONTROL SYSTEM ANNUALIZED COST ($)* OCNOC REDUCTION COST EFFECTIVENESS*
(tons/year) ($/ton)

Concentrator 401,000 2.25 - 178,500

Regenerative Thermal Oxidizer 358,500 2.25 159,500

Biofilter 361,000 2.25 160,500

"'Rounded to the nearest $500.00.
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TABLE 3-2B

Scenario #2
Cost Effectiveness Results

PUNS Core Storage

CONTROL SYSTEM ANNUALIZED COST ($)* OCNOC REDUCTION COST EFFECTIVENESS*
(tons/year) ($/ton)

Concentrator 441.500 4.32 102,000

Regenerative Thermal Oxidizer 459.000 4.32 106,500
..

Biofilter 371.500 4.32 86,000

"'Rounded to the nearest $500.00.

75 1:\wpcol\pjt\OO-02211\04\ r2211O4f 04/21/98



w.r~."::;:·f~

~,'::o..~'.-~;j rl.'~'~'~~ r~}~:~~'~'S [~r.~:.~.:~ r~W11 ~ ~::~ZJ 8:7] c::: ~IJ ~
r~··"'l

f;r~?~ ......

J :J2!.~
~.,.....
Q;,.

........~,

TABLE 3-3A

Scenario #3
Cost Effectiveness Results

PUNS Mold Production

CONTROL SYSTEM ANNUALIZED COST ($)* OCNOC REDUCTION COST EFFECTIVENESS*
(tons/year) ($/ton)

Concentrator 877,500 12.06 73,000

Regenerative Thermal Oxidizer 925,500 12.06 76,500
.'

Biofilter 675,000 12.06 56,000

"'Rounded to the nearest $500.00.
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TABLE 3-3B

Scenario #3
Cost Effectiveness Results

PUNS Mold Storage

CONTROL SYSTEM ANNUALIZED COST ($)* OCNOC REDUCTION COST EFFECTIVENESS*
(tons/year) > ($/ton)

Concentrator 1,198,000 22.68 53,000

Regenerative Thermal Oxidizer 1,638,000 22.68 72,000

Biofilter 1,267,500 22.68 56,000

"'Rounded to the nearest $500.00.
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TABLE 3-4A

Scenario #4
Cost Effectiveness Results

PUCB Core Production

CONTROL SYSTEM ANNUALIZED COST ($). OCNOC REDUCTION COST EFFECTIVENESS·
(tons/year) ($/ton)

Recuperative Thermal Oxidizer 114,000 4.2 27,000

Recuperative Catalytic Oxidizer 103,500 4.2 24,500

Carbon Adsorption 360,000 4.2 85,000 ..

* Rounded to nearest $500.00.
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TABLE 3-4B

Scenario #4
Cost Effectiveness Results

PUCB Core Storage

CONTROL SYSTEM ANNUALIZED COST ($)* OCNOC REDUCTION COST EFFECTIVENESS*
(tons/year) ($/ton)

Concentrator 515,500 8.9 58,000

Regenerative Thermal Oxidizer 628,500 9.7 65,000

Biofilter 586,000 8.9 65,500

* Rounded to nearest $500.00.
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TABLE 3-5A

Scenario #5
Cost Effectiveness Results

PUNS Mold Production

CONTROL SYSTEM ANNUALIZED COST ($)* OCNOC REDUCTION COST EFFECTIVENESS*
(tons/year) ($/ton)

Concentrator 825,500 19.1 43,500

Regenerative Thermal Oxidizer 1,081,500 20.8 52,000

Biofilter 1,137,500 19.1 59,500

*Rounded to the nearest $500.00.
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TABLE 3-5B

Scenario #5
Cost Effectiveness Results

PUNS Mold Storage

CONTROL SYSTEM ANNUALIZED COST ($)'" OCNOC REDUCTION COST EFFECTIVENESS'"
(tons/year) ($/ton)

Concentrator 1,410,000 36.3 39,000

Regenerative Thermal Oxidizer 2,012,500 39.5 51,000

Biofilter 1,955,500 36.3 54,000

"Rounded to the nearest $500.00.
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MEMORANDUM OF UNDERSTANDING BETWEEN ;~""":::r S.~O~3JUla 03HJlI·~:

OHIO CAST METALS ASSOCIATION
&

THE OHIO ENVIRONMENTAL PROTECTION AGENCY

~E, OS J30

'\rd'3 OIHQ

~. :.

1.

2.

3.

4.

5.

6.

7.

OCMA supplier members ,...ill provide a listing of the common binder systems (with trade names)
supplied to Ohio foundries for core/mold making operations. The suppliers will defIne common.
categories of resinslbinders used in the foundry industry.

A working group will be fornted with representatives from aCMA and Ohio EPAJDAPC to share
infonnation about core/mold making processes.

OCMA supplier members agree to test the most common or representative systems in a Round Robin
Double Blind Study to be conducted using their respective laboratories. The emission data will be
determined using "weight loss" analyses. The tests will be perfonned in accordance with the attached
testing protocol and will measure potential VOC emissions from core/mold making operations. OCMA
will provide recommendations for emission factors for VOC to Ohio EPNOAPC in the form ofa written
report summarizing, analyzillg, and interpreting the test data.

In addition to the testing program, OCMA agrees to provide available data on furan based binder systems.

Utilizing the data gathered under item (3), OCMA will determine the cost-effectiveness ofcompliance
with OAC rule 3745-21-07(G) for "typical" core/mold making operations for the following purposes:

a) to serve as a model BAT analysis that can be used by Ohio foundries when applying for PTI's
for "typical" core/mold making operations, as required by OAC rule 3745-31-05; and

b) to support a RACT rule under OAC rule 3745-21-09 or category exemption under OAC rule
3745-21-07(G) for coreimold making operations in foundries.

The defInitions of the various, "typical" operations will be agreed upon by the Ohio EPA and OCMA in
advance of the cost-effectiveness studies. A preliminary industry-wide cost impact for Ohio will be
estimated from available vendor data. The OCMA effort also will include a review ofregulations on
vac emissions in other states with major foundry populations.

During the preparation by OCMA ofthe infonnation outlined in items (1), (3), and (4), Ohio EPA will
continue to process pennits to install and pennits to operate submitted to Ohio EPA from Ohio foundries
using an emission factor of .0008 pound of OC per ton ofcores produced (from the AIRS data base),
unless facility-specific test data is available for use in processing the permits. OCMA and Ohio
EPAlDAPC agree to the use of the attached "reopening" language in the permits during this interim
period.

The attached timetable sets forth the schedule for completion of this activity. Ohio EPA will continue to
exercise enforcement discretion with respect to the application of OAC rule 3745-21-07(G) for core/mold
making operations until the OCMA research program is complete, the data are evaluated by OCMA and
Ohio EPNOAPC, and consensus is rcached on the appropriate emission factors and air pollution control
requirements. This enforcement discretion shaH not extend beyond the completion date set forth in the
timetable.

Ohio EPNOAPC is prepared to consider various types ofrelief from OAC rule 3745-21-07(G) including
a change in the rule, company-by-company relief, or variances, but this consideration will depend upon
the knowledge gained in the project. Ohio EPAJDAPC agrees to work with the OCMA and the indusLry
to resolve any compliance issues that may arise as a result of improved knowledge about actual aCNaC
",~;~':;,",n" frr"" fl.,. ,.."r,./mnlrl T11~l-ino nnerations.
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SIGNATORIES FOR THE MEMORANDUM OF UNDERSTANDING BEnYEEN
id OHIO CAST METALS ASSOCIATION

&
~ THE OHIO ENVIRONMENTAL PROTECTION AGENCY

Each signatory represents and warrants that he has been duly authorized to sign this document
and so bind the Ohio Cast ¥etals Association and the Ohio Environmental Protection Agency to
all terms and conditions thereof.

DEC 3 0 1996

Date

~,
(ji

. !

Mark E. Armstrong
President
Ohio Cast Metals Association

(.!~ i0 r. [J ,.
'I -.r.t"\.

DEC 30 S6
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1.

2.

TIMETABLE FOR DEVF ..IPING EMISSION FACfORS FOR TH. ;ASTING INDUSTRY IN OHIO

On June 27, 1996, a list ofconunon categories and specific trade names of resinslbinders used in the
foundry industry in Ohio was completed.

A working group with representatives from the Ohio Cast Metals Association and Ohio EPAlDAPC has
been fonned to share infonnation about core/mold making processes.

r~..... "
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3.

4.

5.

OCMA supplier members agree to test the most conunon or representative systems in a Round Robin
Double Blind Study to be conducted using their respective laboratories. OCMA will provide
recommendations for emission factors for VOC to Ohio EPAlDAPC in the fonn of a written report
swnmarizing, analyzing, and interpreting the test data.

On or before February 28, 1997. OCMAlDAPC will detennine the appropriate emission factors to be
used in the "typical" core/mold making operations using the data gathered under item (3).

On or before September I, 1997, the activities outlined under items (3), (4) and (6) of the Memorandwn
of Understanding will be completed.

OHIO E.P.A.

DEC 30 90
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PTI Terms and Conditions

The Ohio EPA reserves the right to: (a) update the emissions factors used to estimate
Organic Compound (OC) and Volatile Organic Compounds (VOC) emissions and/or (b)
redefine the actual and allowable OCNOC emissions in this permit to install for the core
and/or mold making process(es) at the'facility.

.' 1
• oj

Upon written notification from the Ohio EPA concerning the identification and availability of
updated and more representative OCNOC emission factors, the permittee may be required
to reevaluate the estimated OCNOC emissions from the core and/or mold making
operation{s) using the updated emission factors. Should the updated emission factors
indicate an increase in estimated OC and/or VOC emissions the permittee shall submit the
following (one copy to the appropriate District Office or Local Air Agency and one copy to
the Ohio EPA, Division of Air Pollution Control, Engineering Section):

";.

1)

2)

Revised OCNOC Emissions Estimates:

Within sixty (60) days of receipt of the written notification from Ohio EPA, the
permittee shall submit updated OCNOC emissions estimates (maximum rate in
Ibs/hour and tons/year) for each core and/or mold making operation covered under
this permit, using the updated emission factors'.

Reevaluation of BAT and Compliance with OAC Rule 3745-21-07(Gl:

\', .... ..~.

a.

b.

Within one hundred and twenty (120) days of submittal of the revised
emissions estimates, for each core and/or mold making operation the
permittee shall submit:

(i) for each core andlor mold making operation permitted herein utilizing
photochemically reactive materials, as defined in OAC rule 3745-21-01, an
analysis that reevaulates the status of compliance with the requirements of
OAC rule 3745-21-07(G); and

(ij) a Best Available Technology (BAT) analysis or study, conducted in
accordance with Ohio EPA Engineering Guide #46, if appropriate, that
d~fines BAT for the operation(s).

Within thirty (30) days of submittal of the rule analysis and the BAT analysis
or study, facility representatives shall meet with representatives of the Ohio
EPA, DAPC and the appropriate District Office of local air agency to discuss
and resolve any issues related to the submittals.

...-.1.
. .

c. • Should the rule analysis andlor BAT analysis or study indicate that at the
revised estimated OCNOC emission rates additional emissions reductions are
warranted to meet the requirements of OAC rule 3745-21-07(G).andlor the
BAT requirements (OAC rule 3745-31-05), within thirty (30) days after

OH!O E,P...6" submission of the analysis or study, the permittee shall submit an
_ expeditious schedule for implementation of the additional emissions control

DEC 30 95 for the core 'and/ormold making operations permitted herein, This schedule
---RED OIR[C 'OR' J' shall include the following milestone dates, as applicable:

. I <S O[ji(~I;\L _
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Milestone

i.'

ii.

iii.

iv.

. v.

Submit, if required, a PTf modification application
implementing the revised BAT determination by

Execute the purchase order(s) for procurement of
equipment or components needed to implement
additional emissi,ons control by

Initiate installation of equipment and/or components,
or initiate implementation of operational changes, to
implement additional OCNOC emissions control by

Complete installation of equipment and/or components,
or operational changes, to implement additional OCNOC
emissions control by

Achieve and demonstrate final compliance with OAC rule
3745-21-07(G) and/or the revised BAT determination
by

3. Title V Permit Application:

a.

b.

Existing Title V facilities

For a facility with a Title V application previously submitted, within one
hundred and eighty (180). days of the revised BAT determination.or submittal
of the revised emissions estimates, whichever is later; the permittee shall
submit a revised Title V application incorporating the revised emissions
estimates and any other information needed to update the application as a
result of the revised emissions estimates.

"New" Title V facilities (only applicable to facilities which become subject to
Title V permitting requirements (OAC Chapter 3745-77) as a result of
increased OCNOC emissions from the use of the updated emission factors)

r····1l' i
~ ~i,. '.
~~:

r, '
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"

i.

ii.

Within thirty (30) days of submittal of the revised estimated emissions
(item #1 above), the permittee shall submit a revised "potential to
emit" determination for the' facility to the Ohio EPA, DAPC,
Engineering Section and appropriate District Office or focal air agency.

Within one year of submittal of the revised emissions estimates (item
#1), the permittee shall submit a complete Title V permit application,
federally enforceable state operating permit application, or permit to
install application.



4.
I

Emissions Fee RepCJll (for facilities subject to the Ti~le V rl.. ... ulations):

Within ninety (90) days of submittal of the revised estimated emissions (item # 1) I

the permittee'shall submit a Fee Emission Report to the Ohio EPA I in accordance
with OAC Chapter 3745-78 and Ohio EPA Engineering Guide #61, for the most
recent completed calendar year in which the facility would be classified as a
"major" under the Ohio Title V regulations.

OHIO E.P.A.

DEC 30 95

::HTERED OIRECiOWS JOUiWAL



'l".\
~..:

Li
,..··'1

U

PTO/Title V Terms and Conditions

The Ohio EPA reserves the right to: (a) update the emission factors used to estimate
Organic Compound (OC) and Volatile Organic Compounds (VOC) emissions and/or (b)
redefine the actual and allowable OCNOC emissions in this permit to operate for the core
and/or mold making process(es) at the facility.

Upon written notification from the Ohio EPA concerning the identification and availability of
updated and more representative OCNOC emissions factors, the permittee may be
required to reevaluate the estimated OCNOC emissions from the core and/or mold making
operation(s) using the updated emission factors. Should the updated emission factors
indicate an increase in estimated OC and/or VOC emissions the permittee shall submit the
following (one copy to the appropriate District Office or local air agency and one copy to
the Ohio EPA, Division of Air Pollution Control, Engineering Section):

1) Revised OCNOC Emissions Estimates:

Within sixty (60) days of receipt of the written notification from Ohio EPA, the
permittee shall submit updated OCNOC emissions estimates (maximum rate in
Ibs/hour and tons/year) for each core and/or mold making operation covered under
this permit, using the updated emission factors.

~ .

,
L,....

i: .'

2) Reevaluation of Compliance with OAC Rule 3745-21-07CGI:

a. For each core and/or mold maKing operation permitted herein and using
photochemically reactive materials, as defined in OAC rule 3745-21-01, within one­
hundred and twenty (120) days of submittal of the revised emissions estimates, the
permittee shall submit an analysis that reevaluates for egch operation the status of
compliance with OAC rule 3745-21-07(G).

b. Within thirty (30) days of submittal of the analysis, fa9i1ity representatives shall
meet with representatives of the Ohio EPA, DAPC and the appropriate District
Office or local air agency t.o discuss and resolve any issl;Jes related to the submittal.

c. Should the analysis indicate that at the revised estimated OCNOC emissions
rates additional emission reductions are necessary to meet the requirements of OAC
rule 3745-21-07(G), within sixty (60) days after submission of the analysis or the
meeting conducted under item (2)(b), the permittee shall submit an expeditious
schedule for implementation of the additional emissions reductions for the core
and/or mold making operations permitted herein. This schedule shall include the
folloyving milestone dates, as applicable:

OHIO LP./\.

DEC 30 95
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Milestone

\
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\
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i. '
h,";

i.

ii.

iii.

iv.

3.

Execute the purchase order(s) for procurement of
equipment or components needed to implement
additional emissions control by

Initiate installation of equipment and/or components,
or initiate implementation of operational changes, to
implement additional GCNGC emissions control by

Complete installation of equipment and/or components,
or operational changes, to implement additional GCNGC
emissions control by

Achieve and demonstrate final compliance with GAC rule
3745-21-07(G) by

Title V Permit Application:

a.

b.

Existing Title V facilities

For a facility with a Title V application previously submitted, within one
hundred and eighty (180) days of the submittal of the revised emissions
estimates, the permittee shall submit a revised Title V application
incorporating the revised emissiQns estimates and any other information
needed to update the application as a result of the revised emissions
estimates.

"New" Title V facilities (only applicable to facilities which become subject to
Title V permitting requirements (GAC Chapter 3745-77), as a result of
increased estimated GCNGC emissions from use of the updated emission
factors}

i.

ii.

Within thirty (30) days of submittal of the revised estimated emissions
(item #1 above), the permittee shall submit a revised "potential to
emit" determination for the facility to the Ohio EPA, DAPC,
Engineering Section and the appropriate District Office or local air
agency.

Within one year of submittal of the revised emissions estimates (item
# 1), the permittee shall submit a complete Title V permit application,
federally enforceable state operating permit application, or permit to
install application. EP"OHIO .' .......

DEC 30 95
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4 .. Emissions Fee Report (for facilities subject to the Title V regulations):

Within ninety (90) days of submittal of the revised estimated emissions (item #1),
the permittee shall submit a Fee Emission Report to the Ohio EPA, in accordance
with OAC Chapter 3745-78 and Ohio EPA Engineering Guide #61, for the most
recent completed calendar year in which the facility would be classified as a
"major" under the Ohio Title V regulations.

\

OHIO E.P.J\.

DEC 30 96
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AppendixB

Correspondence on
"Typical Operations"
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Ms. Tammy Hilkens
Envirorunental Supervisor
Ohio EPNDAPC
P.O. Box 1049
Columbus. OH 432I6-1049

Dear Ms. Hilkens:'

As promised at our Working Group meeting on Friday, February 7, 1997, enclosed is
information pertaining to the Ohio Cast Metals Association (OCMA) efforts to define a
"typical" core/mold making operation. The attached memo from Craig Schmeisser, RMT,
Inc., outlines the activities of the OCMA Typical Foundry SubCOmmittee and summarizes
the results. Also enclosed is a spread sheet that contains specific information about
core/mold making operations from approximately 50 foundries in Ohio contacted by
subcommittee members in a telephone survey. As we discussed, the efforts determined
what we had assumed earlier; due to great variation in operations of the individual
foundries, it is impossible to define a "typical" core/mold making operation.

In light ofthis result, under Item #4 ofthe MOD, we are recommending the following:

1. For the BAT study, assume the "typical" core/mold making operation is one that has a
throughput rate that will lead to VOC emissions near or equal to eight (8) pounds per
hour or forty (40) pounds per day using the emission factors that we have
recommended to the Agency.

2. OCMA's Typical Foundry Subcommittee will provide to you in the next two weeks
further descriptive information pertaining to what we believe constitutes a typical
core/mold making operation. Variables we plan to include are throughput rate,
storage time and size ofstorage area.

3. Once selected, OCMA's environmental consultant for the BAT analysis will be
responsible for working with the OCMA BAT subcommittee and the Working Group
to determine any other assumptions necessary for the BAT study. .

. )Iles Renlschler
, 1he Hamilton Foundry & Machine Co.



Ms. Tammy Hilkens
Page 2
February 21, 1997

Under this scenario, if it is determined that it is not cost-effective to control' voes: at selected
throughput rate(s), it should follow that controls for a lesser throughput rate will also not be cost
effective. IT it is determined that controls at the higher rate of throughput are appropriate, the
information should be extremely useful in determining at what throughput rate controls are not
economically justifiable.

Ifyou' have any questions concerning our recommendation, please do not hesitate to call.
. .

Per our discussion at the Working Group meeting, we are anticipating a response from the DAPC
concerning the OCMA recommended emission factors for potential vac emissions outlined in
my letter to Robert Hodanbosi on February 7, 1997. Per the Timetable, Item #4, we are to
determine these factors by February 28, 1997. We are looking forward to your response.

~lY'

~ss~~
Executive Director

cc: Mark E. Annstrong, OCMA President
William L. Tordo££, OCMA Secretary
Steve Wllson., OCMA Vice President for Enviromnental Affairs
Members ofthe OCMA Environmental Affairs Typical Foundry Subcommittee
AI Franks, Ohio EPA
Robert Hodanbosi, Ohio EPA
James A. Orlemann, Ohio EPA
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MEMORANDUM.

DATE:

TO:

FROM:

SUBJECT:

February 18, 1997

Mr. Russ Murray

Craig Schmeisser

PUCB/pUNB "Typical" Operations Subcommittee

f"

fui .

I thought I would try and bring the subcommittee to a close by issuing this memorandum. I have
attached the latest spreadsheet of collected data as prepared by Harry.

The subcommittee completed the following tasks:

• Created a datasheet to collect information relevant to identifying the typical
PUNB/PUCB operation;

• Contacted 50 foundries to discuss their coremaki.ng operations;
• Compiled the survey information into a spreadsheet; and
• Reviewed the information.to determine characteristics of the "typical" core/mold

making operation.

Findings and Conclusions

• 68% of the foundries contacted have at least one core or moldmaking operation utilizing a
. PUCB or PUNB binder systems.

• Over 30 coremaking operations were found using a PUCB binder system.
Only 4 moldmaking operations were found using a PUCB binder system.
Over 35 coremaking operations were found using a PUNB binder system.
Over 50 moldmaking operations were found using a PUNB binder system.

• Most configurations were one mixer supplying sand to one machine.

• Highly variable sand throughput rates were fotu1d for both'binder systems

... ..:.;.'.

PUCB Coremaking
PUNB Coremaking

- PUNB Moldmaking

140 to 18,000 lbs/hr
30 to 12,000 lbs/hr
47 to 40,000 lbs/hr

I

i' .",

• Range of time stored was variable; ranging from two to 72 hours. With the production and time
stored being highly variable, it follows that the storage areas will also differ substantially.
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2/18/97 TYPICAL CORE / MOLD MAKING OPERATIONS
INOmO

C.Box
Collector's Foundry Core or or No- Average Sand Range of

Name Number Mold Bake Thruput Max Sand Thruput Time Core Configuration

(Ibs/hr) (TPY) (Ibs/hr) (TPY) Stored
1 2 3 4 6 7 8" 9 12 13

CS 1 c cb 18000 2089 18000 8640 8

CS 1 c cb 18000 18000 6000 <2

21 Stations most
CS 7 c cb 1885 2587 have own mixer

CS 11 c cb 1426 8580 <12

CS 12 c cb 3000 1000

CS 15· c cb 2000 6480

As~umed for new
CS 15 c cb 2000 6480 core mach.

RM 2 c cb 15000 15000 20000 20000 16 Multiple Stations

1 Mixer /3
CS 5 c cb 140 220 <24 stations

CS 14 c cb 7200

CS 14 c cb 6000

cs 2 c nb 1875 5800 (24-72)

CS 4 c nb 4803 5764 (2-24) 1 Mixer / Station

CS 4 c nb 4803 5764 (2-24) 1 Mixer I Station

CS 10 c nb <1

CS 14 c nb 1352 3776

RM 1 c nb 400 48

RM 3 c nb (24-48)

RM 4 c nb <24

JA 1 c nb 160 528 2400 10512 (2-4) 5 core mach.

Revision 2
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C.Box
Collector's System Core or or No- Average Sand Range of

Name Number Mold Bake Thruput Max Sand Thruput TIme Core ConfiguraUon

(Ibs/hr) (TPY) (Ibslhr) (TPY) Stored
1 2 3 4 6 7 8 9 12 13

JA 2 c nb 39.71 38.9 8571 37543 7 core mach.

59130
JA 3 c nb 766.6/900 230/270 13500/900 3942 Core Ig/sm

JA 5 c nb 192 192 733.33 6716 <1= 1 day 3 core mach.

JA 6 c nb 30.4 31.57 2000 8760 2 core mach.

1 mixer & 1 core
JA 9 c nb 3000 1872 3000 13140 96 Max. mach.

1 mixer & 1 core
JA 10 c nb 12000 1080 18000 78840 mach.

1 mixer and 1 core
JA 11 c nb 1800 375.75 1800 1884 machine

JA 13 c nb

1 mixer and 1
JA 14 c nb 6000 507.2 6000 26280 core machine
JA 15 c punb 13,000 3266 13500 59130

1 mixer and 1 core
JA 16 c punb 1276 2249.1 6120 26805 machine

JA 17 c punb 3500 9000 5000 21900

5 Inter-changeable
core and mold

JA 4 c/m cb 4465 9n6 4465 19553 mach.
CS 2 clm nb 3656 7020 (8-10)

c: (8-48)
CS 5 c/m nb 468 508 m:(Sameday)

2 mach. - 1 does
48 cores 9 90% cores; 1 does

CS 9 c/m nb 44 66 molds 90% molds
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2/18/97

C.Box
Collector's System Core or or No- Average Sand Range of

Name Number Mold Bake Thruput Max Sand Thruput Time Core Configuration

(Ibs/hr) (TPY) (Ibs/hr) (TPY) Stored
1 2 3 4 6 7 8 9 12 13

CS 6 m cb 6000 21710

CS 6 m cb 6000 21710

CS 6 m cb 6000 21710

CS 6 m cb 6000 21710

CS 1 m nb 8625 19622 20060 69538 <2

CS 4 m nb 22415 26898 24 1 mixer & station

CS 12 m nb 4337 Max 3375

10,000 total
between 2

CS 13 m nb 10000 (1-3) machines

RM 1 m nb 48

RM 3 m nb (24-48)

RM 4 m nb <24

JA 1 m nb 500 170 6000 76280 2 mold mach.

JA 2 m nb 57.14 70.88 6000 26280 6 mold mach.

JA 3 m nb 96.13 115.33 1750 7665 3 mold mach.

JA 5 m nb 1054 1581 2680 11738 7 mold mach.

JA 6 m nb 323.13 336.06 4000 17520 6 mold mach.

3 mixers and 3
JA 9 m nb 18000 24837 72000 315360 mold mach.

3mullers and 3
JA 14 m nb 43067 12311 45200 127976 mold machines

3 muliers and 3
JA 15 m punb 38800 25872 42000 183960 mold mach.

2 mixers and 2
JA 17 m punb 12110 24030 13750 69225 mold mach.

Page 3
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March 13, 1997

Ms. Tammy Hilkens
Envi ronrncntal Supcrvisor
Ohio EPA - DAPC
P.O. Box 1049
Columbus,OH 43216-1049

Dear Ms. Hilkens:

1l1is letter is a follow-up to my Jetter of February 21, 1997. As promised, outlined below is
additional information from the OCMA Typical Found!)' Subcommittee to further' describe the
typical fou.qrjry phenotic urethane coldbox (PUCB) and no-bake (PUNB) mold/core making
operations for purposes ofthe BAT development.

Selection ofThroughput Rates and Maximum Annual Emissions

A~.s~d throughput rate will be seleCted such that total voe emissions from the emissions unit
(including storage) will equal 40 powlds per day. Bjt,1der additions will be 1% by weight of sand as
was used in the Round Robin Double Blind Study conducted by OCMA supplier members.
Catalyst usage will be assumed to be 10% by weight of binder.

For the acid scrubber, which is included in the "typical" PUCB operation, vendor design control
efficiency information or actual stack testing data will be used to estimate the catalyst emission
rate. An estimated capture efficiency of 99.5% \\~Il be used for the catalyst....... .

An annual maximum VOC emission of seven tons \\ ill be used based on 40 pounds of voe per
day at a production schedule of50 weeks per year and 7 days per week.

Storage Time

In the survey of Ohio foundries conducted by the OCMA Typical Foundry Operations
Subconunittce, the actual storage times in Ohio foundries varied widely and a typical storage time
could not be clearly identified. Dy taking the mean ofstorage time ranges, the average storage time
was found to be approximately 16 hours, though 15 of 24 systems surveyed were less than 12
hours (or a part of the range was below 12 hours).



.............

Ms. Tammy Hilkcns
:0.,1 Page 2

March 13, 1997

Because of the rlXJuircmcnt ofOAC :3745·21-07 (0) (5) which states that "emissions of organic material to
the atmosphere resulting from air or heated dl)~ng of products for the first 12 hours after their removal
from any at1ic1c, machine, tquipmcnt...shall be included with the emissions of organic materials..."and the
fact that the Round Robin Double Blind Study measured emissions for a 12 hour period, a storage time of
12 hours has been selccted for the BAT analysis of the typical o~ration .

....;
~:t

For the BAT analysis, the dimensions and ventilation parameters for the storage area will be detennined by
reviewing member foundry mold/core making operations and corresponding storage areas. TIle dimensions
ofihc storage area will then be the area necessary to store I? hours ofproduction at the selected throughput
rale.

... :

:.:.J

Should you have any questions, please contact me. We are anxious to move forward wiLl-t the BAT
analysis as discussed at our Working Group meeting on February 24, 1997. However, per the
memorandum of agreement, we need to reach agreement on tbe appropriate emission factors before the
BAT analysis can proceed. We are already behind schedule so we need to reach agreement as soon as
possible. Looking forward to your response.

~elY,

P:UtJ'~3--
Russ MurrayC-/
Executive Director

~ -:.
....•.

cc: Mark E. Annstrong, OCMA President
William L. Tordoff, OCMA Secretary
Steve Wilson, OCMA Vice President for Environmental Affairs
AI Franks, Ohio EPA
Robert Hodallbosi, Ohio EPA
Jamcs A. OrlemalUl, Ohio EPA
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PROTOCOL FOR VOC TESTING
FOR FOUNDRY BINDER SYSTEMS

lliTRODUCTION

The State of Ohio regulates VOC emissions from photochemically reactive materials
under OAC 3745-21. This regulation has the greatest impact on those foundries using the
phenolic urethane cold box and no-bake systems. The VOC emissions from these systems
during coremaking and core storage only are limited by this regulation to 8 pounds per
hour and 40 pounds per day from a given process. There are many ways to estimate the
emissions, but no one generally accepted emission factor has been established. The
purpose of this protocol is to establish a more accurate estimate of the VOC emissions
from the mixing, coremaking, and core storage when using phenolic urethane binders.

SCOPE
.

The major suppliers of foundry binders in Ohio, Ashland Chemical, Borden Industrial
Resins, and Delta Resins and Refractories have agreed to perform laboratory testing to "
determine VOC emissions during mixing, coremaking and core storage for the phenolic
urethane coldbox and no-bake systems. Each of the suppliers will supply to the other
laboratories samples of their most typical.systems sold in" the State of Ohio. The supplier
laboratories will test the resin systems using the "weight loss" method described below.

APPARATUS

1.
2.
3.

" 4.

Thermometer, 0-300 F accurate to 1 degree F.
Balance, 5000 g capacity accurate to O. I gram.
Sand mixer, Hobart N-50 with bowl and flat mixer blade.
Timer accurate to 1 second.

MATERIALS

. ...~

1.
2.

Wedron 540 washed and dried silica sand.
Resin systems to be tested.
Containers for resins and eyedroppers necessary to accurately transfer
resins and catalysts. .

U PROCEDURE

1. Weigh the mixing bowl and blade and record the data on the work sheet.

2. Add 3000 grams of Wedron sand at 72-77 degrees F to the mixing bowl.
OHIO E.P.tRecord the weight of the bowl plus sand.

DEC 30 SS



3. Add the prescribed amounts of Part I resins, Catalysts, a.nd Part II resins
to the sand mix being careful to keep resins away from the sides of the
mixing bowl. Record the weights of the components added.

. Phenolic Urethane
No-bake

Phenolic Urethane
Coldbox

Part I

i6.5 g

1~.5 g

Part II

13.5 g

13.5 g

Catalyst

0.5 g

NA

r~,
'L... - .

.~. :..

{.

4.

5.

6.

Insert the mixing blade into the boy.rl and record the weight of the bowl,
blade, sand, and resin components.

Mix for 2 minutes at speed #1 then record the weight ofthe bowl, blade, °

sand and resin components. Record the difference of the weight in step 4
and step 5 as the vac emissions during mixing.

Place the bowl. blade. sand and resin component mix in an area kept
between 72 and 77 deg'rees F free ofair flow variations. Record the weight
ofthe undisturbed sand mix at 30 minutes. 1 hour and every hour until the

./0 •
mix lS 12 hours old. 'Record the incremental vac loss at the end ofeach
time period and the total vac loss (difference from the weight in step. 4).

m~\O E.P.A.

DEC 30 95
- 1oR'S .lO\.ti{H:~~·.

]:I£I\(OOliltC
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Supplier Laboratory Results
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WOI: 10766
Orlgfnator: Greg Sturtz

'. ""'II"P l' Nl'! '\I! I U 1\ I • 1.k I ./1L.

COMPANY: Ashland Chemical· OCMA
ADOOESS: Dubtin. Ohio
DUE: 1/B/97
OBJECTIVE: Determine VOC ernmlmos using ·Welgliloss Method· on typica1 phenolic urethane cotbox and nobake syst9me from ACME, OELTA and ASHlAND.

SAfI>: Wedron 540
BALANCE: Meltler PE 16 'C2.9707

JI!..1 Iatl 11I1 AVERAGE

AESm PT1 OElTATechnlkureA Borden PUCB IColdbo&: Ashltnd ISOCURE A POOnoUc Urethane CoklJox

RESIN PT2 OElTATechnlbnB Bordefl PUCB /I CoIdbox AIhland lSOCUAE B Blndu system

~l h:remen\al VOC'. TotIiI YOC'. W~ InmmentaI VOC'. TobiVOC'. ~ IncnmtntaI VOC'. TobI! VOC'. Incremental VOC'. ToIaIVOC's

B410re Wlx 4178.4 . . 4234.7 . . 4360.5 - . - .
Anerl.lx 4178.4 0.0 0.0 4234.8 O{}.1 -0.1 4360.5 0.0 0.0 0.0 0.0

Al30Uln 4178.4 0.0 0.0 -4234.7 0.1 0.0 4360.2 0.3 0.3 0.1 0.1

Ati Hour 41785 -OJ -0.1 -4234.6 0.1 0.1 4360.1 0.1 0.• G.O 0.1

AI2 HOlI' -4178.3 0.2 0.1 4234.5 0.1 0.2 4360.0 0.1 O.S 0.1 0.3

A.t3 Hour 4178.2 0.1 0.2 4234.5 OJ} 0.2 4360.0' 0.0 0..5 0.1) 0.3

A.t4 Hour 4178.1 0.1 0.3 4234.3 0.2 0.4 4360.0 o.a 0..5 0.1 0.4
At6 Hour 4177.9 0.2 0..5 4234.2 0.1 0.5 ~.9 0.1 0.6 0.1 0.5

At6 Hour 4177.9 0.0 05 4234.4 ~.2 0.3 mg.7 0.2 0.8 0.0 0.5
At7Hour 4177.9 0.0 0.5 4234.3 O.t 0.4 4359.6 O.t 0.9 O.t 0.6
At8How 4177.8 OJ 0.6 4234.2 0.1 0.5 4359.6 0.0 0.9 I 0.1 0.7
AI~HOIK 41n.7 0.1 0.7 4234.2 0.0 0.5 435Q.5 0.1 1.0 O.t 0.7

At 10 Hour 41n.S 0.2 0.9 4234.1 0.1 0.5 4350.5 0.0 1.0 0.1 0.8
At 1t Hour 4177.5 0.0 0.9 4234.0 0.1 0.7 435U 0.1 1.1 0.1 0.9

A.l12 HooT 4177.5 0.0 0.9 4234.0 0.0 0.7 43,Sg,3 0.1 1.2 (l.D 0.11
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WOI: 10766
OrigInator: Greg Sl1.ItZ:

COWPAHY: Ashland Chemk:al· OCMA
AOORESS: Dublin, OhIo
VA TE: 118197
OBJECTIVE: Defannina vee errrnlslons U8ilg~ l.oes Method· on typlcal phenolic urethane cdlfxlIllld nohake systeml from N::JJE., DEl.T... and ASK..ANO.

SJJlD: Wedron 540
BAt.ANCE: Manier PE 16 iE297to

!W JIll IIli AVERAGE
RESIN PT1 DELTA TecMllelA BOC1.Wn PUNB t A.ahl&nd PEP SET A PbonoUc Urettwle No-Bake.
REStHPT2 Borden PUNS II "'bland PEP SET 0 BIm.r$ydImDEl.TA Technlaet B
~ I~VOC'. TobIVOC'. ~ InmnlllrtJl Woe'. TOCIIYOC'. ~ yOC'. T*voc-. I..enmlulll YOC'. TotaIYOC't

BamUlx 4298.8 . - 4347.7 . . 4346.9 . . - .
Aller 1111 ~.4 0.4 0.4 ~7.1 0.6 o.a 4346.6 0.3 0.3 0.4 0.4

At30Uln .4298.3 0.1 0.5 4347.0 0.1 0.7 4346.3 0.3 0.6 02 0.6

At 1HOlt' .(298.1 0.2 0.1 43~5.9 0.1 0.3 4348.3 0.0 0.6 0.1 0.7
At2Hour 4296.0 0.1 0.8 4346.8 0.1 o.~ 4348.1 0.2 0.' 0.1 O.B

At3 Hour 4291.9 0.1 OJ) 4346.6 0.2 1.1 4346.0 0.1 O.g 0.1 1.0
A1 4Hour 4291.6 0.3 1:2 4346.4 0.2 1.3 4345.8 0.2 U 0.2 1.2
At5 Hour 4297.6 0.0 1.2 -4346.4 0.0 1.3 4345.7 0.1 1.2 0.0 1.2

At6 Hour 4297.5 O.t 1.3 4346.3 0.1 1.4 4345.6 0.1 1.3 0.1 1.3

At7Hour 4297.4 0.1 1.4 4340.3 0.0 1.4 4345.5 0.1 1.4 0.1 1.-4
At 8 Hour 4297.3 0.1 1.5 4346.1 0.2 1.6 4345.5 0.0 U O.t 1.5
AI gHour 42JTl.2. 0.1 1.6 4346.1 0.0 1.6 4345..5 0.0 U OJ) 1.5
Al10Houl' 4297.2 0.0 1.6 .c~5.9 0.2 1.8 4345.3 0.2 1.6 0.1 1.7

At 11 How ~7.2 0.0 1.6 .(345.9 0.0 1.8 43452 0.1 1.1 0.0 1.7

AUtMN ~7.t 0.1 1.7 ~.8 0.1 1.9 43C5.2 0.0 1.7 0.1 1.8

P.IIU· ~
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COMPANY: BORDEN CHEM ICAL, INC.
rwDRESS: FOREST PARK. IL
0';TE: 1127/97
OBJECTIVE: DETERMINE VOC EMISSIONS USING THE OCMA'S SANCnONED W1EGHT LOSS METHOD ON TYPiCAl PHENOLIC URETHANE COLDBOX AND NOBAKE SYSTEMS FROM ASHLAND. BORDEN. AND DELTA

COLD BOX

Mixture Number 1 IMixture Number 2 Mixture Number 3 AVERAGE
Average of Dupficate Runs Average of Dupficate Runs Average of Duplicate Runs

f ,o,J PT 1 DELTA TECHNIKURE PT IC BORDEN SIGMA CURE 7100 ASHLAND ISOCURE lA
Phenolic Urethane Cold Box

RESIN PT2 DELTA TECHNIKURE PT liD BORDEN SIGMA CURE 7500 ASHLAND ISOCURE liB Binder System

I Incremental Total Incremental Total Incrementa Tolal Incrementa Total. I Weicht VOC's VOC's Weicht VOC's VOC's WeiOht VOC's VOC's VOC's VOC's
BEFORE Mix 3944.1 - - 3943.0 . . 3943.0 - . - .
AFTER 2 MIN MIX 3944.1 0.0 0.0 3942.8 0.0 0.3 3942.8 0.0 0.2 0.0 0.1
30MIN 3944.0 0.1 0.1 3942.6 0.1 0.4 3942.3 0.5 0.7 0.2 0.4
1 HOUR 3943.9 0.1 0.1 3942.6 0.1 0.4 3942.3 0.0 0.7 0.0 0.4
2HOUR 3943.7 0.2 0.3 3942.6 0.0 0.4 3942.3 0.0 0.7 0.1 0.5
3HOUR 3943.6 0.1 0.4 3942.5 0.1 0.6 3942.1 0.2 0.9 0.1 0.6
4HOUR 3943.5 0.1 0.5 3942.5 0.0 0.6 3942.0 0.1 1.0 0.1 0.7
5HOUR 3943.5 0.0 0.5 3942.4 0.1 0.6 3941.9 0.1 1.1 0.0 0.7
6HOUR 3943.5 0.1 0.6 3942.4 0.0 0.6 3941.9 0.0 1.1 0.0 0.8
7HOUR 3943.5 0.0 0.6 3942.4 0.0 0.6 3941.8 0.1 1.1 0.0 0.8
8HOUR 3943.4 0.1 0.6 3942.4 0.0 0.6 3941.8 0.0 1.1 0.0 0.8
9HOUR 3943.4 0.0 0.7 3942.4 0.0 0.6 3941.8 0.1 1.2 0.0 0.8
10 HOUR 3943.3 0.1 0.7 3942.3 0.1 0.7 3941.7 0.1 1.3 0.1 0.9

Wt°UR 3943.3 0.0 0.7 3942.3 0.0 0.7 3941.7 0.0 1.3 0.0 0.9
17 'JR 3943.3 0.1 0.8 3942.3 0.0 0.7 3941.7 0.0 1.3 0.0 0.9

I
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COMPANY: BORDEN CHEM ICAl. INC•
• ADDRESS: FOREST PARK, Il

"UATE: 1127/91
OBJECTIVE: DETERMINE voe EMISSIONS USING THE OCMA'S SANCTIONED W1EGHT lOSS METHOD ON TYPiCAl PHENOUC URETHANE COlDBOX AND NOBAKE SYSTEMS FROM ASHLAND. BORDEN. AND DELTA

NO BAKE

Mixture Number 1 IMixture Number 2 Mixture Number 3 AVERAGE
Average of Duplicate Runs Average of Duplicate Runs Average of Duplicate Runs

;IN PT 1 DELTA TECHNISET PT IA BORDEN SIGMA SET 6100 IASHLAND PEPSET IA
Phenolic Urethane No Bake

RESIN PT2 DELTA TECHNISET PT liB BORDEN SIGMA SET 6500 iASHLAND PEPSET liB Binder System

Incrementa Total Incrementa Total !ncremental Tolal Incremental Total
, Weicht VOG's voe's Weight VOC's VOC's Weioht VOC's VOC's VQC's VOC's

BE:fORE MIX 3951.3 . . 3951.0 . . Js:>1.2 . . . .
AFTER 2 MIN MIX 3951.0 0.0 0.3 3951.3 0.0 0.3 3951.0 0.0 0.2 0.0 0.3
30MIN 3950.6 0.4 0.8 3950.9 0.4 0.6 3950.9 0.1 0.3 0.3 0.6
1 HOUR 3950.5 0.1 0.9 3950.7 0.2 0.8 3950.5 0.4 0.7 0.2 0.8
2 HOUR 3950.3 0.2 1.0 3950.5 0.2 1.0 3950.5 0.1 0.8 0.1 0.9
3 HOUR 3950.2 0.1 1.2 3950.4 0.1 1.1 3950.3 0.2 0.9 0.1 1.1
4 HOUR 3950.2 0.0 1.2 3950.4 0.0 1.1 3950.3 0.0 1.0 0.0 1.1
5 HOUR 3950.1 0.1 1.3 3950.2 0.2 1.3 3950.1 0.1 1.1 0.1 1.2
6HOUR 3950.0 0.1 1.3 3950.2 0.1 1.4 3950.1 0.1 1.2 0.1 1.3
7 HOUR 3949.9 0.1 1.4 3950.2 0.0 1.4 3950.0 0.1 1.2 0.1 1.3
8 HOUR 3949.9 0.0 1.4 3950.1 0.0 1.4 3950.0 0.0 1.3 0.0 1.4
9 HOUR 3949.8 0.1 1.5 3950.1 0.1 1.4 3949.9 0.1 1.3 0.1 1.4
10 HOUR 3949.8 0.0 1.6 3950.1 0.0 1.4 3949.8 0.1 1.4 0.0 1.5
~HOUR 3949.7 0.0 1.6 3950.0 0.1 1.5 3949.8 0.0 1.4 0.0 1.5
~. )UR 3949.7 0.1 1.7 3950.0 0.1 1.6 3949.7 0.1 1.5 0.1 1.6

I
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;':eport Number:
Date:
Customer:

13:37 F.~ 131336a~2 DELTA RESINS

OELTA RESINS & REFRACTO~E$
(Page 2 of 3) TSR ,:

01105197
OCMA

...,,
~003

i .
EJ

ObJeetIve
N3i:lt In ~tablW\ln9 II more acc:urete estimate of tM VOC em~lons from the mixing. core­

making. and stoc"age~n using phenolic umhal18 bindel$.
The major suppl~~ o( foundry binders In Ohio - Ashland Chemical, Borden IndustlUl Resins, &

Delta Re3ins and Refraet~have eg~ to perfonn Iaboratoty testing to determine vee
emls~oNl during mbdng, coremeklng. and core atorage o( the phenolic ure1hane coldbox .nd
n<>bake aystems. Each of the :supplier.! will :wpp!y to the ether b!botatcrles, sample3 of their
most typlcal systems aold in the State of Ohio. 1M $upplier Laboriltorles will test the relin
systems U$lng the "weight loss" method desabed on page one.

sand Test Parameters
%Rel. Humidity:

Sand Type:
% Resin:

22%
Wedron 540 I
1.00 R<rtio: 55

II
45

Room Temp: n"F
S80d Temp: n·F

r-,;
..

Part I
Batch

PZlrl II
Batch

194()'2

Mixing Wt Loss

1$130 Min 'Nt LoGs
Cumulative 'M. Loss

200 30 Min Wt loss;
CumulaUve WI. Loss

2nd Hr wt Loss
Cumul3.tive wt.. Lou

3rd Hr Wt. LOlllJ
Cumulative wt. Loss

"tn Hr vvt l.os$
'Cumulative WI. Loss

5th Hr'Nt Loss
Cumulatlve wt. l..o$$

6th Hr Wl Loss
Cumulative \Nt. LoS$

7~ Hr 'Nlloss
c' ·;ny:a~·~ .. Wl Ll.i!>"

8th Hr Wt Loss
Cumulative 'Nt. Loss

9th Hr Wt Loss
Cumulative 'Nt. Loss

10th Hr WI. loss
Cumulative 'Nt. loss

11th Hr Wt. Loss
Cumulative Wt. Loss

12th Hr 'Nt Loss
Cumulative wt.. Loss

1 2
SCCB Ptl TI< Ptl C

T..e178 E0210.0

SC CB Ptll T1<PtIl 0
T...5179 E0211.0

Sand Te3ting Results
1 2
-0.13 -<l.19

-0.15 -0.17
-<l.28 -<l.36

-o.OS· -<l.10
'-0.36 -0.48

..0,06 -o.OS
-0.42 -0.54

-0.07 -o.OS
-0.49 -0.62

-0.08 -0.08
-0.57 -0.70

..0.05 ..c.oa
-0.62 -<l.7S

-0.04 -0.07
-0.66 -0.85

-0.04 -0.07
-0.70 -0.92

-0.03 -0.07
-0.73 -0.99

-0.05 -0.05
-0.78 -1.04

-0.03 -<l.04
-0.81 -1.08

-0.02 -0.05
-0.83 -1.13

-0.02 -0.06
-0.85 -1.19

3
Ie IA

T-S127

IC liB
T-5128

3
-0.23

-0.17
-0.40

-0.12
-0.52

-<l.og
-0.51

-0.10
-0.71

-0.08
..c,79

-0.06
-0.85

-0.05
-0.90

-0.07
-0.97

-0.05
-1.02

-0.04
-1.06

-0.04
-1.10

-0.03
-1.13

-0.04
-1.17

12 -18th HrWt Loss
Cumulative Wl Loss

Copies to: DMTIDMH IDJHJ SSJIRLS

-0.10 -0.26 -0.16
-0.95 -1.45 -1.33

Originator Stone

3
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TIlE 13:38 FAl'. 131336~2 DELTA RESINS

DELTA RESINS & REFRACTORIES
TECHNLSET - NO BAKE

I4J 004

Report Number.
Date:
Customer:

01~7

OCMA

(page 3 of 3) TSR.: 19<40-2

O~
Ass~t In e$tabfl&hlng a more aceur$ ulimate at the vee emissions from the mbcing, core­

making, and ctorage when using phenolic uretharnli bindets.
The major suppliClf'S (J( foundry binders In Ohio - Ashland Chemlca~ Borden Industrial Raim, "­

DeIt.a Resins and Refractorles have egreed to penonn Iabondory le$ting to determine voe
emi:s$ionG durIng mixing, corvmaldng, llInd core stonlge of the phenolic urethana coldbox and
no-bel<e 8)'3tems. Each of the $UPpI&rs wm luppty to theothtr~.sampm of their
most typlcallly~me $¢Id In the State of Ohio. Tha cuppliar bboralcriea Wl'U &e$t the rocln
Iystems willg the "weight loss- mettlOd de$Cribad on page one.

sandT..tPa~

....
%Rel, Humidity:

Sand Type;
% Re$ln:

Part I
Batch

PattI!
6«td1

Catalyst
Satch

22%
Wedron 640 I
1.00 Ratio: ~

"T5 PI IA
E0208.0

TSptllB
E0209.0

17·737
PT064B

II
45

;
PSIA

T-5125

PSIIB
T-6126

17-737
PT064B

e'
SS NB ptt

T-8180

SS NBptll
T-5161

17-737
Pl"OMB

Room TGmp: 72"F
Sand Temp: 72"r

% Cat (BOP! I 3.00

Band T88tfng Results
456
-0.23 -0.30 -0.44

..
~j

',-'
~-,:.;

1Q40-2

Mixing Wt Los"

1$1 30 Min WI. Loss
Cumulative Wl Loss

2nd 30 Mlo WI LO$$
Cumulative Wl Loss

2nd Hr WI. LOG$
Cumubtlvll Wl l.o5s

:Srd HrWtL~$
Cumubtlve \Nt.. Loss

4th Hr 1M Loss
Cumul.o\ive Wl Loss

5th Hr WI. Loss
Cumulative Wt. Loss

5th Hr \Nt Loss
Cu",ulatlva WI. Loss

7th Hr VVt l.OU
Cumu~Wl Loss

6th Hr WI. Lo$$
Cumulative \Nt.. Loss

llth Hr'M Loss
CumulatTve WI.. La"

10Ch HrWt Loss
Cumulative WI. Loss

11th HrWt LoS!
CumuJatlva WI. Loss

12th HrWt Loss
Cumulative Wl Loss

12 - 1eth Hr wt LOM

Cumul4llive Wl Loss

-0.29
-0.52

-0.19
-0.71

-0.21
-0.92

-0.14
-1.06

-0.12
-1.18

-tI.10
-1.28

-tI.12
-1,40

-0.08
-US

-0.08
-1.56

-a.OS
-1.64

-0.06
-1.70

-0.06
-1.76

-0.05
-1.81

-0.28
-2..09

-0.30
-0.50

.0.13
-0.73

-0.21
-0.9-4

-0.15
-1.09

-0.15
-1..2.4

-0.11
-1.35

-0.11
-1."6

-o.O~

-1.55

-0.10
-1.65

-0.07
-1.n
-0.06
-1.78

-tI.Q3
-1.81

-0.06
-1.67

-0.35
-2.22

-0.38
-0.82

-0.10
-0.92

-0..20
-1.12

-0.14
-1.26

-0.13
-1.39

-0.10
-1.49

-0.06
-1.55

-0.09
-1.64

-0.03
-1.e7

-om
-1.74

-0.10
-1.84

-0.07
-1.91

-0.06
-1.97

-0.28
-2.25

Copies to: DMTIDMH IOJI-V SSJIRLS Originator: Stone
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Appendix C-3

Summary of Test Results
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PUCB Test Results
% Resin Loss

3 4 5 6 7 9 10

~~~~$j~~._~_~.. iiM,_ti '~' ~ _._~._~_.~
2.00 2.00 2.00 2.00 2.00 2.00 2.33

Della I 0.00 I 0.33 I 0.33 I 1.00 I 1.33 I 1.67 I 1.67 I 2.00 I 2.00 I 2.00 I 2.33 I 2.33 I 2.33 I 2.67
2.33 2.33 3.00 3.33 3.67 4.33 4.33

.~,. ~i ," .. -, , ~".'~"~~~~~
1.20 1.40 1.63 1.90 2.07 2.70 :2.77

Della I 0.63 I 1.20 I 1.53 I 1.80 I 2.07 f 2.33 I 2.60 I 2.83 I 3.07 I 3.30 I 3.47 I 3.60 I 3.77 I 3.97
2.37 2.63 3.53 3.67 3.77 3.90

~":';'::"';~J......"-";;";';"'-+'-".,.,.........,.,.,...-+'-:-...,...,,..,,~~==:-h:-=. M~":"l!~.M~"'_=·~::-:::=,M.~~==~===+:-= ~:"~~~1~""'~l
t:":..:.=":'::":"~~~~..;..,.I,J;~~-+=~~=t'''''''':~~I''=-='",:::n-='''~;~ .....<"'h,,,,~,~'-t.1I'"1':?'O::;"~""t-"~~=t'~~=t=~ "" '.J..~ ........~"'....'

0.66 1.33 1.67 2.00 2.33 2.33
Delta I 0.00 I 0.00 I 0.00 I 0.33 I 0.66 I 1.00 I 1.67 I 1.67 I 1.67 I 2.00 I 2.33 I 3.00 I 3.00 I 3.00
Ashland I 0.00 I 1.00 I 1.33 I 1.67 I 1.67 I 1.67 I 2.00 I 2.67 I 3.00 I 3.00 I 3.33 I 3.33 I 3.67 I 4.00

Average I 0.39 I 0.94 I 1.12 I 1.39 I 1.71 I 1.98 I 2.24 I 2.34 I 2.48 I 2.61 I 2.81 I 3.03 I 3.14 I 3.26
% ofTotall 11.92 I 28.78 I 34.43 I 42.75 I 52.42 I 60.83 I 68.73 I 71.66 I 75.95 I 79.94 I 86.04 I 92.95 I 96.39 I 100.00

VOC Emission Factor Based on 12-Hour Storage

VOC Emissions Factor = 3.26% x 30 g resin x 2000 #

100 x 3000g sand x 1 ton
= 0.65 # VOC/ton sand

i:\wpcol\pjl\OQ-02211\04\t221104b 3130/98
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PUNB (No Bake) Test Results
% Resin Loss

6.46
5.93
6.13

~.~
6.23
5.57
5.57
5.74

100.00

vac Emission Factor Based on 12-Hour Storage

vac Emissions Factor = 5.74% x 30.5 g resin/catalyst x 2000 #
100 x 3000g sand x 1 ton

= 1.17 # VaC/ton sand

i:\wpcol\pjt\OO-02211\04\t221104b 4/15/98
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Supporting Calculations
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Appendix D-l

Exhaust Ventilation Calculations
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PUCB Core Production/Storage (Scenario # 1):

Emission Rate (ER)

Catalyst Emission =1 ton resin
100 ton sand

x 10 ton catalyst x (100-98.5) x 2000 #
100 ton resin 100 1 ton

,.-.'""

I

=0.03 # catalyst/ ton sand

Overall VOC Emission =(0.65 # / ton) + (0.03 #/ ton)

=0.68 #VOC/ton sand

Sand TItroughput Rate @ 40#VOC/day = 40#VOC x 1 ton sand
. . 1 day 0.68 #VOC

=58.8 ton sandiday

=7.35 ton sand/hour

Production:

VOC Emission Rate =58.8 ton sand x 0.65 #VOC x 28.8 x 1 day
1 day 1 ton sand 100 8 hours

=1.37 #VOC/hour

TEA Emission Rate =58.8 ton sand x 0.03 #TEA x 1 day
1 day 1 ton sand 8 hours

= 0.22 #TEA/hour

Total Organics =1.37 + 0.22 =1.59 #/hour

Local Exhaust Ventilation Rate =2000 CFM serving the core machine enclosure and sealed core
box vent.

1:\wpcol\00-02211\04\r221104f
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Storage:

The size of each batch is assumed to be equal to 30 minutes of production.

Hourly emission rate per batch = 58.8 ton sand x 1 day x 0.65 #VOC x 71..2 x 1
1 day" 2x8 batches 1 ton sand 100 11.5 hours

= 0.148 #VOC per hour per batch

From storage area emission profile (Figure 1),
maximum 8 hour TWA emission rate = 2.11 #VOC/hour

= 2.11 = 0.035 #VOC/minute
60

Dilution Ventilation (D)

CF air/ # Solvent evaporated = 387 x 106 x K (AIHA Engineering Field Reference Manual)
Cx24.5

where K =Mixing Factor (or Safety Factor)
C =Target Workplace Concentration in mg/m3

For C = TLV® x 0.10 = 525 x 0.10 = 52.5 mg/m3,

CF air/ #solvent evaporated = 387 x 106 x 3.5
52.5 x 24.5

= 1.053 x 106

Total airflow rate

Airflow rate through NDO

= (1.053 x 106 ) x (0.035 # VOC/minute)

=36,855CFM

= 10 ft x 10 ft x 200 ft/minute

=20,000CFM

" ,

~ ',.

"L

Airflow through make-up air distribution system = 36,855 - 20,000 = 16,855 CFM

1:\wpcol\Oo-02211\04\r221104f
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PUNB Core Production/Storage (Scenario '# 2):

Production:

Sand Throughput Rate @ 40'#VOC/day: 40'#VOC x 1 ton sand
1 day 1.17 #VOC

=34.2 ton sandiday

VOC Emission Rate = 34.2 ton sand x 1.17#VOC x 34.5 x 1 day
1 day 1 ton sand 100 8 hours

=1.73 '#VOC/hour

=0.029 #VOC/minute

Dilution Ventilation (0)

CF air/ # Solvent evaporated = 387 x 1Q6 x K (AIHA Engineering Field Reference Manual)
Cx24.5

where K =Mixing Factor (or Safety Factor)
C =Target Workplace Concentration in mg/m3

For C =TLV® x 0.10 =525 x 0.10 =52.5 mg/m3,

CF air/#solvent evaporated = 387 x lQ6 x 3.5
52.5 x 24.5

= 1.053 x 1Q6

Total airflow rate =(1.053 x 1Q6 ) x (0.029 VOC/minute)

=30,537 CFM

Airflow rate through NDO =10 it x 10 it x 200 it/minute

=20,000 CFM

Airflow through make-up air distribution system =30,537 - 20,000 = 10,537 CFM

1:\wpcol\00-02211\ 04\r221104f
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Storage:

The size of each batch is equal to 30 minutes of production.

Hourly emission rate per batch = 34.2 ton sand x 1 day x 1.17 #VOC x 65.5 x 1
, 1 day 2x8 batches 1 ton sand 100 11.5 hours

= 0.142 #VOC per hour per batch

I"~
,~ ;

From storage area emission profile (Figure 2),
maximum 8 hour TWA emission rate = 2.02 #VOC/hour

=2.02 = 0.034 #VOC/minute
60

Dilution Ventilation (0)

CF air/# Solvent evaporated = 387 x 106 x K (AlliA Engineering Field Reference Manual)
Cx24.5

For C =TLV® x 0.10 =525 x 0.10 =52.5 mg/m3,

CF air/#solvent evaporated = 387 x 1Q6 x 3.5
52.5 x 24.5

= 1.053 x 106 .

Total airflow rate =(1.053 x 106 ) x (0.034 # VOC/minute)

=35,802CFM

Airflow rate through NDO =10 It x 10 ft x 200 ft/minute

=20,000 CFM

Airflow through make-up air distribution system =35,802 - 20,000 =15,802 CFM

1:\wpcol\00-02211\04\r221104£



PUNB Mold Production/Storage (Scenario # 3):

Sand Throughput Rate @ 14 #VOCjhour = 14#VOC x 1 ton sand
1 hour 1.17 #VOC

= 11.97 tons per hour

= 11.97 x 16 hours/day

= 191.5 tons / day

Production:

VOC Emission Rate = 14 #jhour x 34.5% = 4.83 #VOC/hour =0.081 #VOCjmin.
100

Dilution Ventilation (0)

CF airj# Solvent evaporated = 387 x 106 x K (AIHA Engineering Field Reference Manual)
Cx24.5

where K = Mixing Factor (or Safety Factor)
C = Target Workplace Concentration in mgjm3

For C = TLV® x 0.10 = 525 x 0.10 = 52.5 mgjm3,

CF air j #solvent evaporated = 387 x 106 x 3.5
52.5 x 24.5

I· = 1.053 X 106

~.

Total airflow rate = (1.053 x 106 ) x (0.081# VOC/minute)
~.
~\\'ii:

~ = 85,293 CFM

Airflow rate through NDO = 10 ft x 10 ft x 200 ftjminute

=20,000CFM

Airflow through make-up air distribution system = 85,293 - 20,000 = 65,293 CFM

1:\wpcol\OO-02211\04\r221104f



Storage:

The size of each batch is equal to 30 minutes of production.

Hourly emission rate per batch = 192 ton sand x 1 day x 1.17 #VOC x 65.5 x 1
1 day 2x16 batches 1 ton sand 100 11.5 hours

r~

i
\'
i'
r •. :

, -

\
~ ;

t"

= 0.400 #VOC per hour per batch

From storage area emission profile (Figure 3),
maximum 8 hour TWA emission rate = 8.9 #VOC/hour

=8.9 = 0.148 #VOC/minute
60

Dilution Ventilation (D)

CF air/# Solvent evaporated = 387 x 106 x K (AlliA Engine<=>..ring Field Reference Manual)
Cx24.5

where K =Mixing Factor (or Safety Factor)
C = Target Workplace Concentiation in mg/m3

For C = TLv® x 0.10 = 525 x 0.10 = 52.5 mg/m3,

CF air/#solvent evaporated = 387 x 106 x 3.5
52.5 x 24.5

11.',-,
~J Total airflow rate

= 1.053 x 106

= (1.053 x 106 ) x (0.148 # VOC/minute)

=156,204 CFM

f' ,.

, I

Airflow rate through NDO =10 ft x 10 ft x 200 ft/minute

=20,000CFM

Airflow through make-up air distribution system =156,204 - 20,000 = 136,204 CFM

1:\wpcol\00-02211\04\r221104f



Scenario 4

Scenario 4
PUCS Core Production/Storage

Emission Rate (ER)

Catalyst emission = _---,..:,1~-..::to::.n:..:r-=es;::i~n-_+...;..;..~1::::0:_~::.:..:=;::z.;::.:....j----,:.~-_l_-=:2000~:-....~lb::::s~--
100 ton sand 100 1 ton

= 0.03 pounds catalystJton sand

Overall VOC Emission = 0.65 Ibslton
+ 0.03 Ibslton
--:0:-:-.6:::8~-lbs VOC/ton sand

117.6 ton sand/day

117.6 ton sand
1 day

1.38 Ibs VOClhr

117.6 ton sand
1 day

0.22 Ibs TEAlhr

1.38 IbsVOClhr
0.22 Ibs TEAlhr
1.60 Ibslhr

1 ton sand

day
hrs16

da
hrs16

day
hours

1 ton sand

16

0.65 IbsVOC

0.03 Ibs TEA

ton sand
hours

7.35=

=
Production

VOC Emission Rate =

=
TEA Emission Rate =

=
Total Organics =

+

, ;, '

~ ~

Local Exhaust Ventialtion Rate =2000 CFM serving the core machine enclosure and sealed core box vent

Storage

The size of each batch is assumed to be equal to 30 minutes of production.

Hourly emission
rate per batch =__1:..;1~7.:.:.6:.-_t:;:o:::n~s::::an:.:.:d=----t_-i;;--~~;:-:-::---+_-=0:::.65=-_7Ib:.::s...:V~O:.:C=.-f-..:;.;~-+_:-:1~_.,-- _

1 day 1 ton sand 11.5 hrs

it
,". I

l,j : = 0.15 Ibs VOClhrlbatch

, ..
,',
" '.

From storage area emission profile maximum 8-hour TWA emission rate =3.2931bs VOClhr

3.293
60

Ibs VOClhr
minuteslhr

= 0.055 Ibs VOC /minute

(.~ ;
: ..~ ;

:':ll
:..::, ;
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Scenario 4

Dilution Ventilation (D)

CF airllbs solvent evaporated =387 x 10e x K I C x 24.5 (AIHA Engineering Field Reference Manual)

where K =Mixing Factor (or Safety Factor)

C =Target Workplace Concentration in mglm
3

For C =TLVxO.10 =525xO.10 =525 mg/m
3

CF air/lbs
solvent evaporated = 387 1.E+06 3.5

52.5 24.5

= 1.OS3E+06

Total airflow rate = 1.OS3E+061 0.055 /bsVOC
minute

= 57796 CFM

Airflow rate
through NDO = 10 feet 10 feet 200 feet

minute

= 20000 CFM

Airflow through make-up air distribution system = 57796 CFM
20000 CFM
37796 CFM

1:\wpcol\pjt\QO-02211\04\T2211 04e.xls



Scenario 5

Scenario 5
PUNS Mold Production/Storage

Production

Sand Throughput 18
1

tons sand I
hr

. 16
1

hrs
day

= 288 tons sand/day

vac Emission Rate =__1..:.;8;.-._-;t,;.;on~s:;..;s;;,;;a;;.;n~d+---:.;1.;.;,1.;..7_...:,;lb;;,;;s:;..;V::..;a;;.C~+-_3;;.4.:.:..5~_

hr ton sand 100

=
=

Dilution Ventilation (D)

7.2657
0.121

Ibs VaClhr
Ibs VaC/min

~:
~'

CF airllbs solvent evaporated =387 x 1OB X K / C x 24.5 (AIHA Engineering Field Reference Manual)

where K = Mixing Factor (or Safety Factor)
C = Target Workplace Concentration in mglm3

For C = TLV x 0.10 = 525 x 0.10 = 52.5 mglm3

CF air/lbs
solvent evaporated = 387 1.E+06 3.5

52.5 24.5

= 1.053E+06

Total airflow rate 1.053E+061 0.121 IbsVaC
minute

= 127520 CFM

Airflow rate
through NDa 10 feet 10 feet 200 feet

minute

= 20000 CFM

Airflow through make-up air distribution system 127520 CFM
20000 CFM
107520 CFM

1:\wpcol\pjt\00-02211\04\T221104e.xls



Scenario 5

Storage

The size of each batch is assumed to be equal to 30 minutes of production.

Hourly emission
rate per batch = 288.0

1
ton sand
day

1.17
1

IbsVOC
ton sand

1
11.5 hrs

= 0.60 Ibs VOC/hrlbatch

From storage area emission profile maximum 8-hour TWA emission rate =13.350 Ibs VOC/hr

=

=

Dilution Ventilation (D)

13.35
60

0.223

Ibs VOC/hr
minutes/hr

Ibs VOC Iminute

CF airl1bs solvent evaporated =387 x 108 x K I C x 24.5 (AIHA Engineering Field Reference Manual)

where K =Mixing Factor (or Safety Factor)
C =Target Workplace Concentration in mglm3

For C =TLV x 0.10 =525 x 0.10 =52.5 mg/m3

CF air/lbs
solvent evaporated = 387 1.E+06 3.5

52.5 24.5

= 1.053E+06

Total airflow rate 1.053E+061 0.223 IbsVOC
minute

= 234306 CFM

Airflow rate
through NDO 10 feet 10 feet 200 feet

minute

= 20000 CFM

Airflow through make-up air distribution system 234306 CFM
20000 CFM

214306 CFM

l:\wpcol\pjt\00-02211\04\T221104e.xls
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Appendix D-2

Storage Air Emission Calculations
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SCENARIO #1
PUCB (Cold Box) Storage Area Emissions

Time (Hours) Emission Rate (# VaC/hour)
0.0 0.000
0.5 0.148
1.0 0.296
1.5 0.444
2.0 0.592
2.5 0.740
3.0 0.888
3.5 1.036
4.0 1.184
4.5 1.332
5.0 1.480
5.5 1.628
6.0 1.776
6.5 1.924
7.0 2.072
7.5 2.220
8.0 2.368
8.5 2.368
9.0 . 2.368
9.5 2.368
10.0 2.368
10.5 2.368
11.0 2.368
11.5 2.368
12.0 2.368
12.5 2.220
13.0 2.072
13.5 1.924
14.0 1.776
14.5 1.628
15.0 1.480
15.5 1.332
16.0 1.184
16.5 1.036
17.0 0.888
17.5 0.740
18.0 0.592
18.5 0.444
19.0 0.296
19.5 0.148
20.0 0.000

Maximum 8-hour TWA 2.109
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SCENARIO #2
PUNB (No Bake) Core Storage Area Emissions

'.

Time (Hours) Emission Rate (# VaC/hour)

0.0 0.000
0.5 0.142
1.0 0.284 ,

1.5 0.426
2.0 0.568
2.5 0.710
3.0 0.852
3.5 0.994
4.0 1.136
4.5 1.278
5.0 1.420
5.5 1.562
6.0 1.704
6.5 1.846
7.0 1.988
7.5 2.130
8.0 2.272
8.5 2.272
9.0 2.272
9.5 2.272
10.0 2.272
10.5 2.272
11.0 2.272
11.5 2.272
12.0 2.272
12.5 2.130
13.0 1.988
13.5 1.846
14.0 1.704
14.5 1.562
15.0 1.420
15.5 1.278
16.0 1.136
16.5 0.994
17.0 0.852
17.5 0.710
18.0 0.568
18.5 0.426
19.0 0.284
19.5 0.142
20.0 0.000

Maximum 8-hour TWA 2.024
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Scenario #3
PUNB (No Bake) Mold Storage Area Emissions

Time (Hours) Emission Rate (# VaG/hour)

0.0 0.000
0.5 0.400
1.0 0.800
1.5 1.200
2.0 1.600
2.5 2.000
3.0 2.400
3.5 2.800
4.0 3.200
4.5 3.600
5.0 4.000
5.5 4.400
6.0 4.800
6.5 5.200
7.0 5.600
7.5 6.000
8.0 6.400
8.5 6.800
9.0 7.200
9.5 7.600
10.0 8.000
10.5 8.400
11.0 8.800
11.5 9.200
12.0 9.200
12.5 9.200
13..0 9.200
13.5 9.200
14.0 9.200
14.5 9.200
15.0 9.200
15.5 9.200
16.0 9.200

.-

16.5 8.800
17.0 8.400
17.5 8.000
18.0 7.600
18.5 7.200
19.0 6.800
19.5 6.400
20.0 6.000
20.5 5.600
21.0 5.200
21.5 4.800
22.0 4.400
22.5 4.000
23.0 3.600
23.5 3.200
24.0 2.800

Maximum 8-hour TWA 8.900
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Scenario #4

PUCS Scenario 4
Time (Hours) Emission Rate (# VaC/hour)

0.0 0.000
0.5 0.148
1.0 0.296
1.5 0.444
2.0 0.592
2.5 0.740
3.0 0.888
3.5 1.036
4.0 1.184
4.5 1.332
5.0 1.480
5.5 1.628
6.0 1.776
6.5 1.924
7.0 2.072
7.5 2.220
8.0 2.368
8.5 2.516
9.0 2.664
9.5 2.812
10.0 2.960
10.5 3.108
11.0 3.256
11.5 3.404
12.0 3.404
12.5 3.404
13.0 3.404
13.5 3.404
14.0 3.404
14.5 3.404
15.0 3.404
15.5 3.404
16.0 3.404
16.5 3.256
17.0 3.108
17.5 2.960
18.0 2.812
18.5 2.664
19.0 2.516
19.5 2.368
20.0 2.220
20.5 2.072
21.0 1.924
21.5 1.776
22.0 1.628
22.5 1.480
23.0 1.332
23.5 1.184
24.0 1.036

Maximum 8-hour TWA 3.293

Page 1 i:\wpcol\pjt\00\02211\04\t221104b



Scenario #5

PUNS Molds Scenario 5
Time (Hours) Emission Rate (# VaC/hour)

0.0 0.000
0.5 0.600
1.0 1.200
1.5 1.800
2.0 2.400
2.5 3.000
3.0 3.600
3.5 4.200
4.0 4.800
4.5 5.400
5.0 6.000
5.5 6.600
6.0 7.200
6.5 7.800
7.0 8.400
7.5 9.000
8.0 9.600
8.5 10.200
9.0 10.800
9.5 11.400
10.0 12.000
10.5 12.600
11.0 13.200
11.5 13.800
12.0 13.800
12.5 13.800
13.0 13.800
13.5 13.800
14.0 13.800
14.5 13.800
15.0 13.800
15.5 13.800
16.0 13.800
16.5 13.200
17.0 12.600
17.5 12.000
18.0 11.400
18.5 10.800
19.0 10.200
19.5 9.600
20.0 9.000
20.5 8.400
21.0 7.800
21.5 7.200
22.0 6.600
22.5 6.000
23.0 5.400
23.5 4.800
24.0 4.200

Maximum 8-hour TWA 13.350
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Appendix E
Supporting Information on Cost Estimates

I:\ wpeol\00-02211\ 04\r221104f



r

." :.

Appendix E-l
Cost Effectiveness of Scenario Control Alternatives
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Recuperative Thermal Oxidizer with 2000 scfm
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Annualized e-t Analysis
Scenario 1 • Production Area

f- ", Recuperative thermal oxidizer wf2000 sdm ventilation from coni machine

Averal!:e Adiustment
Cost Item Coat Factor Factor Coat ($6) Basil of C~ta

Direct Costs:
Basic Eauipment:

oXidizer, fan controIs,stack/duct 110000 Lowest Quote - Vendor F

Auxiliary Equipment/ duct to 13810 Eng. Estimate (Appendix B-3)
o.ndl,.pr

Total Equipment Costs: 123810

Instruments/controls 0.10 1.00 0 Included in auote
Taxes 0.05 1.00 6191
Frel~ht 0.05 1.00 6191

Base Price: 136191

Installation costs, direct:
Foundations/Supports 0.08 1.00 10895 Enlt Guide #46, Table 4-3
Erection/handlinR 0.14 1.00 19067 Enlt Guide #46, Table 4-3
Electrical 0.04 1.00 5448 Enlt Guide '46, Table 4-3
Pipin~ 0.02 1.00 2724 EnlZ Guide '46, Table 4-3
lnsu1ation 0.01 1.00 1362 Entr Guide '46, Table 4-3
Paintin~ 0.01 1.00 1362 En\!: Guide '46, Table 4-3

I Site preparation 0.00 1.00 0 Enlt Guide #46, Table 4-3
J Facilities/buildinlts 0.00 1.00 0 Enlt Guide #46, Table 4-3

Total Installation Costs: 40857,
I TOTAL DIRECT COSTS (Base Price + Installation)" 177048

.
, Installation costs, indirect:
I

En~ineerln~/supervision 0.05 1.00 6810 En\!: Guide #46, Table 4-3
'. Construction/field exoenses 0.10 0.50 6810 small sYStem/Table 4-3
I Construction fee 0.10 1.00 13619 En\!: Guide #46, Table 4-3

:' Start-up 0.02 1.00 2724 Enlt Guide #46, Table 4-3
Performance Test OJ11 1.00 9533 Estimate [or Method 25A Inlet/Outlet

-'I Model study 0.00 1.00 0
, Contin~endcs 0.03 1.00 4086 Entr Guide #46, Table 4-3.
I

UTAL INDIRECT COSTS" 43581
I

I
JTAL CAPITAL COSTS (Direct + Indirect).. 220629

i:\wpcol\pjt\OO-2211\04\T3-1RCOX.XLS
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Annu~lized Co8t Analyele
Scenario 1 - Production Area
Recuper~tivethermal oxidizer w/2000 scfm ventil~tionfrom core machine

Cost Item CostlS)/unit Units/vear Cost Basis of Costs

Direct Ooeratimr Costs:

()peratinp; Labor.
Operator (S/HR X HRS/YR) 25 1825 4563 Enp;o Guide #46,Table 5-2 (oS hIs/sht x 1 sht/day x 365 dayS/ yr)
Supervision(l5% of labor) 684

Operatinst Materials 0

Maintenance (j1;eneral):
Labor 27.5 1825 5019 Enp;o Guide #46,Table 5-2 (oS hIs/sht x 1 sht/day x 365 dayS/vr)
Materials (100% of labor) 5019

Replacement parts (as required) 0
Labor (100% of parts cost) 0

I Utilities:
Electricity (S/KWHxKWH/vr) $0006 20440 1226 Vendor F Quote (7.0 KWH x 2920 hIs/vr)
Fuel oil (SI j1;al x j1;al/vr) 0
Gas (SI1()3ft3x l()3ft3/vr) $4.00 2920 11680 Vendor F Quote (lMft3/hr x2920hIs/vr)

I Water 0
I Steam 0

Other 0

• 0
I Waste Disposal

\ I
'\ .....astewater Treatment 0
:j,

ITOTAL DIRECTOPERAllNG COSTS (A)a 28191

", I
.; direct ooeratin~ (fixed) costs:

~,l lverhead 80% of 0 &< MOabor) 7665 EnJ1:. Guide #46, Table 5-1
Property Tax 1 %of Colpital costs 2206 Enlt. Guide #46, Table 5-1

.:... Insurance 1 %of capital costs 2206 Enll:. Guide #46, Table 5-1

::.~\
.dminJstratlon 2% of capital costs 4413 En!!:. Guide #46, Table 5-1

~.~ 'apital Recovery CRF- 00156 220629042 34418 Enst. Guide 1146, Table 5-1
(900% for 10 years) En!!:. ~ide 146, Table 5-3

~ TOTAL FIXED COSTS (B)= 50908

IX·:
'ii"( xlits

Product recovery 0
~'l- g·~at recovery 0
'4\.'~
,,~,-

,;!} r AL CREDITS (0" 0

: ,rTAL ANNUALIZED COSTS (A +B minus a- 79099
:. ~-

~J ontrolled Emissions Rate (tonsfyear)- 23,-
,;OvelOlll (Capture &< device eff.)ControJ
';~ tem Efficiencv ("10)- 90

ti- I
Controlled Emissions (tonslvear)= 2(11

I
:0 ($Iton)'" I 38212

i:\wpcol\pjt\OO-2211\04\T3-1RCOX.XLS
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Recuperative Catalytic Oxidizer with 2000 scfm
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Annualized Cost Anitlysis

Scenario 1- Production Area

Control System: Recuperative catalytic oxidizer w/lOoo sefm ventilation from core machine

Average Adjustment

Cost Item Cost Factor Factor Cost ($8) Basis of C08ts

Direct Costs:

Basic Equipment:

oxidizer, fan controls,stackJduct 120000 Lowest Quote - Vendor F

Auxiliary Equipment! duct to
13810 Eng. Estimate (Appendix E-3)

:oxidizer

Total Equipment Costs: 133810

Instruments/controls 0.10 1.00 0 Included in quote
Taxes 0.05 1.00 6691

Freight 0.05 1.00 6691

Base Price: 147191

Installation costs, direct:

Foundations/Supports 0.08 1.00 11775 Enll; Guide #46, Table 4-3

Erection/handlinll; 0.14 1.00 20607 EnR Guide #46, Table 4-3

Electrical 0.04 1.00 5888 Eng Guide #46, Table 4-3

Piping 0.02 • 1.00 2944 Eng Guide #46, Table 4-3

Insulation 0.01 1.00 1472 Enll; Guide #46, Table 4-3

PaintinR 0.01 1.00 1472 EnR Guide #46, Table 4-3

Site preparation 0.00 1.00 0 Eng Guide #46, Table 4-3

Facilities/buildings 0,00 1.00 0 EnR Guide #46, Table 4-3

Total Installation Costs: 44157

TOTAL DIRECT COSTS (Base Price + Installation)= 191348

Installation costs, indirect:

Engineering/supervision 0.05 1.00 7360 Eng Guide #46, Table 4-3

Construction/field expenses 0.10 0.50 7360 small capacity system/Table 4-3

Construction fee 0.10 1.00 14719 Enl1; Guide #46, Table 4-3

Start-up 0.02 1.00 2944 EnR Guide #46, Table 4-3

Performance Test 0.06 1.00 8831 Estimate of inlet/outlet using Method 25A

Model study 0.00 1.00 0

ContinRencies 0.03 1.00 4416 EnR Guide #46, Table 4-3

TOTAL INDIRECT COSTS- 45629

TOTAL CAPITAt COSTS (Direct + Indirect)- 236978

Page 1 of 2
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Annualized Cost Analysis

Scenario 1 - Production Area

Control System: Recuperative catalytic oxidizer w/looo scfm ventilation from core machine

Cost Item Cost (SVunit Units/year Cost

Direct Ooeratin~ Costs:

Operating Labor:

Operator ($/HR XHRS/YR) 25 1825 4563 Enl!:. Guide #46,Table 5-2 (.5 hrs/sht x 1 sht/day x 365 days/yr)
Supervision(l5% of labor) 684

Operating Materials
/ Catalyst!amoritized

2028 Vendor F Quote· 5 year catalyst life
(CCR-0.26) at 9% for 5 years
(12ft3 at 650/ft3)-

Maintenance (general):

Labor 27.5 182.5 5019 Enl!:. Guide #46, Table 5-2 (.5 hrs/sht x 1 shl/day x 365 davs/yr)
Materials (100% of labor) 5019

Replacement parts (as required) 0

Labor (100% of parts cost) 0

Utilities:

Electricity ($/KWHxKWH/yr) $0.06 20440 1226 Vendor F Quote (7.0 KWH x2920 hrs/yr)

Fueloil(S/galxgal/y~ 0

Gas ($/l<Yfex 1<Yft3/vr) $4.00 964 3856 Vendor F Quote (O.33Mft3/hr x 2920hrs/yr)

Water 0

Steam 0

0

Waste Disposal

Wastewater Trea!ment 0

TOTAL DIRECT OPERATING COSTS (A)" 22395

Indirect operating (fixed) costs:

Overhead 80% of 0 cSt M/labor 7665 Eng. Guide #46, Table 5-1

Property Tax 1% of capital costs 2370 Eng. Guide #46, Table 5-1
Insurance 1% of capital costs 2370 Eng. Guide #46, Table 5-1
Administration 2% of capital costs 4740 Enl!:. Guide #46, Table 5-1
Capital Recovery CRF- 0.156 236977.51 36968

(9.0% for 10 years) Eng. guide #46, Table 5-3

TOTAL FIXED COSTS (B). 54113

Credits

Product recovery

TOTAL CREDITS (q- 0

TOTAL ANNUAUZED COSTS (A +B minus q .. 76507

Uncontrolled Emissions Rate (tons/year)- 2.3

Overall (Capture &. device eff.)Control

System Efficiency ("10)- 90

Controlled Emiuions (tons/year)- 2.07

Cost (S/ton)= 36960

Page 2 of 2
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Annualized Cost Analysis

Scenario 1 • Production Area

Control System: Carbon adsorption (disposable/rechargeable) wj2000 sefm ventilation from core machine

Average Adjustment

Cost Item Cost Factor Factor Cost (Ss) Basis of Costs

Direct Costs:

Basic Equipment:

Vendor G Quote at $4OOO/unit X 2
unit, fan controls,stack/duct 14320 units; engr est oE $5000 fan and $1320

ductwork

Auxiliary Equipment/duct to
13810 (Appendix E-3)

oxidizer

To~EquipmentCosts: 28130

Instruments/controls 0.10 1.00 0

Taxes 0.05 1.00 1407

Freight 0.05 1.00 1407

Base Price: 30943

Installation costs, direct:

Foundations/Supports 0.08 1.00 2475 En!! Guide #46, Table 4-3

Erection/handJin~ 0.14 1.00 4332 En!! Guide #46, Table 4-3

Electrical 0.04 1.00 1238 En~ Guide #46, Table 4-3

Piping 0.02 1.00 619 En!! Guide #46, Table 4-3

Insuiation om 1.00 309 En!! Guide #46, Table 4-3

Painting 0.01 1.00 309 En!! Guide #46, Table 4-3

Site preparation '0.00 1.00 0 En!! Guide #46, Table 4-3

Facilities/ buildin~s 0.00 1.00 0 En!! Guide #46, Table 4-3

To~ Installation Costs: 9283

TOTAL DIRECT COSTS (Base Price + Installation)- 40226

Installation costs, indirect:

Engineering/sUpe1Vision 0.05 1.00 1547 En!! Guide #46, Table 4-3

Construction/field expenses 0.10 0.50 1547 small sYstem/Table 4-3

Construction Eee 0.10 1.00 3094 En!! Guide #46, Table 4-3

Start-up 0.02 1.00 619 En~Guide #46, Table 4-3

PerEormance Test 0.05 1.00 1547

Model study 0.00 1.00 0

Contin~encies 0.03 1.00 928 En!! Guide #46, Table 4-3

TOTAL INDIRECT COSTS- 9283

TOTAL CAPITAL COSTS (Direct + Indirect)- 49509

Page 1 of 2
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Annualized Cost Analysis

Scenario 1 - Production Area

Control System: Carbon adsorption (disposable/rechargeable) wj2000 sdm ventilation from core machine

Cost Item S/unit units/year COST

Direct Oueratin~Costs:

Operating Labor:

Operator ($/HR X HRS/YR) 25 182.5 4563
Eng. Guide #46, Table 5-2 (.5 hrs/shit
x 1 shItlday x 365 days/yr)

Supervlsion(15% of labor) 684

Operating Materials 0

Maintenance (general):

Labor 27.5 182.5 5019
Eng. Guide #46, Table 5-2 (.5 hrslshit
x 1 shItlday x 365 days/yr)

Materials (100% of labor) 5019

Replacement parts (as required) 0

Labor (100% of parts cost) 0

Utilities:

Electricity ($/KWHxKWH/yr) $0.06 16555 993 KWH calculated base on Horsepowe

Fuel oil ($1 gal x gal/yr) 0

Gas ($/1oJft3x loJIyr) $4.00 0

Water 0

Steam 0
Other 0

No. of carbon changes calculated by
Waste Disposal 136682 using Control Technologies of HAPs

handbook

Wastewater Treatment 0

TOTAL DIRECf OPERATING COSTS (A)a 152959

Indirect operating (fixed) costs:

Overhead 80% of 0 & M(1abor 7665 Eng. Guide #46, Table 5-1

Property Tax 1% of capital costs 495 Eng. Guide #46, Table 5-1

Insurance 1 % of capital costs 495 Eng. Guide #46, Table 5-1

Administration 2% of capital costs 990 Eng. Guide #46, Table 5-1

Capital Recovery CRF- 0.156 49508.8 7723 Enl';. Guide #46, Table 5-1

( 9.0% for 10 years) Enl';. I';Uide #46, Table 5-3

TOTAL FIXED COSTS (B)- 17369

Credits

Product recovery

Heat recovery

TOTAL CREDITS (C)- 0

TOTAL ANNUAUZED COSTS (A +B minus C)= 170328

Uncontrolled Emissions Rate (tons/year)" 2.3

Overall (Capture ok device eff.)Control

System Efficiency (%).. 90

Controlled Emissions (tons/year)= 2.07

I
Cost (S/ton)" 82284

Page 2 of 2
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Annu~lized Cost An~lysis
Scen~rio1 - Stonge Are.1
Control System: Concentntotloxidizer w/37,OOO scfm ventil~tion from enclosure ~round PUCB stonge

I Averal!:e Adjustment
Cost Item CostF~ctor F~ctor Cost ($5) B~sis of Costs

IDirect Costs:
I Basic Equipment:

adsorber/oxidizer, fan 650000 Lowest Quote - Vendor C
controls stack!duct
I ,01,:/'·

IAuxiliary Equipmentfenclosure, '147196 . Eng. Estimate (Appendix E-3)
make-un air and ductwork ,

I Total Equipment Costs: 797196

I

Instrumentsfcontrols 0.10 1.00 0 Included in quote
I Taxes 0.05 1.00 39860
I Frei~ht 0.05 1.00 39860

Base Price: 876916
I
I

Installation costs, direct:
FoundationsfSupports 0.08 1.00 70153 EnR Guide #46, Table 4-3

I Erectionfhandlin~ 0.14 1.00 122768 En~ Guide #46, Table 4-3
I Bectrical 0.04 1.00 35077 En~ Guide #46, Table 4-3

Pipin~ 0.02 1.00 17538 En~ Guide #46, Table 4-3
Insulation 0.01 1.00 8769 EnR Guide #46, Table 4-3

I Paintin~ 0.01 1.00 8769 EnR Guide #46, Table 4-3
Site preparation 0.00 1.00 0 EnR Guide #46, Table 4-3
Facilities/buildin~s 0.00 1.00 0 En~ Guide #46, Table 4-3

I

I Total Installation Costs: 263075

TOTAL DIRECT COSTS (B~se Price + Installation)- 1139990
I

I
Installation costs, indirect

I En~eerin~/supervision 0.05 1.00 43846 En~ Guide #46, Table 4-3
I Construction/field expenses 0.10 1.00 87692 Table 4-3

Construction fee 0.10 1.00 87692 En~ Guide #46, Table 4-3
Start-up 0.02 1.00 17538 En~ Guide #46, Table 4-3

I Performance Test 0.01 1.00 8769 Estimate for 25a inletfoutlet
I Model study 0.00 1.00 0

ContinKencies 0.03 1.00 26307 EnR Guide #46, Table 4-3

I TOTAL INDIRECT COSTS- 271844
I

.
ITOTAL CAPITAL COSTS (Direct + Indirect)- 1411834

i:\wpcol\pjt\OO-02211\04\T3-4CON.XLS
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Annu~lized Cost An~Jysis
Scen~rio1 • Storage Are~

Control System: ConcentratoQ'oxidizer w/37,OOO scfm ventiUtion from enclosure around PUCB storage

ICostltem (5{unit x units/yeu) COST
I
Direct Ooeratinll: Costs:

I Operatinj1; Labor:
I Operator (S/HR X HRS/YR) 25 443 11075 Enj1;. Guide #46, Table 5-2 (.5 hrs/sht x 2.43 shts/day x 365 days/Yr)

Supervision(15% of labor) 1661

I Operatinj1; Materials 0
I

Maintenance (~eneral):

Labor 27.5 443 12183 Enj1;. Guide #46, Table 5-2 (.5 hrs/sht x 2.43 shts/day x 365 days/yr)
I Materials (100% of labor) 12183
I

Replacement parts (as required) 18000
Labor (100% of parts cost) 18000

I
I Utilities:

Electricity ($/KWHxKWH/yr) $0.06 1024848 61491 Vendor C Quote (144 KWH x 7117 hrs/yr)
Fuel oil ($/1<-11 x I<-Ilfyr) 0

I Gas ($/l()3ft3x l()3ft3/yr) $4.00 3559 14236 Vendor C Quote (.5 Mft3/hr x 7117 hrs/vr)
I Water 0

Steam 0
Other 0 .

I 0
I Waste Disposal

Wastewater Treatment 0
I
ITOTAL DIRECT OPERATING COSTS (A)" 148828

Indirect ooeratinl!' (fixed) costs:
I Overhead 80% of 0 & M(1abor 18606 Enlt. Guide #46, Table 5-1
I Property Tax 1% of capital costs 14118 Enlt. Guide #46, Table 5-1

Insurance 1% of capital costs 14118 Enl!:. Guide #46, Table 5-1
Administration 2% of capital costs 28237 Enl!:. Guide #46, Table 5-1

I Capital Recovery CRF- 0.156 1411834.12 220246 Enlt. Guide #46, Table 5-1

I (9,0% for 10 years) Eng. guide #46, Table 5-3
TOTAL FIXED COSTS ffi).. 295325

I~TPdits

I Product recovery .
Heat recovery

TOTAt CREDITS (C)- 0
I
ITOTAt ANNUALIZED COSTS (A +B minus C)- 444154

Uncontrolled Emissions Rate (tons,lyeu)" 5

I I
'Overall (Capture & device eff.)ControJ

System Efficiency (%)- 90

I
IControlled Emissions (tons,lyear)- 4.50

I
Cost ($'ton)" 98701

i:\wpcol\pjt\OO-02211\04\T3-4CON.XLS
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Annualized Cost Analysis
Scenario 1 - Storar;e Area
Control System: Rer;enerative Thermal oxidizer wf37,OOO sefm ventlliltlon from enclosure for FUCB storar;e

Averat:e Adiustment
C05t~ Cost Factor Factor Cost ISs) Basis of Costs

Direct Costs:
Basic Equipment:

oxidizer, ian controls,slack/duct 591782 Lowest Quote - Vendor B

-
Auxiliary Equipment! enclosure,

147196 Eng. Estimate (Appendix B-3)
Imak....uo lIir and ductwork

Total Equipment Costs: 738978

.
Instruments/controls 0.10 1.00 a Included In auote
Taxes 0.05 1.00 36949
Freild1t 0.05 1.00 36949

Base Price: 812876

Instilllation costs, direct:
Foundations/Supports 0.08 1.00 65030 Enll: Guide #46, Table 4-3
Erectlon/handllnl!: 0.14 1.00 113803 Enl!: Guide '46, Table 4-3
Bectrical 0.04 1.00 32515 Enjt Guide #46, Table 4-3
Piplnp; 0.02 1.00 16258 Enll: Guide #46, Table 4-3
Insulation 0.01 1.00 8129 EnS!: Guide 146, Table 4-3
PalntinS!: 0.01 1.00 8129 EnS!: Guide #46, Table 4-3
Site preparation 0.00 1.00 a Enp; Guide #46, Table 4-3
Facilities/buildinll:s 0.00 1.00 a EnS!: Guide '46, Table 4-3

Total Installation Costs: 243863

TOTAL DIRECT COSTS lBilse Price + Instillliltion)= 1056739

Instillliltion costs, indirect:

EnS!:lneerlnl!:/supervlsion 0.05 1.00 40644 EnS!: Guide #46, Table 4-3
Construction/field expenses 0.10 1.00 81288 Table 4-3
Construction fee 0.10 1.00 81288 Enll: Guide 146, Table 4-3
Start.up 0.02 1.00 16258 Enp; Guide 146, Table 4-3
Performance Test 0.012 1.00 9755 Estimate for 25a inlet/outlet
Modelstudv 0.00 1.00 a
ContinS!:endes 0.03 1.00 24386 EnS!: Guide #46, Table 4-3

TOTAL INDIRECT COSTS= 253617

TOTAL CAPITAL COSTS (Direct + Indirect).. 1310356

i:\wpcol\pjt\OO\02211\04\T3-5REOX.XLS
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Annualized Cost Analysis
Scenario 1 • Storal;e Area
Control System: Rel;enerative Thenn<ll oxidizer w{37,OOO sd'm ventilation from enclosure for PUCB storage

Cost Item ($,Iunit x unlts/yeu) COST

Direct Ooeratin!!: Costs:

Operatinll: Labor:
Operator ($/HR X HRS/YR) 25 --443 11075 En~. GuIde #46, Table 5-2 (.5 hrs/shift x 243 ,hifts/day x 36S days/ vr)
Supervision(15% oflabor> 1661

0

Maintenance (l';eneral):
Labor 27.5 443 12183 En~. GuIde #46, Table 5-2 (.5 hrs/shift x 243 shifts/day x 36S days/vr)
Materials 000% of labor) 12183

Replacement parts (as required) 0
Labor (100% of parts cost) 0

Utilities:
Electricity (S/KWHxKWH/vr) $0.06 861157 51669 vendor{121.0 KWH x7117 hrs/vr)
Fuel oil ($/~al x p;al/vr) 0
Gas ($/lO"ft'x 10"Ivr) $4.00 25621 102484 vendor{3.6Mft3/Hrx7117hrs/vr)
Water 0
Steam 0
Other 0

0
Waste Disposal

Wastewater Treatment 0

TOTAL DIRECTOPERATlNG COSTS (A)" 191255

Indirect oneratin17 (fixed) costs:
Overhead 80% of 0« M(labor 18606 En!!:. GuIde #46, Table 5-1
Property Tax 1%of capital costs 13104 En~. Guide #46, Table 5-1
Insurance 1%of capital costs 13104 En!!:. Guide #46, Table 5-1
Administration 2% of capital costs 26207 EnP;. GuIde #46, Table 5-1
Capital Recovery CRF- 0.156 1310355.79 204416 En~. Guide #46, Table 5-1

9.0% for 10 years) En~. j1;Uide #46, Table 5-3
TOTAL RXED COSTS (B)- 275436

Credits
Product recovery
Heat recovery

TOTAL CREDITS (a- 0

TOTAL ANNUALIZED COSTS (A +B minus C).. 466690

Uncontrolled Emissions Rate (tons,'year)- 5

Overall (Capture ok device eff.)Control
System Efficiencv (%)- 90

Conlrolled Emissions (tons,lyear)- 4.50

Cost ($,Ilon)- 103709

i:\wpcol\pjt\OO\02211\04\T3-SREOX.XLS
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Annualized Cost Analysis
Scenario 1 • Storar;e ArN
Control System: Biofilter wf37000 Kf'm for PUCB Core Storar;e

Averat;e Adiustment
Cost Item Cost Factor Factor Cost ($5) Basis of Costs

Direct Costs:
Basic Equipment:
Biofilter 1496000 Lowest Quote - Vendor E

Auxiliary
Equlpment/enclosure/make-up 147196 Eng. Estimate (Appendix E-3)
air units/ductwork

Total Equipment Costs: 1643196

Instruments/controls 0.10 1.00 a Included in QUote
Taxes 0.05 1.00 82160
Frelp;ht 0.05 1.00 82160

Base Price: 1807516

Installation costs direct:
Foundations/Supports 0.08 1.00 0 Included In vendor quote
Erection/handIlnR 0.14 1.00 0 Included in vendor quote
Electrical 0.04 1.00 a Included in vendor quote
PipinR 0.02 1.00 a Included In vendor quote
Insulation 0.01 1.00 a Included in vendor auote
PalntlnR 0.01 1.00 0 Included in vendor quote
Site preparation 0.00 1.00 a Included In vendor quote
Facilities/buiIdinRs 0.00 1.00 0 Included In vendor quote

Total Installation Costs: a

TOTAL DIRECT COSTS (Base Price + Installation): 1807516

Installation costs, indirect:

Enl!lneerlnsz/SUPervision 0.05 1.00 0 Included in vendor quote .
Construction/field expenses 0.10 1.00 0 Included In vendor quote
Construction fee 0.10 1.00 a Included In vendor auote
Start-up 0.02 1.00 0 Included in vendor quote
Performance Test 0.005 1.00 9038 Est. (or Method 25A inlet/outlet
Model study 0.00 1.00 a
Contingencies 0.03 5.00 271127

Eng Guide '46, Table 4-4, new application of control technology and
IllUaranteed Performance

TOTAL INDIRECT COSTS= 280165

TOTAL CAPITAL COSTS (Direct + Indirect)- 2087681

Page 1 of 2
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Annualized Cost Analysis
Scenario 1 - Storage Axea
Control System: Blofilter wf37000 Kim lor PUCB Core Storage

Cost Item IS/unit x unitslvearl COST

Direct Ooeratinll Costs:

Operatinl/; Labor.
Operator ($/HRX HRS/YR) 25 0 0 Vendor E Estimate
Supervlslon(15% of labor) 0

Operatinl! Materials 0

Maintenance (I!eneral):
Labor 27.5 100 2750 Vendor EEstimate
Materials (100% oflabor) 2750

Replacement parts (as required) 47500 Vendor E Estimate
Labor (100% of parts cost) 47500

Utilities:
Bectrlcitv ($/KWHxKWH/vr) $0.06 244113 14647 vendor (34.3 KWHx7117hrs/vr»
Fuel oil ($/I!al x I!al/vr) 0
Cas (S/1()3ft!x 1(}1/vr) 0
Water 0
Steam 0
Other 0

0
Waste Dispasa]

Wastewater Treabnent 0

TOTAL DIRECfOPERATING COSTS (A)- 115147

Indirect onPratinl!: (fixed) costs:
Overhead 80% of 0 &: M(a + b 2200
Property Tax 1% of capital costs 20m
Insurance 1 % of capita! costs 20m
Administration 2% of capital costs 41754
Capital Recovery CRF- 0.11 $2,087,681 229645

(9.0% for 20 vears) Vendor E estimate of equipment life
TOTAL FIXED COSTS (B)- 315352

Credits
Product recovery
Heat recovery

TOTAL CREDITS (0- 0

TOTAL ANNUALIZED COSTS (A +B minus C)= 430499

Uncontrolled Emissions Rate (tOM,'Year)· 5

Overall (Capture &: device eft.'Control
System Efficiencv ("!o): I 90

I
Controlled Emissions (tonll!vear)- 4.50

I
Cost (S{ton)- 95666
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Annualized Cost Analysis
Scenario 2· Production
Control System: Concentrator/oxidizer wpo,500 scfm ventilation from enclosure around PUNB core prod.

Averat;e Adjustment
Cost Item Cost Factor Factor Cost ($6) Basis of Costs

Direct Costs:
Basic Equipment:

oxidizer, fan controls,stack/ duct 650000 Lowest Quote - Vendor C

Auxiliary Equipment/ enclosure, 246340 Eng. Estimate (Appendix £..3)
mak....uo air unlt~ and ductwork to

Total Equipment Costs: 896340

Instruments/ controls 0.10 1.00 0 Included in Quote
Taxes 0.05 1.00 44817
Frei9;ht 0.05 1.00 44817

Base Price: 985974

Installation costs, direct:
Foundations/Supports 0.08 1.00 78878 En9; Guide #46, Table 4-3
Erectlon/handlinl!: 0.14 1.00 138036 Enl!: Guide #46, Table 4-3
Electrical 0.04 1.00 39439 En9; Guide #46, Table 4-3
Piplnlt 0.02 1.00 Im9 Enl!: Guide #46, Table 4-3
Insulation 0.D1 1.00 9860 EnR Guide #46, Table 4-3
PalntlnR 0.01 1.00 9860 En9; Guide #46, Table 4-3
Site preparation 0.00 1.00 0 Enl!: Guide '46, Table 4-3
Facilitles/buildinl!:s 0.00 1.00 0 Enlt Guide #46, Table 4-3

Total Installation Costs: 295792

lOTAL DIRECT COSTS (Base Price + Installation)- 1281766

Installation costs, indirect:

En9;lneerln9;/supervlsion 0.05 1.00 49299 En!!: Guide #46, Table 4-3
Construction/field expenses 0.10 1.00 98597 Table 4-3
Construction fee 0.10 1.00 98597 EnR Guide 146, Table 4-3
Start-up 0.02 1.00 Im9 En!!: Guide #46, Table 4-3
Performance Test 0.01 1.00 9860 Estimate for Method 25A inlet/outlet
Model study 0.00 1.00 0
Contln9;encles 0.03 1.00 29579 En!!: Guide #46, Table 4-3

lOTAL INDIRECT COSTS- 305652

TOTAL CAPITAL COSTS (Direct + Indirect).. 1587418
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Annu;llized Cost An;llysis
Scenuio 2· Production

IControl System: Concentntor/oxidizer wj30,soo scfm ventil;ltion from enclosure ;lround PUNB core prod.

Cost Item $Iunit unlts,lyr S/vr

Direct Ooeratinll Costs:

(Jperatinll: Labor:
(Jperator ($/HR X HRS/YRl 25 182.5·· 4563 Enp;. Guide #46, Table 5-2 (.5 hrs/shiEt x 1 shiEts/day x 365 davs/vr)
Supervlslon(15" of labor) 684

(Jperatinll: Materials 0

Maintenance (p;eneral):
Labor 27.5 182.5 5019 Enp;. Guide '46, Table 5-2 (.5 hrs/shiEt x 1 shiEts/day x 365 davs/yr)

Materials (100" oflabor) 5019

Replacement parts (as requiredl 18000
Labor (100" of parts cost) 18000

UtUitles:
Electricity ($/KWHxKWH/vr) $0.06 420480 25229 Vendor C QUote (144.0 KWH x 2920 hrs/yr)
Fuel oU ($/stal x ll:al/vr) 0
Gas ($/lO'frlx 10'ft'/yr) $4.00 1460 5840 Vendor C quote (.5 Mft3/Hr x 2920 hrs/yr)
Water 0
Steam 0
Other 0

0
Waste Disposal

Wastewater Treatment 0

TOTAL DIRECTOPERAllNG COSTS tA)- 82353

Indirect Onf'ratinv lfixed\ costs:
Overhead SO% of 0 & M(1abor) 7665 Enl!:. Guide #46, Table 5-1
Property Tax 1" of caPltal costs 15874 Enp;. Guide #46, Table 5-1
Insurance 1" of capital costs 15874 Enll:. Guide #46, Table 5-1
Administration 2% of capital costs 31748 Enll:. Guide #46, Table 5-1
Capital Recovery CRF- 0.156 1587418.14 247637 Enl!:. Guide #46, Table 5-1

( 9.0" for 10 years) Enp;. p;uide #46, Table 5-3
TOTAL FIXED COSTS (5).. 318799

Credits
Product recovery
Heat recovery

TOTAL CREDITS (0- 0

TOTAL ANNUALIZED COSTS (A +B minus q .. 401152

Uncontrolled Emissions R;lte (tons 'ven)- 2.5

OverOill (COIpture & device eff.)Control
System Efficiencv l"i.)- 90

Controlled Emissions (tonslveul" 2.25
I

Cost ($Iton)" 178290

i:\wpcol\pjt\OO-02211\04T3-7CON.XLS
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Annualized Cost Analysis

Scenario 2 - Production

Control System: Regen.Thermal oxidizer w/30,500 scfm ventilation from enclosure for PUNB core prod.

Average Adjustment

Cost Item Cost Factor Factor Cost (55) Basis of Costs

,
Direct Costs:

Basic Equipment:

oxidizer, fan, controls,stack/duct 571782 Vendor BQuote

Auxiliary Equipment/enclosure, 246340 Eng. Estimate (Appendix E-3)
make-up air units and ductwork

Total Equipment Costs: 818122

Instruments/controls 0.10 1.00 0 Included in quote
Taxes 0.05 1.00 40906

Frei~t 0.05 1.00 40906

Base Price: 899934

Installation costs, direct:

Foundations/Supports 0.08 1.00 71995 En~ Guide #46, Table 4-3

Erection/handling 0.14 1.00 125991 En~ Guide #46, Table 4-3

Electrical 0.04 1.00 35997 En~ Guide #46, Table 4-3
Pipin~ 0.02 1.00 17999 En~ Guide #46, Table 4-3

Insulation 0.01 1.00 8999 Eng Guide #46, Table 4-3

Painting 0.01 1.00 8999 Eng Guide #46, Table 4-3
Site preparation 0.00 1.00 0 Eng Guide #46, Table 4-3

Facilities/buildin~s 0.00 1.00 0 Eng Guide #46, Table 4-3

Total Installation Costs: 269980

TOTAL DIRECT COSTS (Base Price + Installation)- 1169914

Installation costs, indirect:

Engineering/supervision 0.05 1.00 44997 Eng Guide #46, Table 4-3

Construction/field expenses 0.10 1.00 89993 Table 4-3
Construction fee 0.10 1.00 89993 Eng Guide #46, Table 4-3

Start-up 0.02 1.00 17999 En~ Guide #46, Table 4-3

Performance Test 0.012 1.00 10799 Estimate for 2Sa inlet!outlet
Model study 0.00 1.00 0

Contin~encies 0.03 1.00 26998 En~ Guide #46, Table 4-3

TOTAL INDIRECT COSTS- 280779

TOTAL CAPITAL COSTS (Direct + Indirect)- 1450694
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Annualized Cost Analysis

Scenario 2· Production

Control System: Regen.Thermal oxidizer w/30,500 selm ventilation from enclosure for PUNB core prod.

Cost Item $/unit unltsfyr cost

Direct Ooeratinl!: Costs:

Operating Labor:

Operator ($/HR X HRS/YR) 25 1825 4563 (a) Eng. Guide #46, Table 5-2 (.5 hrs/shift x 1 shift/day x 365 days/yr
Supervision(15% oflabor) 684 (.5 hrs/5 ftx243 shifts/dayx 365 days/yr)

0

Maintenance (general):
Labor 275 1825 5019 (b) Eng. Guide #46, Table 5-2 (.5 hrs/shift x 1 shift/day x 365 days/YI
Materials (100% of labor) 5019

Replacement parts (as required) 0

Labor (100% of parts cost) 0

Utilities:

Electricity ($/KWHxKWH/yr) $0.06 289080 17345 Vendor B (99.0 KWH x2920 hrs/yr)

Fuel oil (S/ gal x gal/yr) 0

Gas ($/lltft3x lit/vr) $4.00 8468 33872 Vendor B (29Mft3/Hrx2920 hrs/yr)

Water 0
Steam 0

Other 0
0

Waste Disposal

Wastewater Treatment 0

TOTAt DIRECT OPERATING COSTS (A)- 66S01

Indirect ooeratinl! (fixed) costs:
Overhead 80% of 0 &: M(labor) 7665 Eng. Guide #46, Table 5-1

Property Tax 1% of capital costs 14507 Eng. Guide #46, Table 5-1

Insurance 1%of capital costs 14507 Eng. Guide #46, Table 5-1

Administration 2% of capital costs 29014 Eng. Guide #46, Table 5-1

Capital Recovery CRF- 0.156 $1,450,694 226308
( 9.0% for 10 years) Eng. guide #46, Table 5-3

TOTAt FIXED COSTS (B)- 292001

Credits

Product recovery
Heat recovery

TOTAt CREDITS (C)- 0

TOTAt ANNUAUZED COSTS (A +B minus q- 358502

Uncontrolled Emissions Rate (tons/year)- 25

Overall (Capture & device eff.)Control

System Efficiency (%)- 90

Controlled Emissions (tons/year)- 225

I
Cost ($fton)" 159334

",
Page 2 of 2
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Anualized Cost Analysis
Scenario 2 - Production
Control System: Blofilter wJ30SOO ttcfm for PUNB Core Production

Averar;e Adiustment
Cost Item Cost Factor Factor Cost ($5) Basi, of Costs

Direct Costs:
Basic Equipment:
Biofllter 1190000 Lowest Quote - Vendor D

Auxiliary
Equipment/enclosure/make-up 246340 Eng. Estimate (Appendix E-3)
air units/ductwork

Total Equipment Costs: 14.36340

Instruments/ controls 0.10 1.00 0 Include In QUote
Taxes 0.05 1.00 71817
Freip;ht 0.05 1.00 71817

Base Price: 1579974

Installation costs, direct:
Foundations/SuppOrts 0.08 1.00 0 Included In vendor QUote
Erection/handlinp; 0.14 1.00 0 Included In vendor quote
Electrical 0.04 1.00 0 Included In vendor Quote
Pipinl1; 0.02 1.00 0 Included In vendor Quote
Insulation 0.01 1.00 0 Included In vendor quote
Paintinp; 0.01 1.00 0 Included In vendor Quote
Site preparation 0.00 1.00 0 Included In vendor QUote
Facilities/buildinRs 0.00 1.00 0 included In vendor quote

Total Installation Costs: 0

lOTAL DIRECT COSTS (Base Price + Installation)- 1579974

Installation costs, Indirect:

Enp;ineerinR/supervision 0.05 1.00 0 Included In vendor quote
Constructionllield expenses 0.10 1.00 0 Included in vendor QUote
Construction fee 0.10 1.00 0 Included in vendor Quote
Start-up 0.02 1.00 0 1ncluded In vendor quote
Performance Test 0.005 1.00 7900 Estimate for Method 25A inlet/outlet
Model study 0.00 1.00 0

Contingencies 0.03 5.00 236996
Eng Guide #46, Table 4-4, new application of control technology and
lI:Uaranteed performance

lOTAL INDIREct' COSTS- 244896

lOTAL CAPITAL COSTS (Direct + Indirect)- 1824870
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IControl System: Biofilter w/30SOO scfm for PUNB Core Production

Cost Item Slunit unitslvr Cost

Direct O~ratinC>' Costs:

Operatin2 Labor:
Operator (S/HR X HRS/YR) 25 0 0
Supervision(l5" oflabor) 0

Operatin2 Materials 0

Maintenance (steneral):
Labor 27.5 50 1375 Vendor 0 Quote
Materials (100" of labor) 1375

Replacement parts (as required) 39150 Vendor E Estimate of Media Costs
Labor (100% of parts cost) 39150

Utilities:
Bectridty (S/KWHxKWH/yr) $0.06 82636 4958 Vendor E Quote (28.3 KWH x 2920 hrs/yr)
Fuel oil ($/281 x 2al/vr) 0
Gas ($/lQ3Ct3x 1Q3Ivr) 0
Water 0
Steam 0
Other 0

0
Wasle Disposal

Wastewater Treatment 0

TOTAL DiRECTOPERAl1NG COSTS (A)- 86008

Indirect on<>ratinl! (fixed) costs:
Overhead 80% of 0 &< MOabor) 1100
Property Tax 1" of capital costs 18249
Insurance 1%of capital costs 18249
Admin1stra lion 2" of capital costs 36477
Capital Recovery CRF- 0.11 I 1824869.77 200736

( 9.0" for 20 years) vendor eq.life eslimate
TOTALflXEDCOSTSffi)3 274830

Credits
Product recovery
Heat recovery

TOTAL CREDITS (0" 0

TOTAL ANNUAUZED COSTS (A +8 minus a- 360839

Uncontrolied Emissions Rate (tons, 'year)- 2.5

Overall (Capture &< device eff.)Control
Svstem Efficiencv (%)- I 90

Controlied EnUssions (tons/vear)- 2.25
I

Cost (Slton)- I 160373
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Annualized Cost Analysis

Scenario 2 - Storage

Control System: Concentrator/oxidizer wj36,OOO selm ventilation from enclosure for PUNB core storage

Average Adjustment

Cost Item Cost Factor Factor Cost ($5) Basis of Costs

Direct Costs:

.Basic Equipment:

oxidizer, fan controls,stack/duct 650000 Lowest Quote - Vendor C

Auxiliary Equipment/enclosure, 139201 Eng. Estimate
make-up air units and ductwork to

Total Equipment Costs: 789201

Instruments/controls 0.10 1.00 0 Included in quote
Taxes 0.05 1.00 39460

Freight 0.05 1.00 39460

Base Price: 868121

Installation costs, direct:

Foundations/Supports 0.08 1.00 69450 En~ Guide #46, Table 4-3

Erection/handling 0.14 1.00 121537 Eng Guide #46, Table 4-3

Electrical 0.04 1.00 34725 Eng Guide #46, Table 4-3

Piping 0.02 1.00 17362 Eng Guide #46, Table 4-3

Insulation om 1.00 8681 Eng Guide #46, Table 4-3

Painting 0.01 1.00 8681 Eng Guide #46, Table 4-3

Site preparation 0.00 1.00 0 EngGuide#46,Ta~e4-3

Facilities/buildin~s 0.00 1.00 0 Eng Guide #46, Table 4-3

Total InstalIation Costs: 260436

TOTAL DIRECT COSTS (Base Price + Installation)" 1128557

Installation costs, indirect:

Engineerin~/supervision 0.05 1.00 43406 Eng Guide #46, Table 4-3

Constructionlfield expenses 0.10 1.00 86812 Eng Guide #46, Table 4-3

Construction fee 0.10 1.00 86812 Eng Guide #46, Table 4-3

Start-up 0.02 1.00 17362 En~ Guide #46, Table 4-3

Performance Test 0.01 1.00 8681 Estimate for Method 25a inlet/outlet

Model study 0.00 1.00 0
Contingencies 0.03 1.00 26044 Eng Guide #46, Table 4-3

TOTAL INDIRECT COSTS- 269118

TOTAL CAPITAL COSTS (Direct + Indirect)- 1397675
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Annualized Cost Analysis

Scenario 2 - Storage

Control System: Concentrator/oxidizer wf36,OOO scfm ventilation from enclosure for rUNB core storage

Cost Item S/unit units/yr Cost

Direct Otleratinl1: Costs:

OperatinR Labor:

Operator (S/HR XHRS/YR) 25 443 11075 EnR. Guide #46, Table 5-2 (.5 hrslshift x 243 shiftslday x 365 days/yr)
Supervision(15% of labor) 1661

OperatinR Materials 0

Maintenance (general):

Labor 27.5 443 12183 Enjt. Guide #46, Table 5-2 (.5 hrslshift x 243 shiftslday x 365 days/yr)
Materials (100% of labor) 12183

Replacement parts (as required) 18000 Vendor C quote - annual absorbent cost

Labor (100% of parts cost) 18000

Utilities:

Electricity (5/KWHxKWH/yrj $0.06 1024848 61491 Vendor C quote (144.0 KWH x7117 hrs/yr)

Fuel oil (51 gal x gal/yr) 0

Gas (s/ldft]x IdIyr) $4.00 3558 14232 Vendor C quote (0.5Mft3/Hr x7117hrs/yr)

Water 0

Steam 0

Other 0

0

Waste Disposal

Wastewater Treatment 0

TOTAL DIRECT OPERATlNG COSTS (A)'" 148824

Indirect ooeratinl1: (fixed) costs:

Overhead 80% of 0 & MQabor) 18606 Enjt. Guide #46, Table 5-1

Property Tax 1% of capital costs 13977 EnR. Guide #46, Table 5-1

Insurance 1% of capital costs 13977 Enjt. Guide #46, Table 5-1

Administration 2% of capital costs 27953 Eng. Guide #46, Table 5-1

Capital Recovery CRF- 0.156 $1,397,675 218037

(9.0% for 10 years) Enjt. ltuide #46, Table 5-3

TOTAL FIXED COSTS (B)- 292550

Credits

Product recovery

Heat recovery

TOTAL CREDITS (q- 0

TOTAL ANNUAUZED COSTS (A +B minus q- 441374

Uncontrolled Emissions Rate (tonsfyear)- 4.8

Overall (Capture & device eff.)Control

System Efficiency (%)a 90

Controlled Emissions (tonsfyear)" 4.32

Cost (S/ton)" 102170
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Annualized Cost Analysis

Scenario 2 • Storage

Control System: Regen.Thermal oxidizer wj36,OOO scfm ventilation from enclosure for PUNB core storage

Average Adjustment

Cost Item Cost Factor Factor Cost ($5) Basis of Costs

Direct Costs:

Basic Equipment:

oxidizer, fan, controls,stack/duc 581482 Vendor Quote (Vendor B)

Auxiliary Equipment/enclosure,
.139201 Eng. Estimate (Appendix E-3)

make-up air wtits and ductwork

TobUEquipmentCosts: 720683

Instruments/controls 0.10 1.00 0 Included in quote
Taxes 0.05 1.00 36034
Freight 0.05 1.00 36034

Base Price: 792751

Installation costs, direct:

Foundations/Supports 0.08 1.00 63420 En!"; Guide 1#46, Table 4-3

Erection/handlin!"; 0.14 1.00 110985 En!"; Guide #46, Table 4-3

Electrical 0.04 1.00 31710 Eng Guide #46, Table 4-3

Piping 0.02 1.00 15855 Eng Guide #46, Table 4-3

Insulation 0.01 1.00 7928 Eng Guide 1#46, Table 4-3

Painting 0.01 1.00 7928 Eng Guide #46, Table 4-3
Site preparation 0.00 1.00 0 Eng Guide #46, Table 4-3

Facilities/buildings 0.00 1.00 0 En!"; Guide #46, Table 4-3

TobU Installation Costs: 237825

TOTAL DIRECT COSTS (Base Price + Installation)- 1030577

Installation costs, indirect:

Engineering/supervision 0.05 1.00 39638 Eng Guide #46, Table 4-3

Construction/field expenses 0.10 1.00 79Z75 Table 4-3
Construction fee 0.10 1.00 79275 En!"; Guide #46, Table 4-3
Start-up 0.02 1.00 15855 En!"; Guide #46, Table 4-3

Performance Test 0.012 1.00 9513 Estimate for Method 25a inlet/outlet

Model study 0.00 1.00 0
Contin~encies 0.03 1.00 23783 Eng Guide #46, Table 4-3

TOTAL INDIRECT COSTS- 247338

TOTAL CAPITAL COSTS (Direct + Indirect)· 1277915

i~" .
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Annualized Cost Analysis

Scenario 2 - Storage

Control System.: Regen.Thermal oxidizer wj36,OOO scfm ventilation from enclosure for PUNB core storage

Cost Item $funit units/yr Cost

Direct Ooeratinl! Costs:

, Operating Labor:

Operator ($/HR X HRS/YR) 25 443 11075 (a) Eng. Guide #46, Table 5-2 (.5 hrs/5 ft x 2.43 shifts/day x 365 days/yr)

Supervision(15% of labor) 1661

Operating Materials: 0

Maintenance (general):

Labor 27.5 443 12183 (b) Eng. Guide #46, Table 5-2 (.5 hrs/5 ft x 243 shifts/day x 365 days/yr)

Materials (100% of labor) 12183

Replacement parts (as required) 0

Labor (100% of parts cost) 0

Utilities:

ElectricitY ($/KWrf..xKWH/yr) $0.06 839806 50388 Vendor B (118.0 KWH x7117 hrs/yr)

Fuel oil ($1 Ral x gal/yr) 0

Gas ($/1trft3x 1trIyr) $4.00 25621 102484 Vendor B (3.6Mft3/Hrx7117hrs/yr)

Water 0

Steam 0

Other 0

0

Waste Disposal

Wastewater Treatment 0

TOTAL DIRECT OPERATING COSTS (A)- 189974

Indirect operating (fixed) costs:

Overhead 80% of 0 ok M(labor) 18606 Eng. Guide #46, Table 5-1

Property Tax 1% of capital costs 12779 Eng. Guide #46, Table 5-1

Insurance 1% of capital costs 12779 Eng. Guide #46, Table 5-1

Administration 2% of capital costs 25558 Eng. Guide #46, Table 5-1

Capital Recovery CRF" 0.156 $1,277,915 199355

(9.0% for 10 years) Enr;. r;uide #46, Table 5-3

TOTAL FIXED COSTS (B)- 269077

Credits
Product recovery

Heat recovery

TOTAL CREDITS (C)- 0

TOTAL ANNUAUZED COSTS (A +B minus C)- 459051

Uncontrolled Emissions Rate (ton'f'year)- 4.8

Overall (Capture &: device eff.)Control

System Efficiency (%)- 90

Controlled Emissions (ton'f'year)- 4.32

Cost (S/ton)- 106262
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Annualized Cost Analysis
Scenario 2· Storage
Control System: Biofilter for 36,000 sdny'PUNB Core Storage

Averue Adiustment
Cost Item Cost Factor Factor Cost ($5) Basis of Costs

Direct Costs:
Basic Equipment:

'biofilter 1455000 Lowest Quote - Vendor E

Auxiliary Equipment/enclosure,
139201 Eng. Estimate (Appendix B-3)

make up air units cSt ductwork

Total Equipment Costs: 1594201

Instruments/controls 0.10 1.00 0 Included in quote
Taxes 0.05 1.00 7mO
Freidlt 0.05 1.00 7mO

Base Price: 1753621

Installation costs, direct:
Foundations/Supports 0.08 1.00 0 included in quote
Erection/handlinR 0.14 1.00 0 Included in quote
Electrical 0.04 1.00 0 included in quote
PipinR 0.02 1.00 0 included in quote
Insulation 0.01 1.00 0 included in quote
PaintinR 0.01 1.00 0 included in quote
Site preparation 0.00 1.00 0 included in quote
Faci1ities/buildinRs 0.00 1.00 0 included in QUote

Totallnstallatlon Costs: 0

TOTAL DIRECT COSTS (Base Price + Installation)" 1753621

Installation costs, indirect:

EnRineerinR/supervision 0.05 1.00 0 included in quote
Construction/field eXl'enSeS 0.10 1.00 0 included in Quote
Construction fee 0.10 1.00 0 included in quote
Start-up 0.02 1.00 0 included in Quote
Performance Test 0.005 1.00 8768 Estimate for Method 25A inlet/outlet
Model study 0,00 1.00 0

Contingencies 0.03 5.00 263043
Eng Guide 146, Table 4-4, new application of control technology and
IRUaranteed performance

TOTAL INDIRECT COSTS- 271811

TOTAL CAPITAL COSTS (Direct + Indirect).. 2025432
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Annualized Cost An~IY8is
Scenuio 2 • Stor~,e
Control System: Biofilter for 36,000 scfny'PUNB Core Stora,e

Cost Item Sr'unit unitslvr Cost

Direct Oneratincr Costs:

Operatinll; Labor:
Operator (S/HR X HRS/YR) 25 0 0 Vendor E estimate
Supervlsion(I5% of laborl 0

Operatinll; Materials 46200 Vendor E estimate - annual media costs

Maintenance (lI;eneral):
Labor 27.5 100 2750 Vendor E quote
Materials {l00% of laborl 2750

Replacement parts (as required) 0
Labor (100% of parts cost) 0

Utilities:
Electricity ($/KWHxKWH/vr) $0.06 233454 14007 Vendor E quote (32.8 kwh x 7117)
Fuel oil (S/~al x ~al/yr) 0
Gas (S/1()lft3x l()l/vr) 0
Water 0
Steam 0
Other 0

0
Waste DisPOSal.

Wastewater Treatment 0

TOTAL DIREcrOPERATlNG COSTS (A)" 657f17

Indirect onPratinlZ (fixed) costs:
Overhead 80% of 0 & M(labor) 2200
Property Tax 1%of capital costs 20254
Insurance 1%of capital costs 20254
Administration 2% of capital costs . 40509
Capital Recovery CRF- 0.11 S2,025,432 222798

(9.0% for 20 years) equipment vendor estimate
TOTALBXEDCOSTSro)- 306015

Credits
Product recovery
Heat recovery

TOTAL CREDITS (C)a 0

TOTAL ANNUALIZED COSTS (A +B minus Q= 371722

UncontrolIed Emissions Rate (tonS/'year)- 4.8

Overall (Capture & device eff.)Control
System Efficiencv ("!o)- 90

Controlled Emissions (tons/year)" 4.32

Cost (Sr'ton)- 86047

I:\WPCOL\PJT\OO-02211\04\T3-12BIO.XLS
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Annualized Cost Analysis
Scenario 3· Production
Control System: Concentrator/oxidizer w;SS,OOO scfm ventilation from enclosure for PUNB mold production

Averu:e Adiustment
Cost Item Cost Factor Factor CostlSsl Basis of Costs

Direct Costs:
Basic Equipment:

oxidizer, fan controls,stackJduct 1300000 Lowest Quote. Vendor C

AuxUiary Equipment/ enclosure, , -. 468818 Eng. Estimate (Appendix E-3)
Im,,1c... un aiT·" ..I ductwnr1c 10

!. , -

Total Equipment Costs: 1768818

Instruments/controls 0.10 1.00 a Included in quote
Taxes 0.05 1.00 88441
Frei2ht 0.05 1.00 88441

Base Price: 1945700

Instalbtion costs, direct:
Foundations/Supports 0.08 1.00 155656 En!!: Guide #46, Table 4-3
Erection/handlin2 0.14 1.00 272398 En2 Guide #46, Table 4-3
Electrical 0.04 1.00 77828 En2 Guide #46, Table 4-3
Pipin~ 0.02 1.00 38914 En~ Guide '46, Table 4-3
Insulation am 1.00 19457 En!!: Guide '46, Table 4-3
Paintin2 0.01 1.00 19457 En!!: Guide 146, Table 4-3
Site preparation 0.00 1.00 a En!!: Guide '46, Table 4-3
FacUities/buildin~s 0.00 1.00 a En!!: Guide 146, Table 4-3

Total Installation Costs: 583710

mTAL DIREcrCOSTS (Base Price + Installation)- 2529410

InstallOition costs, indirect:

Enltineerin2/suoervlsion 0.05 1.00 97285 En2 Guide '46, Table 4-3
Construction/field expenses 0.10 1.00 194570 Enlt Guide '46, Table 4-3
Construction fee 0.10 1.00 194570 En!!: Guide #46, Table 4-3
Start-up 0.02 1.00 38914 En!!: Guide '46, Table 4-3
Performance Test 0.006 1.00 11674 Estimate for Method 25a inlet/outlet
Model study 0.00 1.00 a
Continltencies 0.03 1.00 58371 En2 Guide '46, Table 4-3

mTAL INDIREcr COSTS" 595384

mTAL CAPITAL COSTS (Direct + Indirect)- 3124794

i:\wpcol\pjt\OO-02211\04\T3-13CON.XLS
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AnnuAlized Cost AnAlysis
Scenario 3 - Production
Control System: Concentratorfoxidizer w/SS,OOO sefm ventilation from enclosure for PUNB mold production

Cost Item Sw'unit unitslvr Cost

Direct Oneratin~Costs:

OPEratinl/; Labor:

Operator (S/HR X HRS/YR) 25 350 8750
Eng. Guide #46, Table 5-2 (5 hIs/shift x
2 shilts/day x 36S days/yr)

SUJ)ECVision(15% ollabor) 1313

OPEratinl/; Materials 0

Maintenance (lI;eneral):

Labor 275 350 9625
Eng. Guide 146, Table 5-2 (5 hrs/shift x
2 shilts/day x 365 days/yr)

Materials (100% of labor) 9625

Replacement parts (as required) 40000 Vendor C Quote
Labor (100% of parts cost) 40000 Enlt. ltuide 146

Utilities:
Eectridtv (S/KWHxKWH/vr) $0.06 1904000 114240 Vendor C Quote (340 KWH x 5600 hrs/yr
Fuel oil (S/l!:al x l!:al/vr) 0
Gas (S/1(}1ft3x l(}1ft3/vr) $4.00 6720 26880 Vendor C Quote (1.2 Mft3/Hr x 56OOhrs/
Water 0
Steam 0
Other 0

Waste Dispasal

Wastewater Treatment 0

TOTAL DIRECTOPE"~ATlNGCOSTS (A)- 2504.33

Indirect oneratin~ (fixed) costs:
Overhead 80% of 0 &: Maabor) 14700 Enlt. Guide #46, Table 5-1
ProPErty Tax 1%of capital costs 31248 Enlt. Guide 146, Table 5-1
Insurance 1% of capital costs 31248 En2. Guide 146, Table 5-1
Administration 2% of capital costs 62496 Enl!:. Guide 1146, Table 5-1
Capital Recovery CRF- 0.156 $3,124,794 487468

(9.0% for 10 vears) Enlt. ltuide #46, Table 5-3
TOTAL FIXED COSTS (B)- 627160

Credits
Product recovery
Heat recovery

TOTAL CREDITS (0- 0

TOTAL ANNUALIZED COSTS (A +B minus 0= 877592
I

Uncontrolled Emissions Rate (tonslveu)" 13.4
I

Overall (Capture &: device eff.)Control
System Efficlenev (%)- 90

Controlled Emissions (tons/vear)- 12.06

Cost (S{ton)" I 72769

i:\wpcol\pjt\OO-02211\04\T3-13CON.XLS
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Annualized Cost Analysis

Scenario 3 - Production

Control System: Regen.Thermal oxidizer wj'85000 sefm ventilation from enclosure for PUNB mold production

Average Adjustment

Cost Item Cost Factor Factor Cost ($5) Basis of Costs

Direct Costs:

Basic Equipment:

oxidizer, fan,. controls,stack/duct 1260682 Vendor B Quote

Auxiliary Equipment/enclosure, , 468818 --- Eng. Estimate (Appendix E-3)
make-up air units and ductwork

Total Equipment Costs: 1729500

Instruments/controls 0.10 1.00 0 Included in quote
Taxes 0.05 1.00 86475
Freight 0.05 1.00 86475

Base Price: 1902450

Installation costs, dlrect:

Foundations/Supports 0.08 1.00 152196 Eng Guide #46, Table 4-3

Erection/handlin~ 0.14 1.00 266343 Eng Guide #46, Table 4-3

Electrical 0.04 1.00 76098 Eng Guide #46, Table 4-3

Piping 0.02 1.00 38049 Eng Guide #46, Table 4-3

lnsuIation 0.01 1.00 19025 Eng Guide #46, Table 4-3

Painting 0.01 1.00 19025 Eng Guide #46, Table 4-3

Site preparation 0.00 1.00 0 Eng Guide #46, Table 4-3

Facilities/buildings 0.00 1.00 0 En~ Guide #46, Table 4-3

TotallnstalIation Costs: 570735

TOTAL DIRECT COSTS (Base Price + Installation)- 2473185

Installation costs, Ind1rect:

Engineering/supervision 0.05 1.00 95123 Eng Guide #46, Table 4-3

Construction/field expenses 0.10 1.00 190245 Eng Guide #46, Table 4-3

Construction fee 0.10 1.00 190245 Eng Guide #46, Table 4-3
Start-up 0.02 1.00 38049 Eng Guide #46, Table 4-3

Performance Test 0.006 1.00 11415 Estimate for Method 25a inlet/outlet
Model study 0.00 1.00 0
Contingencies 0.03 1.00 57074 Eng Guide #46, Table 4-3

TOTAL INDIRECT COSTS- 582150

TOTAL CAPITAL COSTS (Direct + Indirect)- 3055335

Page 1 of 2
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Annualized Cost Analysis

Scenario 3 - Production

Control System: Regen.Thermal oxidizer w;ssoOO scfm ventilation from enclosure for PUNB mold production

Cost Item $/unit units/yr Cost

Direct OoeratiI'll~Costs:

Operatinl/; Labor:

Operator ($/HR X HRS/YR) 25 36S 9125 (a) Eng. Guide #46, Table 5-2 (.5 hIs/shilt x 2 shilts/day x 36S days/yr)
Supervision(1S% of labor) 1369

0

Maintenance (Reneral):

Labor 27.5 36S 10038 (b) Eng. Guide #46, Table 5-2 (.5 hIs/shift x 2 shifts/day x 365 days/yr)
Materials (100% of labor) 10038

Replacement parts (as required) 0

Labor (100% of parts cost) 0

Utilities:

Elechicity ($/KWHxKWH/yr) $0.06 1540000 92400 vendor(27S KWH x 56OOhrs/yr)

Fuel oil ($/gal x gal/yr) 0

Gas ($/10'ft3x 10'/yr) $4.00 47040 188160 vendor(8.SMft3/Hrx 5600hrs/yr)

Water 0

Steam 0

Other 0

0

Waste Disposal

Wastewater Treatment 0

TOTAL DIRECT OPERATING COSTS (A)a 311129

Indirect ooeratin2 (fixed) costs:

Overhead 80% of 0 & M(1abor 15330 Eng. Guide #46, Table 5-1

Property Tax 1% of capital costs 30553 Eng. Guide #46, Table 5-1

Insurance 1% of capital costs 30553 Eng. Guide #46, Table 5-1

Administration 2% of capital costs 61107 Eng. Guide #46, Table 5-1

Capital Recovery CRF- 0.156 $3,055,335 476632

( 9.0% for 10 years) Enl/;. ltuide #46, Table 5-3

TOTAL FIXED COSTS (B)a 614176

Credits

Product recovery

Heat recovery

TOTAL CREDITS (C)- 0

TOTAL ANNUAUZED COSTS (A +B minus qa 925304

Uncontrolled Emissions Rate (tons/year)a 13.4

Overall (Capture &: device elf.)Control

System Efficiency (%)- 90

Controlled Emissions (tons/year)- 12.06

Cost ($/ton)"" 76725

Page 2 of 2
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Annualized Cost Analysis
Scenario 3· Production
Control System: Biofilter for 85,000 sdny'PUNB Mold Production

Aver.lJ:e Adlustment
Cost Item Cost Factor Factor Cost (Ss) Basis of Costs

Direct Costs:
Basic Equipment:

'bioCUter - nsoooo Lowest Quote - Vendor D

Auxiliary Equipment/enclosure,
468818 Eng. Estimate (Appendix Eo3)

make up air units & ductwork -

Totai Equipment Costs: 2818818

Instruments/controls 0.10 1.00 0 Include in QUote
Taxes 0.05 1.00 140941
FreiRht 0.05 1.00 140941

Base Price: 3100700

Instalbtion costs, direct:
Foundations/Supports 0.08 1.00 0 included in quote
Erectionlhandlinll: 0.14 1.00 0 included in QUote
Electrical 0.04 1.00 0 included in quote
PipinR 0.02 1.00 0 iitcluded in quote
Insulation 0.D1 1.00 0 included in quote
PaintinR 0.D1 1.00 0 included in QUote
Site preparation 0.00 1.00 0 included in QUote
Facililles/buUdinRs 0.00 1.00 0 included in quote

Total Installalion Costs: 0

TOTAL DIRECT COSTS (BOIse Price + Installation)- 3100700

Inst..Uation costs, indirect:

En~ineerin~/supervision 0.05 1.00 0 included in quote
Construction/Held eXPeJ\Se5 0.10 1.00 0 included in quote
Construction lee 0.10 1.00 0 included in quote
Start-up 0.02 1.00 0 included in quole
Performance Test 0.003 1.00 7752 Estimate lor Method 25A inlet/outlet
Modelstudv 0.00 1.00 0

Contingendes 0.03 5.00 465105
Eng Guide '46, Table 4-4, new application of control technology and
I~aranteedperformance

TOTAL INDIRECT COSTS- 472857

TOTAL CAPITAL COSTS (Direct + Indirect)- 3573557

i:\wpcol\pjt\OO-2211\04\T3-15BIO.XLS
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Annualized Cost Analy.i.
Scenario 3 - Production
Control System: Biofilter for 85,000 scfnVPUNB Mold Production

Cost Item St'unit unlts/vr Cost

Direct Oneratinv Costs:

OperatinR Labor.
Operator ($/HR X HRS/YR) 25 0 0
Supervision(l5% of labor) 0

Operatinst Materials 109100 Vendor E estimate of annual media costs

Maintenance (steneral):
Labor 17.5 50 1375 Vendor D Quote
Materials (l00% of labor) 1375

Replacement parts (as required) 0
Labor (l00% of parts cost) 0

Utilities:
Electridty (S/KWHxKWH/vr) $0.06 430080 25805 Vendor E Estimate (76.8 KWH x 5600 hn/yr)
Fuel oil (S/l1;al x Ral/vr) 0
Gas (SI1()3Ct3x 1()3/vr) 0
Water 0
Steam 0
Other 0

0
Waste Disposal

Wastewater Treatment 0

TOTAL DIRECT OPERATING COSTS (A)- 137655

Indirect oneratinv (Cixed) costs:
Overhead 80% of 0 &£ MOabor 1100
Property Tax 1% of capita! costs 35736
Insurance 1%of capital costs 35736
Administration 2% of capital costs 71471
Capital Recovery CRF- 0.11 $3,573,557 393091

(9.0% Cor 20 years) lequipment vendor estimate
TOTAL FIXED COSTS (8). 537133

Credits
Product recovery
Heat recovery

TOTAL CREDITS (0- 0

TOTAL ANNUALIZED COSTS (A +B minus 0" 674788

Uncontrolled Emissions Rate (ton!!,'year)- 13.4

Overall (Capture &£ device eff.)Control
System Efficiency (%)" 90

Controlled Emissions (ton!!,fyeu)- 12.06
I

Cost ($,Iton)- 55953

i:\wpcol\pjt\OO-2211\04\T3-1SBIO.XLS
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Annualized Cost Analysis

Scenario 3 - Storage

Control System: Concentrator/oxidizer w/156,OOO scfm ventilation' &om enclosure for PUNB mold storage

I Average Adjustment
I

Cost Item Cost Fador Factor Cost ($5) Basis of Costs

Dired Costs:

Basic Equipment

adsorber/oxidizer, fan
2115295

Low Quote - Vendor F scaled (0.7 per eng. guide #46, section 3.2) for
controls,stack/duct 156,000 scfm

Auxiliary Equipment/enclosure,
386582 Eng. Estimate (Appendix E-3)

make-up air units and ductwork to

Total Equipment Costs: 2501877

Instruments/controls 0.10 1.00 0 Included in quote
Taxes 0.05 1.00 125094

Freight 0.05 1.00 125094

Base Price: 2752065

,: Installation costs, direct:
: Foundations/Suppons 0.08 1.00 220165 Eng Guide #46, Table 4-3

Erection/handling 0.14 1.00 385289 Eng Guide #46, Table 4-3

Electrical 0.04 1.00 110083 Eng Guide #46, Table 4-3
Piping 0.02 1.00 55041 Eng Guide #46, Table 4-3

I Insulation 0.01 1.00 27521 Eng Guide #46, Table 4-3
I Painting 0.01 1.00 27521 Eng Guide #46, Table 4-3

Site preparation 0.00 1.00 0 Eng Guide #46, Table 4-3
I Facilities/buildings 0.00 1.00 0 Eng Guide #46, Table 4-3

• Total Installation Costs: 825619

TOTAL DIRECf COSTS (Base Price + Installation)" 3577684
I

I Installation costs, indirect:

Engineering!supervision 0.05 1.00 137603 Eng Guide #46, Table 4-3
Construction/field expenses 0.10 1.00 275206 Eng Guide #46, Table 4-3

I Construction fee 0.10 1.00 275206 Eng Guide #46, Table 4-3
I Start-up 0.02 1.00 55041 Eng Guide #46, Table 4-3

Performance Test 0.0035 1.00 9632 Estimate for Method 25a inlet/outlet
I Model study 0.00 1.00 0

Contingencies 0.03 1.00 82562 Eng Guide #46, Table 4-3

TOTAL INDIRECf COSTS- 835252

I
I

TOTAL CAPITAL COSTS (Dired + Indired)- 4412936

Page 1 of 2
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Annualized Cost Analysis

Scenario 3 - Storage

Control System: Concentrator/oxidizer w/156,OOO scfm ventilation from enclosure for PUNB mold storage

ICostItem (S/unit x units/year) COST

Direct Ooeratin~ Costs:

I
I Operating Labor:

• Operator ($/HR XHRS/YR) 25 525 13125 Eng. Guide #46, Table 5-2 (.5 hrs/shift x 3 shifts/day x 350 days/yr)
I Supervision(15% of labor) 1969

I
i OperatinR Materials 0

IMaintenance (general):
I Labor 'Zl.5 40 1100 Vendor F Quote

Materials (100% of labor) 1100

I
I Replacement parts (as required) 0 Vendor F Quote

Labor (100% of parts cost) 0 Eng. r;uide #46

IUtilities:
I Electricity ($/KWHxKWH/yr) $0.06 1486800 89208 Vendor F Quote scaled to 156,000 scfm (177KWH x 84oohrs/yr)

Fuel oil ($/gal x gal/yr) 0

I Gas ($/lo'fex lo'tt3/yr) $4.00 53760 215040 Vendor F Quote scaled for 156,000 scfm (6.4Mf/hr x 8400 hrs/yr)
I Water 0

Steam 0

Other 0

I 0
Waste Disposal

I Wastewater Treatment 0
I
TOTAL DIRECT OPERATING COSTS (A)a 321542

I

IIndirect operating (fixed) costs:
Overhead 80% of 0 & M(labor) 11380 Eng. Guide #46, Table 5-1
Property Tax 1% of capital costs 44129 Eng. Guide #46, Table 5-1

I Insurance 1% of capital costs 44129 Eng. Guide #46, Table 5-1
I Administration 2% of capital costs 88259 Eng. Guide #46, Table 5-1

CapitalRecovery CRF- 0.156 $4,412.936 688418

•
(9.0% for 10 years) EnR. r;uide #46, Table 5-3

ITOTAL FIXED COSTS (8)- 876315

Credits

I Product recovery
I Heat recovery

TOTAL CREDITS (q.. 0

1
ITOTAL ANNUAUZED COSTS (A +B minus q- 1197857

.Uncontrolled Emissions Rate (tons/year)- 25.2

I
Overall (Capture & device eff.)Control

System Efficiency (%)- 90

I
Controlled Emissions (tons/year)- 2268

ICost ($/ton).. 52816

Page 2 of 2
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Annualized Cost Analysis

Scenario 3 - Storage

Control System: Regen.Thermal oxidizer w/156000 acfm ventilation from enclosure for PUND mold storage

Average Adjustment I
Cost Item Cost Factor Factor Cost ($s) Basis of Costs i

!
Direct Costs: i

Basic Equipment: I

oxidizer, fan, controls,stack/duct 3161433
Vendor A Quote for 165000 (scaling factor of 0.7 per Eng. Guide #46,
section 3.2) for 156,000 scfm !

Auxiliary Equipment/enclosure, 386582 Eng. Estimate (Appendix E-3)
,

make-up air units and ductwork i

Total Equipment Costs: 3548015 ,

Instruments/controls 0.10 1.00 0 Included in quote

Taxes 0.05 1.00 177401

Freight 0.05 1.00 177401

Base Price: 3902817

Installation costs, direct:

Foundations/Supports 0.08 1.00 312225 Eng Guide #46, Table 4-3

Erection/handling 0.14 1.00 546394 Eng Guide #46, Table 4-3

Electrical 0.04 1.00 156113 Eng Guide #46, Table 4-3

Piping 0.02 1.00 78056 Eng Guide #46, Table 4-3
Insulation 0,01 1.00 39028 Eng Guide #46, Table 4-3
Painting 0.01 1.00 39028 Eng Guide #46, Table 4-3
Site preparation 0.00 1.00 0 Eng Guide #46, Table 4-3

Facilities/buildings 0.00 1.00 0 Eng Guide #46, Table 4-3

Total Installation Costs: 1170845

TOTAL DIRECf COSTS (Base Price + Installation)- 5073661

Installation costs, indirect:

Engineering/supervision 0.05 1.00 195141 Eng Guide #46, Table 4-3

Construction/ field expenses 0.10 1.00 390282 Eng Guide #46, Table 4-3
Construction fee 0.10 1.00 390282 Eng Guide #46, Table 4-3
Start-up 0.02 1.00 78056 Eng Guide #46, Table 4-3

Performance Test 0.005 1.00 19514 Estimate for Method 2501 inlet!outlet
Model study 0.00 1.00 0
Contingencies 0.03 1.00 117084 Eng Guide #46, Table 4-3

TOTAL INDIRECf COSTS" 1190359

TOTAL CAPITAL COSTS (Direct + Indirect)- 6264020

"

.' i
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Annualized Cost Analysis

Scenario 3 - Storage

Control System: Regen.Thermal oxidizer w/156000 sefm ventilation from enclosure for PUNB mold storage

Cost Item Sjunit unit¥yr Cost

Direct Ooeratinl1' Costs:

Operatinl'; Labor:

Operator ($/HR XHRS/YR) 25 525 13125 (a) Eng. Guide #46, Table 5-2 (.5 hrs/shift x 2 shifts/day x 365 days/yr)
Supervision(15% of labor) 1969

IOperating Materials 0

Maintenance (?;eneral):

Labor 27.5 525 14438 (b) Eng. Guide #46, Table 5-2 (.5 hrs/shift x 2 shifts/day x 365 days/yr)

Materials (100% of labor) 14438

Replacement parts (as required) 0

Labor (100% of parts cost) 0

Utilities:

Electricity ($/KWHxKWH/yr) $0.06 3948840 236930 (407 KWHx 84OOhrs/yr) scaled from vendor quote for 156,000 cfm syst

Fuel oil ($/ l';al x gal/yr) 0

Gas ($/1o'fex 10'/yr) $4.00 26880 107520 (3.2 Mft3/Hrx8400hrs/yr) scaled from vendor quote scaled for 156,000

Water 0

Steam 0

Other 0

0

Waste Disposal

Wastewater Treatment 0

TOTAL DIRECT OPERATING COSTS (A)'" 388419

Indirect ooeratinl!: (fixed) costs:

Overhead 80% of 0 & M(Iabor) 22050 Eng. Guide #46, Table 5-1

Property Tax 1%of capital costs 62640 Eng. Guide #46, Table 5-1

Insurance 1%of capital costs 62640 Eng. Guide #46, Table 5-1

Administration 2% of capital costs 125280 Eng. Guide #46, Table 5-1

Capital Recovery CRF- 0.156 $6,264,020 977187

(9.0% for 10 years) Enl';. ?;uide #46, Table 5-3

TOTAL FIXE[) COSTS (B)" 1249798

Credits

Product recovery

Heat recovery

TOTAL CREDITS (C).. 0

TOTAL ANNUAUZED COSTS (A +B minas q. 1638217

Uncontrolled Emissions Rate (tons/year)- 25.2

Overall (Capture Ie device eff.)Control

System Efficiency ("Io)a 90

Controlled Emissions (tons/year)" 22.68

Cost (Slton)" 72232
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Annualized Cost Analysis

Scenario 3 • Storage

Control System: Biofilter for 156,000 scfm,IPUNB Mold Storage

Average Adjustment

Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:

Basic Equipment:

'biofilter 4768535 Vendor D Quote scaled per eng. guide #46, section 3.2 (0.7 factor)
from 165,500 to 156,000 scfm

Auxiliary Equipment/enclosure, 386582 Included in quote (Appendix E-3)
make up air units &: ductwork

Total Equipment Costs: 5155117

Instruments/controls 0.10 1.00 0 Include in quote

Taxes 0.05 1.00 257756

l\rei~ht 0.05 1.00 257756

Base Price: 5670629

Installation costs, direct:

Foundations/Supports 0.08 1.00 0 included in quote

Erection/handlin~ 0.14 1.00 0 included in quote

Electrical 0.04 1.00 0 included in quote

Piping 0.02 1.00 0 included in quote

Insulation 0.01 1.00 0 included in quote

Painting 0.01 1.00 0 included in quote

Site preparation 0.00 1.00 0 included in quote

Faci1ities!buildin~ 0.00 1.00 0 included in quote

Total Installation Costs: 0

TOTAL DIRECT COSTS (Base Price + Installation)- 5670629

Installation costs, indirect:

Engineering!supervision 0.05 1.00 0 included in quote

Construction!field expenses 0.10 1.00 0 included in quote
Construction fee 0.10 1.00 0 included in quote
Start-up 0.02 1.00 0 included in quote

Performance Test 0.002 1.00 8506 Estimate for 25A inlet/outlet

Model study 0.00 1.00 0

Contingencies 0.03 5.00 850594
Eng Guide #46, Table 4-4, new application of control technology and
guaranteed performance

TOTAL INDIRECT COSTS- 859100

TOTAL CAPITAL COSTS (Direct + Indirect)- 6529729
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Annualized Cost Analysis

Scenario 3 - Storage

Conti-ol System: Biofilter for 156,000 scfJn/PUNB Mold Storage

Cost Item S/unit units/yr Cost

Direct Ooeratin" Costs:

Operating Labor:

Operator ($/HR X HRS/YR) 25 0 0

Supervision(15% of labor) 0

IOperating Materials 212450 Vendor E Quote

Maintenance (general):

Labor 27.5 50 1375 Vendor 0 Quote

Materials (100% of labor) 1375

Replacement parts (as required) 0

Labor (100% of parts cost) 0

Utilities:

Electricity ($/KWHxKWH/yr) $0.06 1192104 71526 Vendor E (141.9kwhx8400Hrs/yr) scaled from 165,000 cfm system

Fuel oil ($/gal x gal/yr) 0

Gas ($/1oJfex 10J/yr) 0

Water 0

Steam 0

Other 0

0

Waste Disposal

Wastewater Treatment 0

TOTAL DIRECT OPERATING COSTS (A)" 286726

Indirect ooeratin" (fixed\ costs:

Overhead 80% of 0 &: M(labor 1100

Property Tax 1% of capital costs 65297

Insurance 1% of capital costs 65297

Administration 2% of capital costs 130595

Capital Recovery CRF- 0.11 $6,529,729 718270

( 9.0% for 20 years) ;equipment vendor estimate

TOTAL FIXED COSTS {B)a 980559

Credits

Product recovery

Heat recovery

TOTAL CREDITS (C)- 0

TOTAL ANNUAUZED COSTS (A +B minus C)- 1267286

Uncontrolled Emissions Rate (tons/year)- 25.2

Overall {Capture &: device eff.)Control

System Efficiency ("!o)- 90

Controlled Emissions (tons/year)- 22.68

Cost ($/ton).. 55877

Page 2 of 2
i:\wpcol\pjt\OO-2211\04\T3-18BIO.xls
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Recuperative Thermal Oxidizer with 2000 scfm
Ventilation from Core Machine
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Annualized Cost Analysis
Scenario 4 - Production Area
Recuperative thermal oxidizer w/lOOO scfm ventilation from core machine

Averaj?;e Adjustment
Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:
Bask EQuipment

OX1<tizer, tan
110000 Lowest Quote - Vendor F..

.. .i t:.qwpment/ duct to
13810 Eng. Estimate (Appendix E-3)

Total EQuipment Costs: 123810

Instruments!controls 0.10 1.00 0 Included inauote
Taxes 0.05 1.00 6191
Freight 0.05 1.00 6191

Base Price: 136191

Installation costs, direct:
Foundations/Supports 0.08 1.00 10895 En", Guide #46 Table 4-3
Erection/handlin!! 0.14 1.00 19067 En!! Guide #46, Table 4-3
Electrical 0.04 1.00 5448 Env Guide #46, Table 4-3
Pipin!! 0.02 1.00 2724 Eill~ Guide #46 Table 4-3
Insulation 0.01 1.00 1362 En!! Guide #46, Table 4-3
Paintinlt 0.01 1.00 1362 En~Guide #46 Table 4-3
Site preoaration 0.00 1.00 0
Facilities/buildin!!s 0.00 1.00 0

Total Installation Costs: 40857

TOTAL DIRECT COSTS (Base Price + Installation .. 177048

Installation costs, indirect:

En~eerinJ!/suoervision 0.05 1.00 6810 En... Guide #46, Table 4-3
Construction!field exuenses 0.10 0.50 6810 smallsvstem/Table 4-3
Construction fee 0.10 1.00 13619 En!!: Guide #46, Table 4-3
Start-up 0.02 1.00 2724 En!!: Guide #46 Table 4-3
Performance Test 0 1.00 4500 Estimate for Method 25A Inlet!Outlet
Modelstudv 0.00 1.00 0
Contin2encies 0.03 1.00 4086 En... Guide #46 Table 4-3

TOTAL INDIRECT COSTS- 38548

TOTAL CAPITAL COSTS (Direct + Indirect)- 215596

i:\wpcol\pjt\OO-2211\05\T221105a.x1s
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Annwillzed Cost Analysis
Scenario 4 - Production Area
Recuperative thermal oxidizer wJ2fJOO scfm ventilation from core machine

• o. ~,

Cost Item

Direct ODeratin~Costs:

Operatin~ Labor:
Operator ($/HR X HRS/YR)
Supervisionn5% of labor)

I ODeratin2 Materials

Maintenance (~eneral):

Labor
Materials noo% of labor)

Replacement Parts (as required
Labor (100% of parts cost)

Utilities:
Electricity ($/KWHxKWH/vr)
Fuel oil 1$/2al x 2al/vr)

Water
Steam
Other

Waste Disoosal

Wastewater Treatment

Cost(SVunit

25

27.5

$0.06

$4.00

Units/vear

.365

365

40880

5840

Cost Basis of Costs

9125 En~. Guide #46 Table 5-2 (.5 hrs/ sht x 2 shtldav x 365 davs/vr)
1369

o

10038 En~. Guide #46 Table 5-2 (.5 hrs/sht x 2 shtldav x 36S days/vr)
10038

o
o

2453 Vendor F Quote 17.0 KWH x 5840 hrs/vr)
o

23360 Vendor F Quote (1Mft3/hr x 5840 hrs/vr)
o
o
o
o

o

TOTAL DIRECT OPERATING COSTS (A)a 56382

i

-'

Indirect operatin!!: lfixed) costs:
Overhead
Property tax

Administration
Capital Recoverv CRF"

TOTAL FIXED COSTS (8)a

Credits
Product recovery
Heat recovery

TOTAL CREDITS {C)a

80% of 0 &: Mllabor
1% of capital costs
1% of capital costs
2% of caoital costs

0.156
( 9.0% for 10 years)

215596.05

15330
2156
2156
4312
33633

57587

o
o

o

En2. Guide #46, Table 5-1
En!!:. Guide #46 Table 5-1
En~. Guide #46 Table 5-1
En!!:. Guide #46 Table 5-1
En!!:. Guide #46 Table 5-1
En~. guide #46 Table 5-3

:.,'

~o

TOTAL ANNUAUZED COSTS (A +B minus C)-

Uncontrolled Emissions Rate (tonslYear)..

Overall (Capture & device eff.)Control
System Efficiencv ("Io)a

Controlled Emissions (tons/vear)-

Cost {$!ton)a

113968

4.7

90

4.23

26943

i:\wpeol\pjt\OO-2211\05\T22110Sa.xls
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Recuperative Catalytic Oxidizer with 2000 scfm
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Annualized Cost Analysis
Scenario 4 - Production Area
Control System: Recuperative catalytic oxidizer wj2000 scfm ventilation from core machine

Averaee Adjustment
Cost Item Cost Factor Factor Cost ($5) Basis of Costs

Direct Costs:
Basic Eauioment

oXlC1IZer, ran
120000 Lowest Quote - Vendor F_..

. . . . u ..... <0
13810 Eng. Estimate (Appendix E-3). ,.

Total Eauipment Costs: 133810

Instruments!controls 0.10 1.00 0 Included in Quote
Taxes 0.05 1.00 6691
Freieht 0.05 1.00 6691

Base Price: 147191

Installation costs, direct
Foundations!Supports 0.08 1.00 11775 Ene Guide #46, Table 4-3
Erection/handline 0.14 1.00 20607 Ene Guide #46, Table 4-3
Electrical 0.04 1.00 5888 Ene: Guide #46, Table 4-3
Pipine 0.02 1.00 2944 Ene Guide #46 Table 4-3
Insulation 0.01 1.00 1472 Ene: Guide #46, Table 4-3
Paintine 0.01 1.00 1472 Ene Guide #46 Table 4-3
Site oreparation 0.00 1.00 0
FacilitiesI buildin2s 0.00 1.00 0

Total Installation Costs: 44157

TOTAL DIRECT COSTS (Base Price + Installation)" 191348

Installation costs, indirect:

Eneineerine:!suoervision 0.05 1.00 7360 Ene Guide #46 Table 4-3
Construction! field expenses 0.10 0.50 7360 small capacity svstem/Table 4-3
Construction fee 0.10 1.00 14719 Ene: Guide #46, Table 4-3
Start-up 0.02 1.00 2944 Ene Guide #46 Table4-3
Performance Test 0 1.00 4500 Estimate of inlet/outlet usine Method 25A
Modelstudv 0.00 1.00 0
Contine:encies 0.03 1.00· 4416 Ene Guide #46 Table 4-3

TOTAL INDIRECT COSTS= 41298

TOTAL CAPITAL COSTS a irect + Indirect)- 232646

i:\wpcol\pjt\00-2211\ 05\T22110Sa.xls
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Annualized Coat Analysis
Scenario 4 - Production Area
Control System: Recuperative catalytic oxidizer w/lOOO acfm ventilation from core machine

Coat Item Cost ISVunit Units/vear Cost

Direct OPeratin!! Costs:

Ooeratin!! Labor:
OPerator ($/HR XHRS/YR 25 365 9125 Ene. Guide #46 Table 5-2 (.5 hrslsht x 2 shtldav x 365 davs/vr)
Supervision(15% of labor) 1369

Ivperaong
/ Catalyst/amoritized 2028 Vendor F Quote - 5 year catalyst life
(CCR-o.26) at 9% for 5 years
In?ft':\ .•,.,. -
Maintenance (eeneral):
Labor 27.5 365 10038 En!!. Guide #46 Table 5-2 (,5 hrs/sht x 2 shtldav x 365 davs/vr
Materials noo% of labor) 10038

Reulacement Darts (as reauired) 0
Labor (100% of Darts cost) 0

Utilities:
Electricitv (S/KWHxKWH/v $0.06 40880 2453 Vendor F Quote (7.0 KWH x5840 hrs/vr)
Fuel oil ($1~ x /tal/vr) 0
Gas ($I1<Yft3x l~feIvr) $4.00 1927 7708 Vendor F Quote (O.33Mft3/hr x 5840 hrs/vr)
Water 0
Steam 0

0
Waste Disposal

Wastewater Treatment 0

TOTAL DIREcr OPERATING COSTS (A)- 42758
Indirect oneratine (fixed) costs:
Overhead ~O% of 0 & M/labor 15330 En2. Guide #46 Table 5-1
Protlertv Tax 1% of capital costs 2326 Ene. Guide #46 Table 5-1
Insurance 1% of capital costs 2326 En/t. Guide #46, Table 5-1
Administration 2% of capital costs 4653 En!!. Guide #46 Table 5-1
Capital Recoverv CRF- 0.156 232646.05 36293

19.0% for 10 vears) En/t. ~de #46 Table 5-3
TOTAL FIXED COSTS (B)- 60929

Credits
Product recoverY

TOTAL CREDITS IC)- 0

TOTAL ANNUAUZED COSTS (A +B minus C)- 103686

Uncontrolled Emissions Rate tons/year)- 4.7

Overall (Capture &: device eff.)Control
System Efficiencv (%)- 90

Controlled Emissions (tons/vear)- 4.23
I

Cost (S/ton)- 24512

i:\wpcol\pj t\DO-2211\05\T221105a.xls
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Carbon Absorption (DisposablefRechargable)
with 2,000 scfm Ventilation from Core Machine
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Annualized Cost Analysis
Scenario 4 - Production Area
Control System: Carbon adsorption (disposable/rechargeable) wflOOO scfm ventilation from core machine

Averal':e Adjustment
Cost Item Cost Factor Factor Cost (55) Basis of Costs

Direct Costs:
Basic Eauipment: '.

unit, fan controls,stack/duet 14320
Vendor G Quote at :HOOD/unit X 2 units;
envr ~t of~ fan and '1;1320 ductwork

.. !:qwpment/duct to
13810 (Appendix E-3)

Total Equipment Costs: 28130

Instruments/controls 0.10 1.00 0
Taxes 0.05 1.00 1407
Frei2ht 0.05 1.00 1407

Base Price: 30943

Installation costs, direct:
Foundations/Supports 0.08 1.00 2475 En2 Guide #46 Table 4-3
Erection/handlin2 0.14 1.00 4332 Enl': Guide #46, Table 4-3
Electrical 0.04 1.00 1238 En2 Guide #46, Table 4-3
PiPin2 0.02 1.00 619 Enlt Guide #46, Table 4-3
Insulation 0.01 1.00 309 En\! Guide #46 Table 4-3
Paintin2 om 1.00 309 En2 Guide #46 Table 4-3
Site oreParation 0.00 1.00 0
Facilities/buildin2s 0.00 1.00 0

Totallnstallation Costs: 9283

TOTAL DIRECT COSTS (Base Price + Installation - 40226

Installation costs, indirect:

Enl!ineerin\!/supervision 0.05 1.00 1547 En2 Guide #46 Table 4-3
Construction/field 0.10 0.50 1547 small system/Table 4-3
Construction fee 0.10 1.00 3094 En\! Guide #46, Table 4-3
Start-up 0.02 1.00 619 En2 Guide #46, Table 4-3
Performance Test 0 1.00 4500 Estimate 25A-inlet/outlet
Modelstudv 0.00 1.00 0
Contin\!encies 0.03 1.00 928 En\! Guide #46 Table 4-3

TOTAL INDIRECT COSTS- 12236

TOTAL CAPITAL COSTS (Direct + Indirect)- 52462

i:\wpcol\pjt\00-2211\05\T221105a.xls
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Annualized Cost Analysis
Scenario 4 - Production Area
Control System: Carbon adsorption (disposable/rechargeable) wflOOO scfm ventilation from core machine

",:

.,
", '

Cost Item

Direct OPeratine: Costs:

Ot>eratine: Labor:

Operator (S/HR XHRS/YR)

Supervision(15% of labor)

OPera.tin!!: Materials

Maintenance (~eneral):

Labor

Materials (100% of labor)
Replacement parts (as reauired
Labor nOO% of parts cost)

Utilities:

S/unit

25

27.5

units/vear

365

365

COST

9125

1369

o

10038

10038
o
o

Eng. Guide #46, Table 5-2 (.5 hrs/ slUt x 2
shIt/dav x 365 davs/vrl

Eng. Guide #46, Table 5-2 (.5 hrs/slUt x 2
shft/dav x 365 davs/VT'

Electricitv (S/KWHxKWH/vr)
Fuel oil (S/ ~al x ~al/vrl

Gas (S/lCrfrx 1<rIvrl
Water
Steam
Other

Waste Disposal

Wastewater Treatment

$0.06

$4.00

33110 1987 Pressure drop 12 inches and 7.6 BHP
o
o
o
o
o

301764 Vendor quote ($292/lb x 103,344lbs used

o

TOTAL DIRECT OPERATING COSTS (A)- 334319

.~,.'

~
i

" .. I','" .
U,\ 1

Indirect ooeratin!!: (fixedl costs:
Overhead
Property Tax
Insurance
Administration
Capital Recoverv CRF-

TOTAL FIXED COSTS (B)..

Credits
Product recOVery
Heat recovery

TOTAL CREDITS (C)-

80% of 0 &: M(labor
1% of capital costs
1% of capital costs
2% of capital costs

0.156
( 9.0% for 10 vearsl

52461.65

15330
525
525

1049
8184

25612

o

En~. Guide #46 Table 5-1
En!!:. Guide #46 Table 5-1
Ene. Guide #46 Table 5-1
En~. Guide #46 Table 5-1
En!!:. Guide #46 Table 5-1
Ene. ~ide #46 Table 5-3

::j
.. i

.11
;;..,J.

""..,',,'"
"

.... '....~

TOTAL ANNUAliZED COSTS fA +B minus C)-

I
Uncontrolled Emissions Rate (tonslvear)·

I
Overall (Capture &: device eff.)Control
System Efficiency ('10)-

Controlled Emissions (tonslvear)·

Cost ($/ton)"

359932

4.7

90

4.23

85090

i:\wpcol\pjt\00-2211\05\T22110Sa.xls
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Concentrator Oxidizer with 58,000 scfm Ventilation
from Enclosure Around PUCB Storage
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Annualized Cost Analysis
Scenario 4 - Storage Area
Control System: Concentrator/oxidizer w/58,OOO scfm ventilation from enclosure around PUCB storage

Averajte Adjustment
Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:
Basic Eauioment:

adsorber/oxidizer, fan
965000 Vendor F Quote..

_/ t:qwpment/ enclosure,
164288 Eng. Estimate (Appendix E-3),al. ~':A

Total Eauioment Costs: 1129288

Instruments I controls 0.10 1.00 0 Included in auote
Taxes 0.05 1.00 56464
Frei!!'ht 0.05 1.00 56464

Base Price: 1242217

Installation costs, direct:
Foundations/Suooort5 0.08 1.00 99377 Ene: Guide #46 Table 4-3
Erection/handlinsr 0.14 1.00 173910 Ene: Guide #46 Table 4-3
Electrical 0.04 1.00 49689 Ene: Guide #46 Table 4-3
Pioine: 0.02 1.00 24844 En~ Guide #46, Table 4-3
Insulation 0.01 1.00 12422 Ene: Guide #46 Table 4-3
Paintine: 0.01 1.00 12422 En~ Guide #46 Table 4-3
Site oreoaration 0.00 1.00 0
Facilities/buildine:s 0.00 1.00 0

Total Installation Costs: 372665

TOTAL DIRECT COSTS (Base Price + Installation)- 1614882

Installation costs, indirect:

Ene:ineerine:I suoervision 0.05 1.00 62111 Ene: Guide #46 Table 4-3
Construction/field exoenses 0.10 1.00 124222 Table 4-3
Construction fee 0.10 1.00 124222 En~Guide #46, Table 4-3
Start-uo 0.02 1.00 24844 Ene: Guide #46 Table 4-3
Performance Test 0 1.00 9000 Estimate for 25a inlet/outlet
Modelstudv 0.00 1.00 0
Contine:encies 0.03 1.00 37267 Ene: Guide #46, Table 4-3

TOTAL INDIRECT COSTS- 381665

TOTAt CAPITAL COSTS (Direct + Indirect)- 1996547

i:\wpeol\pjt\00-2211\05\'I221105a.xls
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Annualized Cost Analysis
Scenario 4 - Storage Area
Control System: Concentrator/oxidizer w/58,OOO scfm ventilation from endosure around PUCB storage

Cost Item (S/unit x units( lI'ear) COST

Direct Ooeratin!! Costs:

()peratin!! Labor:
Operator ($/HR X HRS/YR) 25 547 13675 En!!. Guide #46 Table 5-2 (.5 hrs/sht x 3 shtslday x 365
Supervision(l5% of labor) 2051

OI>eratin!! Materials 0

Maintenance (!!eneral):
Labor 27.5 547 15043 En!!. Guide #46 Table 5-2 (.5 hrs/sht x 3 shtslday x 365
Materials noo% of labor) 15043

Replacement Darts (as reauired) 0
Labor (100% of Darts cost) 0

Utilities:
Elechicitv ($/KWHxKWH/vr) $0.06 630720 37843 Vendor Quote (72 KWH x 8760 hrs/vr)
Fuel oil ($l2al x !!al/vr) 0
Gas ($l1oJft3x loJft3/vrl $4.00 4380 17520 Vendor Ouote l.5 Mft3 /hr x 8760 hrs/vr)
Water 0
Steam 0
Other 0

Waste Disoosal

Wastewater Treatment 0

TOTAL DIRECT OPERATING COSTS (A)- 101174

Indirect ooeratin!! (fixed) costs:
Overhead 80% of 0 & M(labor) 22974 En!!. Guide #46 Table 5-1
Property Tax 1% of caDital costs 19%5 En!!:. Guide #46 Table 5-1
Insurance 1% of capital costs 19%5 En2. Guide #46 Table 5-1
Administration 2% of capital costs 39931 En!!:. Guide #46 Table 5-1
Capital Recoverv CRF= 0.156 1996546.9 311461 En!!:. Guide #46, Table 5-1

( 9.0% for 10 years) En!!:. l!:uide #46, Table 5-3
TOTAL FIXED COSTS (B)- 414297

Credits
Product recOVery

Heat recovery
TOTAL CREDITS (C)- 0

TOTAL ANNUAUZED COSTS (A +B minus C)- 515472

Uncontrolled Emissions Rate (ton8/vear)- 9.9

Overall (Capture &: device eff.)Control
System Efficiency (%)- 90

Controlled Emiaaions (tonsfyear .. 8.91

Cost ($/ton)- 57853

i:\wpeol\pjt\00-2211\ 05\T221105a.xls
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Regenerative Thermal Oxidizer with 58,000 scfm Ventilation
from Enclosure for PUCB Storage
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Annualized Cost Analysu
Scenario 4 - Storage
Control System: Regenerative Thennal oxidizer wjS8,OOO scfm ventilation from enclosure for PUCB storage

Averalte Adiustment
Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:
Basic Equipment:

oXIdizer, tan
1145000 Lowest Quote-Vendor B.

.1.

cqwpment/ endosure
164288 Eng. Estimate (Appendix B-3)

..;,. "nrl

Total Eauipment Costs: 1309288

Instruments/controls 0.10 1.00 o Included in Quote
Taxes 0.05 1.00 65464
Freil!ht 0.05 1.00 65464

Base Price: 144021

Installation costs, direct:
Foundations/SuPPOrts 0.08 1.00 11521 Enlt Guide #46, Table 4-3
Erection/handlinl!: 0.14 1.00 20163lJ Enlt Guide #46 Table 4-3
Electrical 0.04 1.00 57609 En!!: Guide #46 Table 4-3
Pipinl!: 0.02 1.00 28804 Enlt Guide #46 Table 4-3
Insulation 0.Q1 1.00 14402 En!!: Guide #46 Table 4-3
Paintin!!: 0.01 1.00 14402 En!!: Guide #46 Table 4-3
Site preparation 0.00 1.00 0
Facilities/ buildinlts 0.00 1.00 0

Total Installation Costs: 432065

TOTAL DIREcr COSTS (Base Price + Installation):- 187228

Installation costs, indirect:

Enltineerinl!:/supervision 0.05 1.00 72011 En!!: Guide #46 Table 4-3
Construction!field 0.10 1.00 144022 Table 4-3
Construction fee 0.10 1.00 144022 En!!: Guide #46 Table 4-3
Start-un 0.02 1.00 28804 En!!: Guide #46 Table 4-3
Performance Test 0 1.00 9000 Estimate for 2Sa inlet/outlet
Mode1studv 0.00 1.00 0
Contin!!:encies 0.03 1.00 43207 En!!: Guide #46 Table 4-3

TOTAL INDIREcr COSTS- 441065

TOTAL CAPITAL COSTS (Direct + Indirect)- 231334,

i:\wpcol\pjt\00-2211\ 05\T221105a.xls
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Annualized Cost Analysis
Scenario 4 - Storage
Control System: Regenerative Thermal oxidizer w/S8,OOO scfm ventilation from enclosure for PUCB storage

Cost Item (S/unit x units 'year) COST

Direct Ooeratinl! Costs:

Operating Labor:
Ooerator ($/HR X HRS/YRl
Suoervision(15% of labor)

Maintenance (\!enera!):
Labor
Materials (100% of labor)

Replacement parts (as required
Labor nOO% of Darts cost)

Utilities:
Electricitv 1$/KWHxKWH/vrl
Fuel oil ($Igal x gal/vr)

Water
Steam
Other

Waste Disuosal

Wastewater Treatment

25

27.5

$0.06

$4.00

547

547

1112520

37668

13675 Enl!. Guide #46, Table 5-2 (.5 hrs/shift x 3 shifts/day x 365 davs/v
2051

o

15043 Eng. Guide #46 Table 5-2 (.5 hrs/shift x 3 shifts/day x 365 davs/v
15043

o
o

66751 vendor auote (127 KWH x 8760 hrs/vr)
o

150672 vendor(4.3 Mft3/Hrx 8760 hrs/yr)
o
o
o
o

o

TOTAL DIRECT OPERATING COSTS (A)- 263234

'~;:t; ,
'\

, "'~w

Indirect ooeratinl! (fixed) costs:
Overhead
Prooertv Tax
Insurance
Administration
Capital Recoverv CRF-

TOTAL FIXED COSTS (B)-

Credits
Product recovery
Heat recovery

TOTAL CREDITS (C)..

80% of 0 &: M(labor)
1% of capital costs
1% of caDital costs
2% of capital costs

0.108 2313346.88
9.0% for 20 years

22974 En\!. Guide #46 Table 5-1
23133 Eng. Guide #46, Table 5-1
23133 En\!. Guide #46, Table 5-1
4626 Eng. Guide #46 Table 5-1

249841
En\!. 2uide #46 Table 5-3

365349

o

TOTAL ANNUAliZED COSTS (A +B minus a ..

Uncontrolled Emissions Rate (tons/vear)"

Overall (Capture &: device eff.)Control
System Efficienc:v (%)-

Controlled Emissions (tonsfyear)·

Cost ($/ton)-

628584

9.9

98

9.70

64789

1:\wpcol\pjt\00-2211\ 05\T221105a.xls
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Biofilter with 58,000 scfm for
PUCB Core Storage
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Annualized Cost Analysis
Scenario 4 - Storage
Control System: Biofilter wj58000 scfm for PUCB Core Storage

Avera~e Adiustment
Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:
Basic Equipment:

Biofilter 1988240
Iinterpolation of Vendor D cost per dm exhaust for 36,000 and
85 000 cfm systems (~~.28/H)OOcfm)

Equipment/enclosure/make-up 164288 Eng. Estimate (Appendix B-3)

Total Equipment Costs: 2152528

Instrumentslcontrols 0.10 1.00 0 Included in auote
Taxes 0.05 1.00 107626
Freight 0.05 1.00 107626

Base Price: 2367781

Installation costs, direct:
Foundations/Supports 0.08 1.00 0 Included in vendor Quote
Erection/handlinl!: 0.14 1.00 0 Included in vendor Quote
Electrical 0.04 1.00 0 Included in vendor Quote
Piping 0.02 1.00 0 Included in vendor auote
Insulation 0.01 1.00 0 Included in vendor Quote
Painting 0.01 1.00 0 Included in vendor auote
Site preoaration 0.00 1.00 0 Included in vendor Quote
Facilities/buildinl!:s 0.00 1.00 0 Included in vendor Quote

Total Installation Costs: 0

TOTAL DIREcr COSTS (Base Price + Installation).. 2367781

Installation costs, indirect:

Engineering/supervision 0.05 1.00 0 Included in vendor auote
Construction/field expenses 0.10 1.00 0 Included in vendor Quote
Construction fee 0.10 1.00 0 Included in vendor auote
Start-uP 0.02 1.00 0 Included in vendor Quote
Performance Test 0 1.00 9000 Est for Method 25A inlet!outlet
Modelstudv 0.00 1.00 0

Contingencies 0.03 5.00 355167
Eng Guide #46, Table 4-4, new application of control technol0g}
and l!:Uaranteed nerformance

TOTAL INDIREcr COSTS" 364167

TOTAL CAPITAL COSTS (Direct + Indirect).. 2731948

i:\wpeol\pjt\00-2211\ 05\T22110Sa.xls
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Annualized Cost Anillysis
Scenario 4 • Storage
Control System: Biofilter wj58000 scfm for PUCB Core Storage

Cost Item (S/unit x unitslvear\ COST

Direct Ooeratinlr Costs:

Ooeratinlr Labor:
Operator (S/HR X HRS/YR)
Supervision(l5% of labor)

Ooeratinlr Materials

Maintenance (general):
Labor
Materials (100% of labor)

Replacement oarts (as reauired
Labor (100% of Parts cost)

Utilities:
Electricitv (S/KWHxKWH/yr)
Fuel oil (SI gal x gal/vr)
Gas (Sl1iffex lifIvr\
Water
Steam
Other

Waste Di.soosal

Wastewater Treatment

25

'17.5

$0.06

o

50

394200

o Vendor D Estimate
o

o Vendor D Estimate

1375 Vendor D Estimate
1375

74250 Vendor E Estimate ($1.281 cfm) for annual media costs
74250

23652 Scaled from 37 000 scfm system (45 KWHx8760hrs/yr))
o
o
o
o
o
o

o

TOTAL DIREcr OPERATING COSTS (A)- 174902

I:~;'(' i

Indirect operating (fixed) costs:
Overhead
Property Tax
Insurance
Administration
Capital Recoverv CRF-

TOTAL FIXED COSTS (B)..

Credits
Product recovery
Heat recoverY

TOTAL CREDITS (C)-

0% of 0 & MOabor
1% of capital costs
1% of capital costs
2% of capital costs

0.11
I( 9.0% for 20 years

S2,731948

1100
27319
27319
54639

300514
Vendor E estimate of equipment life

410892

o

.~' ~ : :

.i

TOTAL ANNUALIZED COSTS (A +B minus C).

Uncontrolled Emissions Rate (tonsfyear)-
I

Overall (Capture Ie device eff.\ControJ
System Efficiency ("10)-

Controlled EmIssions (tonsfyear)-

Cost (S/ton)-

585794

9.9

90

8.91

65746

1:\wpeol\pjt\00-2211\05\T221105a.x1s
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Concentrator/Oxidizer with 127,500 scfm Ventilation
from Enclosure for PUNB Mold Production
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Annualized Cost Analysis
Scenario 5 - Production
Control System: Concentrator/oxidizer w/lZl,soo scfm ventilation from enclosure for PUNB mold production

Averalte Adjustment
Cost Item Cost Factor Factor Cost ($5) Basis of Costs

Direct Costs:
Basic EQuipment:

oXidiZer, tan
1530000 Vendor F Quote.

.t:.qwpment/ enClOSure
492621 Eng. Estimate (Appendix E-3)• • ..l

Total EQuipment Costs: 2022621

Instruments/controls 0.10 1.00 0 Included in Quote
Taxes 0.05 1.00 101131
Freildlt 0.05 1.00 101131

Base Price: 2224883

Installation costs, direct:
Foundations/Supports 0.08 1.00 177991 En2: Guide #46 Table 4-3
Erection/handlin2: 0.14 1.00 311484 Eng Guide #46 Table 4-3
Electrical 0.04 1.00 88995 En2: Guide #46 Table 4-3
Piping 0.02 1.00 44498 Eng Guide #46, Table 4-3
Insulation 0.01 1.00 22249 Eng Guide #46 Table 4-3
Paintin!!: 0.01 1.00 22249 En!!: Guide #46, Table 4-3
Site preparation 0.00 1.00 0
Facilities/ buildings 0.00 1.00 0

Total Installation Costs: 667465

TOTAL DIRECT COSTS (Billie Price + Installation)- 2892348

Installation costs, indirect:

Engineering/SUPervision 0.05 1.00 111244 En!!: Guide #46 Table 4-3
Construction/field eXPeI\Se5 0.10 1.00 222488 En!!: Guide #46 Table 4-3
Construction fee 0.10 1.00 222488 Enlt Guide #46 Table 4-3
Start-up 0.02 1.00 44498 En!!: Guide #46 Table 4-3
Performance Test 0.006 1.00 9000 Estimate for Method 25a inlet/outlet
Modelstudv 0.00 1.00 0
Contin!!:encies 0.03 1.00 66746 En!!: Guide #46 Table 4-3

TOTAL INDIRECT COSTS- 676465

TOTAL CAPITAL COSTS (Direct + Indirect)- 3568813

i:\wpcol\pjt\00-2211\ 05\T221105a.xls
4/16/98
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Regenerative Thermal Oxidizer with 127,500 scfm Ventilation
for PUNB Mold Production
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Annualized Cost Analysis
Scenario 5 - Production
Control System: Concentrator/oxidizer w/127,500 scfm ventilation from enclosure for PUNB mold production

cr....;.

Costltem

Direct Ooeratim~ Costs:

()peratinsr Labor:

Operator (S/HR XHRS/YR)

Suoervision115% of labor)

Ooeratine: Materials

Maintenance fe:enera1l:

Labor

Materials 1100% of labor)

Replacement parts (as
Labor (100% of Darts costl

$/unit

25

27.5

unitsfyr Cost

9125

1369

o

10038

10038

o
o

Eng. Guide #46, Table 5-2 (.5 !II'" :oru.n: x 2
_1., ..... I. X 365 davs!vrl

Eng. Guide #46, Table 5-2 (.5 '"~I _~. x 2
I"hift../dav x~ davs!vrl

Utilities:
Electricitv (S!I<WHxI<WH/vrl
Fuel oU fS/e:al x e:al!vrl
Gas fS!1o'trx 1o'ft3!vrl
Water
Steam
Other

Waste DisPosal

Wastewater Treatment

$0.06

$4.00

905200

6424

54312 Vendor Ouote (155 KWH x 5840 hrs!vr)
o

25696 Vendor Quote (1.1 Mft3!Hr x 5840 hrs/yr)
o
o
o

o
TOTAL DIRECT OPERATING COSTS (A)- 110577

Indirect ooeratine: ffixed} costs:
Overhead
Property Tax
Insurance
Administration
Capital Recovery CRF-

TOTAL FIXED COSTS fB)-

Credits
Product recovery
Heat recovery

TOTAL CREDITS (C)-

80% of 0 & M(labor)
1%of capital costs
1%of capital costs
2% of capital costs

0.156 $3.568.813
( 9.0% for 10 years)

15330
35688
35688
71376

556735

714817

o

Ene:. Guide #46 Table 5-1
Ene:. Guide #46 Table 5-1
Ene:. Guide #46 Table 5-1
Ene:. Guide #46, Table 5-1

Ene:. 2uide #46 Table S-3

:1

'I
\

.1

TOTAL ANNUAliZED COSTS (A +8 minus a-
Uncontrolled Emissions Rate (tons/vear)-

Overall (Capture Ie device eff.)Control
System Effidencv (%)-

I
Controlled Emissions (tomlvearl-

Cost ($lton)-

825394

21.2

90

19.08

43260

i:\wpcol\pjt\00-2211\ 05\T221105a.xls
4/16/98



.•.. ,.

: ..~

u

Annualized Cost Analysis
Scenario S- Production
Control System: Regen.Thermal oxidizer w/lZ7,sao rom ventilation from enclosure for PUNB mold production

Avera/i:e Adjustment
Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:
Basic Eauipment: .-

oxidiZer, tan,
2250000 Lowest quote-vendor B. .

."
• J .t::qwpment/ enclosure 492621 Eng. Estimate (Appendix E-3)

,,;r nnH.. "nr1

TobUEauipmentCos~: Z742621

Instrumen~1 controls 0.10 1.00 0 Included in auote
Taxes 0.05 1.00 137131
Freilmt 0.05 1.00 137131

Base Price: 3016883

Installation costs, direct:
Foundations/Suppor~ 0.08 1.00 241351 Ene Guide #46 Table 4-3
Erection/handline 0.14 1.00 422364 Ene Guide #46 Table 4-3
Electrical 0.04 1.00 120675 Ene Guide #46 Table 4-3
Pipin!! 0.02 1.00 60338 Ene Guide #46 Table 4-3
lnsulation 0.01 1.00 30169 Ene Guide #46 Table 4-3
Painting 0.01 1.00 30169 Ene Guide #46 Table 4-3
Site preparation 0.00 1.00 0
Facilities/buildines 0.00 1.00 0

TobU Installation Costs: 905065

TOTAL DIREcr COSTS (Base Price + Installation .. 3921948

Installation costs, indirect:

Eneineerinelsupervision 0.05 1.00 150844 Ene Guide #46 Table 4-3
Construction/field expenses 0.10 1.00 301688 Eng Guide #46 Table 4-3
Construction fee 0.10 1.00 301688 Ene Guide #46 Table 4-3
Start-up 0.02 1.00 60338 En!! Guide #46 Table 4-3
Performance Test 0 1.00 9000 Estimate for Method 25a inlet/outlet
Modelstudv 0.00 1.00 0
Contin2endes 0.03 1.00 90506 Ene Guide #46 Table 4-3

TOTAL INDIREcr COSTS" 914065

TOTAL CAPITAL COSTS (Direct + Indirect).. 4836013

i:\wpcol\pjt\OO-2211 \05\T221105a.xls
4/16/98



Annualized Cost Analysis
Scenario 5- Production
Control System: Regen.Thermal oxidizer wf127,500 scfm ventilation from enclosure for PUNB mold production

Cost Item

Direct Ooeratine: Costs:

Operating Labor:
Operator ($/HR X HRS/YR)
Supervision115% of labor)

Maintenance (e:eneral):
Labor
Materials (100% of labor)

Replacement Parts (as required
Labor (100% of parts cost)

Utilities:
Electricity ($/KWHxKWH/vr)
Fuel oil ($/e:al x e:al/vr)

Water
Steam
Other

Waste Disposal

Wastewater Treatment

S/unit

25

27.5

$0.06

$4.00

unitslvr

.365

365

1635200

55480

Cost

9125 Eng. Guide #46, Table 5-2 (.5 hrs/shift x 2 shifts/dav x 365
1369

o

10038 Eng. Guide #46 Table 5-2 (.5 hrs/shift x 2 shifts/dav x 365
10038

o
o

98112 vendor(280 KWH x 5840 hrs/vr)
o

221920 vendor (9.5 Mft3/Hr x 5840 hrs/vr)
o
o
o
o

o

TOTAL DIRECT OPERATING COSTS (A)- 350601

( :
(. :
b • ..;

Indirect operatin17 (fixed) costs:
Overhead
Property Tax
Insurance
Administration
Capital Recoverv CRF-

TOTAL FIXED COSTS (B)""

Credits
Product recoverY
Heat recoverY

TOTAt CREDITS (C)-

80% of 0 & MOabor
1% of capital costs
1% of capital costs
2% of capital costs

0.108 $4 836 013
( 9.0% for 20 vears)

15330
48360
48360
96720

522289

731060

o

Eng. Guide #46 Table 5-1
Ene:. Guide #46 Table 5-1
Eng. Guide #46 Table 5-1
Eng. Guide #46, Table 5-1

Ene:. 2uide #46, Table 5-3

( ,
~ .\

TOTAL ANNUAUZED COSTS (A +B minus q-

Uncontrolled Emissions Rate (tonslvear)-

Overall (Capture &: device eff.)Control
System Efficiency (%)-

Controlled Emissions (tonslvear)·

Cost (S/ton)-

1081661

21.2

98

20.78

52063

i:\wpcol\pjt\00-2211\05\T221105a.xls
4/16/98



·,.
; • ~ j

" J,

~ ..f ;

l'~·J ,
'.jt

.1
dl

. :

.;
,

.,

.1

Biofilter for 127,500 scfm from PUNB
Mold Production
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Annuallied Cost Analysis
Scenario 5 - Production
Control System: Biofilter for 127,500 scfm,IPUNB Mold Production

Averall:e Adiustment
Cost Item Cost Factor Factor Cost ($5) Basis of Costs

Direct Costs:
Basic Eauioment: "

'biofilter 3637280 Interpolation Ofcost percnnfor 85,000 and 165,000 cfm systems
for V.."dnr n 128.64/-;"fn,\

Auxiliary Equipment{enclosure 492621 Eng. Estimate (Appendix E-3)
make uo air units « ductwnrk

Total Eauioment Costs: 4129901

Instruments/controls 0.10 1.00 0 Include in ouote
Taxes 0.05 1.00 206495
Freill:ht 0.05 1.00 206495

Base Price: 4542891

Installation costs, direct:
Foundations/Suooorts 0.08 1.00 0 included in auote
Erection/handline: 0.14 1.00 0 included in auote
Electrical 0.04 1.00 0 included in auote
Pipinll: 0.02 1.00 0 included in auote
Insulation 0.01 1.00 0 included inouote
Paintinl! 0.01 1.00 0 included in auote
Site preparation 0.00 1.00 0 included in auote
Facilities/buildinl!s 0.00 1.00 0 included inauote

Total Installation Costs: 0

TOTAL DIREcr COSTS (Base Price + Installation)' 4542891

Installation costs, indirect:

Enl!ineerine:/supervision 0.05 1.00 0 included inouote
Construction/field exoenses 0.10 1.00 0 included in auote
Construction fee 0.10 1.00 0 included inauote
Start-uP 0.02 1.00 0 included in auote
Performance Test 0.003 1.00 9000 Estimate for Method 25A inlet!outlet
Modelstudv 0.00 1.00 0

Contingencies 0.03 5.00 681434
Eng Guide #46, Table 4-4, new application of control technolog}
land vuaranteed ......f".....ance

TOTAL INDIREcr COSTS- 690434

TOTAL CAPITAL COSTS (Direct + Indirect)- 5233325

i:\wpcol\pjt\00-2211\ 05\T22110Sa.xls
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Annualized Cost Analysis
Scenario 5 - Production
Control System: Biofilter for 127,500 scfm,IPUNB Mold Production

~...

Cost Item

DirectODeralin... Costs:

ODeralinl! Labor:
Operator ($/HR X HRS/YR)
SUDervision115% of labor)

Operalinl! Materials

Maintenance (I!eneran:
Labor
Materials (100% of labor)

ReDlacement Darts (as reauired
Labor (100% of Parts cost)

Utilities:
Electricitv ($/KWHxKWH/vr)
Fuel oil ($Ii!al x I!al/vr\

Water
Steam
Other

Wastewater Treatment

S/unit

25

27.5

$0.06

units/vr

..0

50

570568

Cost

o
o

o

1375 Vendor D Quote
1375

162560 Vendor E estimate for annual media reolacement costs
162560

34234 Scaled from 85000 cfm system (97.7 KWH x 5840 hrs/VT\
o
o
o
o
o
o

o

TOTAL DIRECT OPERATING COSTS (A)- 362104

'. I

:.~

;::i
; :.1.
....~J

Indirect ooeralinl'" (fixed\ costs:
Overhead
Property Tax
Insurance
Administration
Capital Recoverv CRF-

TOTALBXEDCOSTSffi)-

Credits
Product recoverv
Heat recoverv

TOTAL CREDITS rC\-

80% of 0 &: M(labor
1% of canital costs
1% of canital costs
2% of caoital costs

0.108
( 9.0% for 20 years)

$5 233.325

1100
52333
52333

104666
565199

leauipment vendor estimate
775632

o

"'.'

TOTAL ANNUAUZED COSTS (A +B minus C)-
I

Uncontrolled Emissions Rate (ton!llvear)-

Overall (Canlure & device eff.)Control
System Efflciencv (%).

Controlled Emissions (ton!llvear)-

Cost (S/ton)-

1137736

21.2

90

19.08

59630

i:\wpcol\pjt\00-2211\05\T221105a.xls
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Concentration/Oxidizer with 234,500 scfm
Ventilation form Enclosure for PUNB

Mold Storage
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Annualized Cost Analysis
Scenario 5 - Storage
Control System: Concentratoq'oxidizer wj'234,SOO scfm ventilation from enclosure for PUNB mold storage

Avera2e Adiustment
Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:
Basic EQuipment

actsorber/ oxidiZer, fan 2800000 Vendor F Quote-,.

-,.
_j t:.qulpmentf enclosure

562330 Eng. Estimate (Appendix B-3). . t"nrl

Total EQuipment Costs: 3362330

Instruments/controls 0.10 1.00 0 Included in Quote
Taxes 0.05 1.00 168117
Freitzht 0.05 1.00 168117

Base Price: 3698563

Installation costs, direct:
Foundations/Supports 0.08 1.00 29S885 En" Guide #46 Table 4-3
Erection/handlin" 0.14 1.00 517799 En" Guide #46 Table 4-3
Electrical 0.04 1.00 147943 En2 Guide #46. Table 4-3
Pipin2 0.02 1.00 73971 En" Guide #46 Table 4-3
Insulation 0.01 1.00 36986 En\! Guide #46. Table 4-3
Paintinl! 0.01 1.00 36986 En2 Guide #46, Table 4-3
Site preparation 0.00 1.00 0
Facilities/buildin~ 0.00 1.00 0

Total Installation Costs: 1109569

TOTAL DIRECT COSTS (Base Price + Installation}oo 4808132

Installation costs, indirect:

Enl!ineerin\!1suoervision 0.05 1.00 184928 En2 Guide #46 Table 4-3
Construction/field expenses 0.10 1.00 369856 En" Guide #46 Table 4-3
Construction fee 0.10 1.00 369856 En" Guide #46, Table 4-3
Start-up 0.02 1.00 73971 Enl! Guide #46, Table 4-3
Performance Test 0.0035 1.00 9000 Estimate for Method 2Sa inletIoutlet
Modelstudv 0.00 1.00 0
Contin2encies 0.03 1.00 110957 En2 Guide #46, Table 4-3

TOTAL INDIRECT COSTS- 1118569

TOTAL CAPITAL COSTS (Direct + Indirect)- 5926701

i:\wpcol\pjt\00-2211\ 05\T22110Sa.x1s
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Annualized Cost Analysis
Scenario 5 • Storage
Control System: Concentrator/oxidizer wj234,500 sefm ventilation from enclosure for PUNB mold storage

Cost Item (S/unit x unit!!vear) COST

Direct Oneratinv Costs:

Operating Labor:
Operator ($/HR X HRS/YR) 25 547 13675 EnI~. Guide #46 Table 5-2 (.5 hrslshift x 3 shiftsI day x 365 davs
Suoervisionn5% of labor) 2051

Operating Materials 0

Maintenance (e:eneral):
Labor 27.5 40 1100 Vendor Quote
Materials (100% of labor) 1100

Replacement parts (as reauired 0
Labor noo% of Darts cost) 0

Utilities:
Electricitv ($/KWHxKWH/vr) $0.06 2479080 148745 Vendor Ouote(283KWH x 876Ohrs/vr'
Fuel oil ($1 e:a1 x e:a1/vr) 0
Gas ($/1~fex 1~ft3/vr) $4.00 17520 70080 Vendor Quote(20 Mft3/hr x 8760 hrs/vr)
Water 0
Steam 0
Other 0

0
Waste Disoosal

Wastewater Treatment 0

TOTAL DIRECT OPERATING COSTS (A)- 236751

Indirect ooeratinv (fixed) costs:
Overhead 80% of 0 &: M(labor) 11820 Em~. Guide #46, Table 5-1
Property Tax 1%of capital costs 59267 Ene:. Guide #46, Table 5-1
Insurance 1%of caoital costs 59267 EnIlC. Guide #46 Table 5-1
Administration 2% of capital costs 118534 EnIlC. Guide #46 Table 5-1
Capital Recoverv CRF- 0.156 $5 926 701 924565

( 9.0% for 10 vears) En~l!UIde #46 Table 5-3
TOTAL FIXED COSTS m)- 1173453

Credits
Product recoverY
Heat recovery

TOTAL CREDITS (C)- 0

TOTAL ANNUAUZED COSTS (A +B minus C)= 1410204

Uncontrolled EmIssions Rate (tons/vear)- 40.3

Overall (Capture &: device eff.)Control
System Efficiency r/o)- 90

I
Controlled Emissions (tons/vear)- 36.27

I
Cost (S/ton)- 38881

i:\wpcol\pjt\00-2211\ 05\T221105a.xls
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Regenerative Thermal Oxidizer with 234,500 sefm
Ventilation from Enclosure for

PUNB Mold Storage
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Annualized Cost Analysis
Scenario 5 • Storage
Control System: Regen.Thermal oxidizer wj'234,Soo scfm ventilation from enclosure for PUNB mold storage

Averae:e Adjustment
Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:
Basic EQuipment:

oXldizer, tan.
3500000 Lowest Quote vender B,,,.

_/ hqwpment/endDsure
562330 Eng. Estimate (Appendix E-3)

, "l~ 11ni"" "n~

Total EQuipment Costs: 4062330

Instrumentslcontrols 0.10 1.00 0 Included in auote
Taxes 0.05 1.00 203117
Freieht 0.05 1.00 203117

Base Price: 4468563

Installation costs, direct:
Foundations/SuDoorts 0.08 1.00 357485 En\! Guide #46 Tab!e 4-3
Erection/handlin\! 0.14 1.00 625599 Ene: Guide #46 Table 4-3
Electrical 0.04 1.00 178743 Ene: Guide #46 Table 4-3
PiDine: 0.02 1.00 89371 Ene: Guide #46 Table 4-3
Insulation 0.01 1.00 44686 Ene: Guide #46 Table 4-3
Paintin\! 0.01 1.00 44686 Ene: Guide #46 Table 4-3
Site preparation 0.00 1.00 0
Facilities/buildine:s 0.00 1.00 0

Total Installation Costs: 1340569

TOTAL DIRECf COSTS (Base Price + Installation - 5809132

Installation costs, indirect:

Enl!ineerine:1supervision 0.05 1.00 223428 Ene: Guide #46, Table 4-3
Constructionlfield exPeI\Se5 0.10 1.00 446856 Ene: Guide #46 Table 4-3
Construction fee 0.10 1.00 446856 Ene: Guide #46 Table 4-3
Start-up 0.02 1.00 89371 En2 Guide #46 Table 4-3
Performance Test 0 1.00 9000 Estimate for Method 25a inlet/outlet
Modelstudv 0.00 1.00 0
Contine:encies 0.03 1.00 134057 Ene: Guide #46 Table 4-3

TOTAL INDIRECf COSTS- 1349569

TOTAL CAPITAL COSTS (Direct + Indirect)· 7158701

i:\wpcol\pjt\00-2211\05\T22110Sa.xls
4/15/98



Annualized Cost Analysis
Scenario 5 • Storage
Control System: Regen.Thermal oxidizer W/l34.500 selm ventilation from enclosure for PUNB mold storage

.,
:.\:]

"",
I

i

Cost Item

Direct Ot>eralinl1' Costs:

()peralinl!: Labor:
()perator ($!HR X HRS!YR)
Supervision(l5% of labor)

Joeralinl!: Materials

Maintenance (l!:eneral!:
Labor
Materials 000% of labor!

Replacement parts (as required
Labor (100% of oarts cost!

Utilities:
Electricitv ($/KWHxKWH/vr!
Fuel oil l$!l?:a! x l?:a1!vr)

Water
Steam
Other

Waste DisPOSal

Wastewater Treatment

$lunit

25

27.5

$0.06

$4.00

units/vr

547

547

4520160

153300

Cost

13675 Enl!:. Guide #46 Table 5-2 (.5 hrslshift x 3 shifts!day x 365
2051

o

15043 Enl!:. Guide #46 Table 5-2 (.5 hrslshift x 3 shiftslday x 36S
15043

o
o

271210 vendor (516 KWHx 8760hrs/vrl
o

613200 vendor (17.5 Mft3/Hr x 8760hrs/vr)
o
o
o
o

o

TOTAL DIRECT OPERATING COSTS lAlm

Indirect ooeralinl!: (fixed! costs:

930221

~.
~~ ,

Wi

Overhead
Prooertv Tax
Insurance
Administration
Caoital Recovery CRF-

TOTAL FIXED COSTS (B)..

Credits
Product recoverY
Heat recovery

TOTAL CREDITS (C)-

80% of 0 &: M(Iabor
1% of capital costs
1% of capital costs
2% of capital costs

0.108 $7158701
( 9.0% for 20 years)

22974
71587
71587

143174
773140

1082462

o

Enll:. Guide #46, Table 5-1
Enl!:. Guide #46, Table 5-1
Enl!:. Guide #46 Table 5-1
Enll:. Guide #46 Table 5-1

TOTAL ANNUAUZED COSTS (A +8 mInus C)..

I
Uncontrolled Emissions Rate (tons/vearl-

I
Overall {Capture Be device eff.)Control
System Efflciencv rIo)"

Controlled Emissions (tons/vear)"

Cost (Slton)-

2012683

40.3

98

39.49

50962

i:\wpcol\pjt\00-2211\05\T221105a.xls
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Biofilter for 234,500 scfm
from PUNB Mold Storage
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Annualized Cost Analysis
Scenario 5 - Storage
Control System: Biofilter for 234.500 schn/PUNB Mold Storage

Avera~e Adiustment
Cost Item Cost Factor Factor Cost ($s) Basis of Costs

Direct Costs:
Basic Equipment:

'biofilter 6136937 Scaled from Vendor D quote for 165 000 cfm system

Auxiliary Equipment!enclosure 562330 Eng. Estimate (Appendix E-3)
make un a;" units &. ductwork

Total Equipment Costs: 6699267

Instruments/ controls 0.10 1.00 0 Include in auote
Taxes 0.05 1.00 334963
Freirllt 0.05 1.00 334963

Base Price: 7369194

Installation costs, direct:
Foundations/Supports 0.08 1.00 0 included in auote
Erection/handlinl!' 0.14 1.00 0 included in quote
Electrical 0.04 1.00 0 included in quote
Pipin~ 0.02 1.00 0 included in auote
Insulation 0.01 1.00 0 included in quote
Paintin2 0.01 1.00 0 included in quote
Site preparation 0.00 1.00 0 included in auote
Facilities/buildinl!'s 0.00 1.00 0 included in quote

Total Installation Costs: 0

TOTAL DIRECT COSTS (Base Price + Installation)" 7369194

Installation costs, indirect:

Enl!'ineeriml:/ supervision 0.05 1.00 0 included in quote
Construction/ field expenses 0.10 1.00 0 included in auote
Construction fee 0.10 1.00 0 included in quote
Start-up 0.02 1.00 0 included in Quote
Performance Test 0.000 1.00 9000 Estimate for 25A inlet/outlet
Modelstudv 0.00 1.00 0

Contingencies 0.03 5.00 1105379
Eng Guide #46, Table 4-4, new application at control
technolovv and cruaranteed oerformance

TOTAL INDIRECT COSTS- 1114379

TOTAt CAPITAL COSTS (Direct + Indirect)- 8483573

i:\wpeol\pjt\00-2211\ 05\T221l0sa.xls
4/15/98



Annualized Cost Analysis
Scenario 5 - Storage
Control System: BioIl1ter for 234,500 scfm/PUNB Mold Storage

::; TOTAL DIRECT OPERATING COSTS (A)-
',:,-\'

"\
,1

,'~
.::,-J

~.
""j
~y I

Cost Item

Direct Oueratin!! Costs:

Operating Labor:
Operator ($/HR X HRS/YR)
Suoervision(15% of labor)

Operating Materials

Maintenance (general):
Labor
Materials (100% of laborl

Reolacement parts (as required
Labor (100% of oarts cost)

Utilities:
Electricitv ($/KWHxKWH/vrl
Fuel oil ($1 galx gal/vr)
Gas ($I1~tYx10'Ivr)
Water
Steam
Other

Waste

Wastewater Treatment

Indirect oueratin!! (fixed) costs:
Overhead
Propertv Tax
Insurance
Administration
Capital Recoverv CRF"

TOTAL FIXED COSTS (B)-

Credits
Product recovery
Heat recOVery

TOTAL CREDITS (C)-

S/unit

25

27.5

$0.06

80% of a &: Mllabor
1% of capital costs
1% of capital costs
2% of caoital costs

0.108
( 9.0% for 20 vears)

units/yr

o

50

1594320

$8483,573

Cost

0 Vendor D Quote
0

0

1375 Vendor D Quote
1375

300160 Vendor E Quote for annual media costs ($1.28/cfm)
300160

95659 165000 cfm system (1820 kwh x 8760 Hrs/vr)
0
0
0
0
0
0

0

698729

1100
84836
84836 .

169671
916226

Iequipment vendor estimate
1256669

o

TOTAL ANNUAUZED COSTS (A +8 minus C)..

Uncontrolled Emissions Rate (tons/vear)-

Overall (Capture &: device eff.lControI
System Efficiencv ("Ie)-

Controlled Emissions (tonslvear)"

Cost ($/ton)-

1955398

40.3

90

36.27

53912

i:\wpcol\pjt\DO-2211\05\T221105a.xls
4/15/98
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Appendix E-2

Vendor Quotes
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TRANSMITfAL'==-- _

Pages: ( 8 ) Includine: this cover sheet

This fax is in response to your letter dated July 25, 1997, and our discussion last week. For each
of the six scenarios, we have provided information for the oxidizer control equipment. Even

. though we have worked with other ancillary types of equipment such as concentrators and
biofiltration. we will leave those areas for others for your current study needs. The attached
sheets have been completed per your request, and we have several comments which are noted
below.

Scenarios 1,3, and 5 are more production related, and we do have concerns about potential
particulate loading to the oxidizer. For these cases, we assume that particulate control will be
provided by others. Scenarios 2, 4, and 6 are storage related, where particulate and odor control
are not expected to be a concern.

Scenario 1 has several VOC components, including Dimethlyetblyarnine (DMEA). This is a
concern based on our experience with DMEA creating odor problems. Odor control is not listed
as an objective ofthe emissions control equipment, and with only 90 percent destruction
efficiency. D:MEA odor could remain a problem even with the control equipment installed.·

The ambient temperature for all cases is assumed to be 100°F. Please note that destruction
efficiencies muc~igher than 90% can be obtained using the same oxidizers if the thermal
efficiency requirements are lower than those stated. The ductwork prices shown are budget
values for fabricated ductwork. and do not include installation since the actual site conditions and
layout required are unknown.
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We trust that this information will assist your evaluations. Please contact this office ifyou have
questions or need additional information~

Sincerely,
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Scenario 1
Phy;!oolir; Urethane Cold Bpx (pVeS) Core Prgduction

Ventil.tion rate.:: 2000 sc:fm Temperature~ ambient
Daily operating schedule= 6 hours Iday and 7 dayslweek
Average vac/oc emissions rate:::: 1.6 Ibs/hour
Max. hourly VOCIOC emissions rate;: '.6 Ibslhour (inlcrt to controls apprcx 40 ppmv)
Annual vac/oc emissions= 2.3 tons/year

OCNOC composition ranges=Petfoleurn Dishl/atJas CASI S84n-31-S/S4742-95-6 (approx.43% by weight)
-potential constituents (xylene, cumene. trimethylbenzene and
me.sitylene);

Petroleum Distilletes CAS# 647·74~-94-5(approx. 43% by weight)
..potential constituents (m:lpthalene. trimethylbenzene, xylene,
biphenyl)

Trlethylamine Of Dimethylethylamlne (approx. 14 % by weIght)
Guaranteed DesIgn control removal requirement 9D~ removal by weight {using USEPA
reference test methods (40 CFR, Part GO»

Cpntrol equipment type #1:

Recuperative theanal oxidizer (wi 50% recovelj')
Equipment Costs; Oxidizer ::: $210,000

Supporting Controls = Included a1x::JV'e
Fan :: 21 ,000
dudwork ($1ft) : __S,-,,5~__ "

To~1 C I
I

I
OperatIng info. hoUrly gas usage (ft3) .. 1900 (All seebarios based on 950 B'IU/SCfM)

electrical use (Kwh) =25 lew x 8 x 365 .. 73,000 kwh (Annual)

ContrQI equipment type #2:

ReCUPerative Cata.lvtlc oxIdIzer
Equipment Costs: Oxidizer

Suppon1ng Controls
Fan
duetwonr: (~)

=$1.70,000 I
=Included.~

:~
Total = I

Operating Info. hourly gas usage (113) =990 I
electrical use (Kwh) =.2S kw x ax 365 = 73,000 kwh
expeded catalyst lifa :::

. Control Equipment #3 - By Others

~arbQn i!ldsQrptjpn with off-sIte djsQQsat
EqUipment costs: carbon adsorber ::

Supporting Controls =
Fan :::
ductwor1c (Sift) :: --;-

To1al =

Operating info. hourty gas usage (ft3) =.
electrical use (KWh) =

annual carbon usage Obs) =

(Annual)
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Scenario i

1
PhenQllc Urethane Cold Box (PUCS) Cora SWragt.

Ventil.ation rate= 37.000 scfrn Temperature::: ambIent
Daily operating schedule: '9.S hours Iday and 7 dayslweek
Alt'erage VQe/oc emissions rate= 1.4lbslhour
MiilX. hourly VOC/OC emissions rate= 2.4lbs1hour (control Inlet appl"Q)(. 10 ppm\!)
Annual VOC/OCemissions= 5.0 tcnsJyear

OCNoe composition ranges=Petroleum Distillates CAS# 68477-31-6/64742-9~f5(appre~ 50% by weight)
-potential constituents (:.:ylene. C1Jmene, trlmethylbenzene and
mesitylene);

Petrcleum Distillates CAS# 647~742-94-5 (approx. 50% by weight)
-potential constitlJet'lts (napthalene, trimethylbenzene, :xylene.
biphenyl)

GUOIranteed Design control removal raqulremGnt 90% removal by weight (using USEPA
reference test methods (40 CFR. Part 60»

Control equipment tyee #1: - By Others
C9ncent@tor
EqUipment Costs: adsorber/Oxld1zer =

Supporting Controls =
Fan =
ductwork (Sift) = _

Total =

Operating Info. hourfy gas usage (ft3) ;::
electrical use (Kwh) =
annual adsorbent cost (S) =
annual maintenance (man-hours)=

Control eoulpmenttvpe #2;
Regenerative Catalytic; o:lIjjdj2er Cw/mjn. 98% heat recovery)
Equipment Costs: Oxicnzer ::: $950,000·

Supporting Controls ;:: Included al:ove
Fan = 50,000·
ductwork ($1ft) :: _...;2;;.:;.J...;;..0 _

Total :::

Operating info. hout1y gas usage (ft3) = 990
electrical use (KWh) ::: )3.0· b1 ~ ~~5 x 365 • 925,275 kwh (Annual)
expee:t~ catalyst life ;:: 3-5 years

Control Egujpmenttt3 - :By Others
B;ofiltration;
Equipment Costs BlofilterlstnJeture ;::

Installation Costs (tum);ey) =
Supporting Controls =
Fan =
duc;t.HorX (SIft) = _

Tgt:al ;::
Operating info. electrlc:al use (Kwh) =
. annual media costs ($) =

annual maintenance (man-hrs) =
estimated size Oength X Width) =
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Scenariot

phenolic: Urethane NQ Bake (PUNe) Core PrQduetIoD

Ventilation rate::: 30,500 scfm ", f) Temperature::: ambient
Daily ope~ting schedule; ·'"dhours Id<IY and 7 days/INeek
Avarage VOCJOC emjss;ont~te= 1.7IbslhcJ.!r
Max. hourly VOC/OC emissions rate; 1.7 Ibslhour (contrel inlet approx. 10 ppmv)
Annual VOC/OCemlsslcns:: 2.S tooslyear

aCNae compo~jtionranges=Petroleum Distillates CAS# 684n-31-616474Z-9s-.6 (approx. 50% by weight)
-potential constituents (xylene, cumene and trimethylbenzene)i

Petroleum Distillates CAS# 847-742..94-5 (apprcx. 50% by weight)
-potential constituents (napthalene, trimethylbenzene, :.:ylene)

Guaranteed Design contrcl removal requirement 90% removal by weight (using usePA
reference test methods (40 CFR. Part 60»

Control equipment tyPe #1: - By others
Concentrator
EqUipment Costs: adsorber/Oxidizer :::

Suppornng Conrro~ :::
Fan =
ductwork ($1ft) :: _

Tolal =

Operating info. houriy gas usage (ft3) ::
electrical use (Kwh) =
annual adsorbent cost ($) ::
annual maintenance (man-hours)=

Control eguipment type #2i
Regeneratiye Catalytic oxidizer (wlmin. 98% heat recovery)
EqUipment Costs: Oxidizer =$950, 000

Supporting Controls =Included above
Fan :: 50, 000
ductworJc: ($1ft) :: , 90

Total ::

Operating info. hourly gas usage (ft3) =885
elecbic:al use (Kwh) =11 0 kw x 19.5 x 365 = 782,925 kvh (Annual)
expected catalyst fife CJ-S years

Control Equipment #3 - By others
8iotfltratjon:
Equipment Costs: Blofilterlsupports ::

Installation Costs (tumkey) =
Supporting Controls ::
Fan ::
ductwork (SIft) = _

Tolal ::
Operating lofo. electrical use (Kwh) =

annual media costs ($) =
annual maintenance (man-hrs) =

estimated size (length x width) =
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PhenQlic Urethane ~~=otUN81Core Storage

Ventilation rate::: 36,000 sc:fm Temperature= ambient
Daily operating schedule= 19.5 hours Iday and 7 daysJweelc
Average VOC/OC emissions rate= 1.4lbsJhour
Max. hourly VOClOC emissions rate: 2.31bs/l1ollr (control Intet approx. 10 ppmv)
Annual VQC/OCemissions= 4.8 tonsJyear

oCNoe composltlon ranges=PetToleum Distillates CAS# SB477-31-61G4742-95-6 (approx. 50% by weight)
-potentlal constituents (xylene, cumene and trimethylbenzene);

Petroleum Distinates CAS# 647-742-94-5 (approx. 50% by weight)
-potential Constituents (napthalene, trfmethylbenzene. xylene)

GU8ranteed Design control remO"'lal requIrement 90% removal by weight (usIng USEPA
reference test methods (40 CFR, Part SO»

Control eauJornenttype #1: - By Others
~oncentrator

EqulpmenU Costs: ;adsoroer/Oxidizer :a
Supporting Controls =
Fan c
ductwork ($1ft) 2: _

Total c

Operating info. hoUriy gas usage (ft3) =
eledrlcal use (KWh) =
annual adsorbent cost ($) II:

3nnual maintenance (man-hoUrs):::

CODtrol eqyIpment type #2:
Regenerative Catalytic o;ddizer (wlmjn. 98% heat recovery)
Equipment costs: Oxidizer = $950·,000

Supporting Controls =Included above
Fan = 50,000
ductwork ($1ft) = 205

Total :::

Operati"g itlfo, hourly gas usage (ft3) = 990 . .
electrlcalusa(Kwh) =130 x 19.5 x 365::: 925,275 kwh (Annual)
expected catalyst life =3-5 years

Control Eq.uioment #3 - By Others
BlofjltratlQo'
Equipment Costs Biofilterlsupports =

Installation Costs (tumlcsy) =
Supportin,g -Controls =
~n :::
ductwork (sift) ::: _

Total :::
Operating info. electrical use (Kwh) :::

annual m~dia costs ($) =
annual maIntenance (man-hrs) =

estimated size (length x wIdth) :::
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Seen;rrio 5

Ehen~lie Urethane No Bake (PUNS) Mold Making

Ventilation rate= 85,000 sc:fm Temperature:: ambient
Daily operating !Schedule= 18.0 hours Iday and; daysJWeek
Average VQe/oc emissions rate= 4.8lbslhoUr
Max. hourly VQC/OC emissions rene- 4.8 lbsJhour (controllntet approx. 10 ppmv)
Annual VOC/OCemissions= 14.1 tcnslyear

OCNoe composition ranges=Petroleum Dlstllates CAS#. S84n-.31-S/64742-S5--8 (approx. 50% by weight)
-potential eonstituents (xylene, cumene and trimettly1benzene):

Petroleum Distillates CAS# 647-742-94-5 (approx. 50% by weIght)
~potentfal constituents (napthalane. ~mettJylbenzene.xylene)

Guaran~dDesign control removal requirement 90% removal by ~19ht {using USE?A
reference test methods (40 CFR. Part SO)) .

Con'trQI eQuIpment type #1: :By others
Concentratgr
EquipmentJ Costs: adsorber/Oxicftzer =

Supporting Controls =
Fan =
ductwork (SIft) = _

Total =

Operating info. hourly gas usage (ft3) :=

electrical U~ (KWh) =
annual adsorbent cost (S) =
annual maIntenance (man~hours)=

$=Qntrol 9gujpment type #2:
RegeneCEti"e Catalytic Qxidlzer (wlmin. 98% beat recovery)
Equipment Costs: Oxi~izer =$1,750,000

Supporting Controls =Included above
Fan = 125,000
ductwork (Sift) :: 475

Total =
Operating info. houriy gas usage (fl:3) = 2100

eleclTical use (Kwh). :: 280 Jew x 16 x 365 "" 1 ,635,200 kw1i (Annual)
expected catalyst life =3-? years

Control EQuIpment f3 - By others
aiollltratioo'
Equipment Costs: Siofilter/supports :::

Installation Cos;ts (turnkey) =
Supporting Controls ::l

Fan c
ductwork (Sift) s: _

Total ::
Operating lnfo. elacl.rical Use (Kwh) ::

annual media costs ($) =
annual maIntenance (man-hrs) =

estimated size (Iength:x Width) =
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Pheholic U~thaneNo 6ake (f~u'NB}Mold Storage

Ventilation rate= 165,500 scfrn Temperilture= ambient
Dally operating schedule= 24.0 hours Iday and 350 daysJyear
Average VOC/OC emissions rate= 6.0Ibs/hour
Max. hourly VOC/OC emissions rate= 10.0 Ibs/hour (conlrol inlet approx. 10 ppm")
Annual VOC/OCemlssions= 25.1 tonslyear

acNoe composition ranges=?etroleum Distillares CAS#.684n-31-61647-42-8S-S (approx. 50% by weight)
-potential constituents (xylene. cumene and trimethylbel1%ene);

Petroleum Distillates CAS#. 647·742-94-S (appro,;. 50% b)' weight) .
-potential constituents (napthalene. trlmelhylbenzene, X'jlene)

Guaranteed Oesign control removal reqUIrement 90% removal by weight {usalng USEPA
reference test methods (~ CFR, Part SO))

Control equioment b'P~#1: - -By Others
~pncentratO(

EqUipment Costs: adsorber/Oxldizer ;::
Supporting Controls =
Fan =
ductwork ($/ft) = _

Total c

Operating info. hourfy gas usage (ft3) '=

electrical use (Kwh) =
annual adsorbent cost ($) s::

. annual rnainte~l'lce(man-hours):::

Control equipment type #2;
Regenerative CataJytjc oxidizer (wfmln I 98% beat recpV~ry)
EqUipment Costs: Oxldizer :: $3,075,000

Supporting Comrol:s = Included above
Fan = 220,000
ductwork (Sift) :: 650

Total ;:

Operating info. hourly gas usage (fa) = 3350
electrical use (Kwh) c 490 kw x 24 :x 350 ... 4,116,000 kwh {Annual)
expected catalyst life ::: 3-5 years

Control EQuioment #3 - By Others
BlofjltratiQO:
Equipment Costs: 6iofilterlsupports :

Installation cOsts (turnkey) =
Supporting Controls ::
Fan =
ductwo(~ ($1ft) = _

Total =
Operating info. electrical use (Kwh) =

ahnual media costs ($) :::
annual maIntenance (man-hrs) =

estimated size (length x width) =



This fax is in response to your memo to Ken Tabellion dated February 16, 1998.
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bj : . We have completed the information requested using our previous submittal ac; a guideline.
Please contact Ken Tabellion or this office if you have any questions.

,
L} Sincerely,
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Scenario 4
Ehenoli~ Ureth1lne Cohi Box {P'UCBl Core Storage

Ymt11atian'rate=S8,DOO sdln Tc:r:rrpua~t

Daily ~~ting9Chedl.l.1c-:U.O how:el~y &ncl36S dAplycw:r
Max.. haurly VOC/oc~aN ra~.4 fbe/hout (~inletapprax. 5.0 ppmv)
Annual VOC/OC~9::"tcN/'J'luq.,
OCjVCX:: composi~%\~l"tttokw:n ~l:iJl41a ~")1-6164142.-95-6 (A~ SO'S ""-'slU)

opaunaal C'lmltitl.&alb (qlar..~~yD;c~IIl\d mlSityL:na);
. p~Dla~CAS.f6C.:rQ...JX-S (apprux:. SO" bywdghr)

-~ cxm,tm.zm"(N.p~ tz~.thyIhcnmne., xyJsnt, bipMnj'l)

. Gu,uantud Deail;a control rc:=ov.I l'c.quJnmcm !JOII..~ by wd&ht (usi:\g 1.!SEi'1tt.
M£I"CZlCe test methDda (fa a:a.,F~ 60)

CCl1)t;rpl Eguipa;e.nt Type 11;
M?~sntr!t2r

Equ.iytn.e:ntCosta:. Adsorber/Oddb:e: =
SuppQrting ControIs ..

Fan' :lI

~ork<SIft) so

Total -

Operating Info. Hourly G.u Uuge (~) •
tal-=triaal ua (X:wh) ­

&m\ual arucJ1berst COlt lS> 0::

U1nW:wn~(man-hours) •

Cap.trpl ~SuipmFn1Type n;
&gmga,tive 'Ihgm,4 O:9dizn ''''Jmin- 9fi% :pm l'eCovq:)
EqUipment Casts: O:r:id.iz.tt.. 1,000, 000

Suppott1ng Ccntl'Ols" Included
F~ - 100,000

Duc:twark ($/ft) = 325

Opual:ing Info. Ha\l:ly CiJ.S URge (ft3) = 2,560
. cltaricaJ us (Kwh) ,. 350 kw x 24 x 365 = 3,066,000 kwh (annual)

O:p9ClI>C1 CAbtly51 1ik - N.A •

Eciu.iptrlent:~pplie:rN~ SMITH myTRQNMENTAL ~RPORATTON :001-97-127
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Tlu:.uullc Yretllilne NQ 15ak..e.

(fUNB) Mold Produertion

Ventilation rate==l27,.500 &din 3~5 Te:mpe:rature-ambient
Daily operating schedu1e-16.0 hou:s/ day and.3Se fhyz/ye.u
Max. hourly VOC/ex: emissions rat:&-7.3 ~/hOUl (centtol inlet &pplDX. 5.0 ppmv)
Jumual VOC/OC em.i.s.sions=.2B-:3'"tons/yee.r
, ,)/. '- "

OC/VOC composltion ranges-Petroleum Distillates CASl6M77..3U/647~6 (&pproX. &l% by WEf&ht)
-potential c:ons:ti.tue.=ts (xylene. CWIIIIIle and trimethy~);
Peqo1ew:n Di6ti.ll&ta ~647-742-94-5 (approx. 50%by 'Weight)
-potEntial a:m&tituents (naphalme. f:%i:Ql.dhy~and xylene)

G\UIilI\.teed. Design control removal requizcme.nt 90"/11 removal by weight (using USEPA
reference test methods (40~ Part (0»

! .'

~ontrol Equipment Type 1#1;
ConccntntQf
Equipment Cosl:s\ Adsorbe.r/Oxidizer ­

SUpporting Controls ...
Fan =

Ductwork (SIft) -
Total ::s

Operating Info. Hourly Gas Usage (ft3) a

electrical us (Kwh) ­
anIlwU adsorbent cost ($) ca

annual xnainten.allce (man-hours) -

BY OTHERS

"
, ._;;
l\_.J

r··~ .

Control EguiPIIlentTvPe IZ:
Regme:rative Ihennal Otcidizg (wlmiP- 98% hut rettoymr)
Equipment Costs: Oxiclli:er.. 1 , 800 , 000

Supporting Cont:rc1s C;I Included
Fan c:: 200,000

Ductwork (SIft) a 600
Total ~

Opera~g Info. Hourly Gas Usage (it3) =r 5,260
" e:lKtrlcalUS (Kwh) I:: 700 kw X 350 X 16 = 3,9.20,000 kwh (annual)
~c.ataly5tlife - N.A.

Equipxnent Supplier Name SMITH ENVIRONMENTAL <X>RPORATION
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Scenario'

Phenol!c: Uretha.t1e No Bake
fi'UNB) Mold Stwage

Veirlilation rate=234,500 scfm 3~S Temperature==ambient
Daily cper~ting schedu1e-2.(.O h0\.U"3/dayan~ days/yeu
Max. hourly VOC/OC emi&sions rats-13.8 The/hour (control inlet ;r.ppr~5.0 ppmv)
Annual VOCjOC ~5ion.s~toN/year

40,,3
OC/VOCcarn~nr.anges=PetroIewn D1stillatr:s CAS#68477-31-0/60~5-6 (approx. SO~ by weight)

-pote:nti.aJ ~tibu!nlS (~, cuaumca and trlmethylbc:nane);
Petxo!eum Diatillltes CA5f6O-7..:z-9i-O (lppl'OX- 50% by weight)
.patmrtial constituents (naplWene, t:rb:n.ethy!be:nzene I.l\d xylene)

Guuanteec:1 Design control removal requirement 9{1'/0 removal J,y weight (UJing USEPA
ret:e:rence teat methods (40C~ Part 60»

$;ongol EguJpment Type '1:
Comentratar
Equipment CO$ts: Adsotber/Oxidize: ­

Supporting Controls •
Fan ::x

Ductwork (SIlt) ==
Total ::I

Operating Info. Hourly G:ls Usage (ft3) Cll

electrical us (Kwh) =
annual adsorbent cost (5) •

annual maintenance (man-lt.cnUs) ..

Control Eguipn,,:nt Type #2;
Regenerative Themul 0xidi2g CWfmin. 98°/. heatrecoygyl
EquiPIrJ.e1'\t Costs: 0J:1d.izer • 2, 600, 000

Supporting Controls a Included
Fan = 300,000

Ductwork C$/it) .. ,840
Total =

Operating Wo. Hourly Gas Unge (ft3) .. 8,850
electricalua(Kwh) - 1',300 kw x 350 x 24 = 10,920,000 kwh (annual)

expected catAlyst life :a N.A.

EquipmentSupplier NaJn,Q •. SMITH ENVIRONMENTAL CORPORATION 001-97-, 27
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Date: August 4, 1997 Reference Number. BudgetarY Scenarios

Number of pages (including cover sheet): 7 Copy to:

Subject Phenolic Urethane Core BUdgetary Analysis

,
;~. .:
i

,.

!
Thank you for your interest In and It's products. I am pleased to provide ypu with
the budgetary numbers that you Inquired about. Please do not hesitate to call if there Is
any additional Information or cutsheets that I can supply for your report. I look Yorward
to hearing about any progress that may transpire from the data.

SinJJ.IY\ fill



Temperature= ambient

178,000
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Scenatiqj
Phenolic Urethane Cold Box {PUCal Core production

VE:ntilaUon rate= 2000 sc:fm
Daily operating schedule= 8 hours /day and 7 dayaJweelc
Avaraga VOC/OC emissions rat~= 1.6lbslhour
Max. hourly VOC/OC emissions rate= 1.6 Ibslhour (inlet to contrors approx 40 ppmv)
Annual voe/cc emissions= 2.3 tons/year

OCNOC composition rangSS"'Petroleum DIstillates CAS# 158477-31-6164742·95-8 (approx.~3% by weight)
-potential constituents (xylene, cumene. 1Timethylbenz,ene and
mesltylene); i

Petroleum Distillates CAS# 647-742-94-5 (approx. 43"0 by WEiight)
-potential constituents (naptharene, trimethylbenzene,!xYlene,
biphenyl) i

Triethylamine or Dimethylethylamlna (appro:c. 14 ~ by weight)
Guaranteed Ce6ign control removal requirement 900/0 removlll by wvtght (U$Ing USep.A
refel"9nce test. methods (40 CFR, Part 60» "" ...: "

Control equipment type #1;

v/Recuoerative thermal oxidizer rwt 50% recovery)
Equipment Costs: Oxidizer :: 132,000

Supporting ccmtrols = 15 ,000
Fan :: 3,000
ductwork (SIft) ::l __=:;:;=:.._

Total = rso,ooo

Operating Info. hourly gas usage (n3) c 1.35 mmbt:u
electrical use (Kwh) = 5.34

. I

Confro( equipment type #2:

Recuperative ~talytic oxidizer'
EquIpment Costs: Oxidizer = 160,000

Supporting Controls = 15. 000
Fan = "3,000
ductwork (Sift) e __- __

Total =
Operating Info. hourly gas usage (fl3) =

electrical use (Kwh) =
expected catalyst life =

. Control Equipment #3

Carbon adsomtlon wIth off-site disposal:
Equipment costs: r;:arbon adsorber =

supporting Controls =
Fan =
duct'JJonc ($11't) = _

Total =
Operating info. hourly gas usage (ft3) ::

elecbical use (KWh) :::
annusl carbon usage (Ibs) I:



!

Temperature=:!ambient,

·---.--
I

, Scenario t
Phenolic Urethano Cold Box'lPUCB) Cgra Storage

Ventilation rate= 37,000 scfm
Daily operating schedule~ '9.5 hours Iday and 7 dayslweelC
A~r.;lge VOC/OC emissions rate= 1.4 Ibslhour
Max. hourly VOCIOC emissions r.:lte== 2.4 Jbslhour (control Inlet approx.. 10 Pl'mv)
Annual VOC/OCemlssions= 5.0 tonsJyear

OCNoe compositfon ranges=Petroleum Distlliates CAS# 66477-31-61'64742-85-6 (approx. ~50% by weight)
-potential constituents (xylene, cumene. trimethylbeniene and

. mesitylene); I
~~cleum Dlstlllates CA~ 647-742-94--5 (appro". 50% by w¥lght)

-potential constituents (l1<:1pthalene, trlmethylbenzeneJ,xylene.
biphenyl) .

Guaranteed Design control removal requirement SO% removal by weight (using USEP.A
reference te9t methods (40 CFR, Part 60» :

Control' equipmpnttype #1~

CgncgotraIpr
Equipment Cos~: Cldsorber/OxidLt::er ::; 7 52 , 716

Supporting Controls:= 18,982
Fan :::II 10.000
ductwo~ (SIft) =_---'-'-- _

Total =: 781,698

Operating info. hourly gas usage (ft.3) =
eleGtrical use (KWh) =
annual adsorbent cost (S) =
annual maintenance (man-hours):

1,9 mmbt:u
68
Otie-t:ime
60

;
inclusive cost:: i(sel,f-regenerative

i,

pontrQU!q!lJ~ Thermal
BeAAneratbfe~oxidizer(wfmIn 98% beat recoverY)
EquIpment Costs: Oxidizer = 560, 000

Supporting Controls = 18,982
Fan = 12,800
ductwork ($1ft) =_~--::=-~_

Total =- 591,782

Operating rnfo. hourly gss usage (ft3) =
electrical use (Kwh) :I

expedeq.~life =
Imedia

3.67 mmbtu
121
7 yrs

I
, ,

"f
i
"L,.

~QntroJ Equipment #is
BiQfj Itratjon:
Equipment Costs Biofilterlstructure =

Installation Costs (turnkey) '"
Supporting Controls =
Fan =
ductwork (Sift) = _

Total =
Operating Info. electrical use (Kwh) =

annual media costs ($) =
annual maintenance (man-hrs) ==

estimated sIZe (length x WIdth) =



z.
.:can~~

phenolic Urethane N Sal( C NB) Core productiOn
I

Temp9fi!ture= ~mbient,Ventilation rate= 30,500 scfm
Daily operating schedule: 19.5 hours Iday and 7 daysIWeeJ.\
Average VOCIOC emissions rate= 1.7lbslho4r
Max. hourly VOG/DC emissIons rate= 1.71bsJhour {control inlet approx. 10 ppmV}
Annual VOC/OCemissions;: 2.5 tons/year

I

OCNOC composition ranges=PetToleum Distillates CAS" 68477-31-s1S4742-95-S (approx.~o% by weight)
-potential const!tUents (xylene, cumene and trimethy)~enzene);

Petroleum Distillates CAS# 647-742-94-5 (approJli. 50% by W.lgtn)
-potential conlrtituen~ (napthalene, trimett\Ylben%.ene~ xylene)

Guaranteed Ceslen control removal requirement 90% removed by woight (using USE~A
reference test methods (40 CFR, Part 60»

• 727,325
= 18,982
= 9,000
=------Total:s 7S5. 307

Operating info. hourly gas lJsage (fl:3) = 1.4 mmht:t.t
electrical use (KWh) = 57
annual adsorbent cost ($) = 0, 00
annual maintenance (man-hours)= 60

Control equipment type #1:
.' Concentrator

Equipment Costs:adsorber/Oxidizer
SUPPQrting Controls
Fan
ductwork (Sift)

:..:\

~ontrol eaUiRm~nt type #2i t:hermal
Reoenerntjve ~fs,xjdizer(w/m;" 98% heat recovery)
EquipmentCQ~ Oxidizer :: 542. 000

Supportlng Controls. 18 J 982
Fan = 10.800
ductwork ($1ft) = _

Total = 571,782

Operating info. hourly gas usage (ft3):: 2.92 mmbtu
electrical use (Kwh) :: 99
expected~ife ::I 7 yrsnreara

Control Egulpment #3
Blofiltration'
Equipment Cosh;: Biofilterlsupports =

Installation Costs (turnkey) =
Support!ng Controls =
Fan =
ductwork (Sift) :: _

Total c:

Operating Info. eleetrlcal use (Kwh) =
annual media costs ($) ::
annual maintenance (man-hrs) ==

estimated size (length x width) ==



Temperature: ambient
;

738,372
18,982

9,800

, '

(.-.:,
f "

tt

2

phenolic Urethane ~~e;:feotuN8} Core Storagg

YentJlatlon rate.:!! 36.000 scfm
Dairy operating schedule= 19.5 hour.> Iday and 7 dayslwaek
Average VOC/DC emissions rate= 1.4 Ibs/hour
Max. hourly VOC/OC emissions rate= 2.3lbSlhour (control inlet ap~x. 10 ppmv)
Annual YOC/OCemlss!ons= 4.8 tonslyear

OCNoe composition ranges=Petroleum DistJ;lafesc~ 68477-31-6/64742-9S-a (apprDx, qO% by weight)
-potential eonstituenb (xylene. cumane and trlmethylb~nzene);

Petroleum DisUllatis CAS# 647-742-94-5 (2pprex. 50% by welghQ
-potantial aln$t:ltuents (napthalene, trimethylbenzene, ~Iene)

I

I
Guaranteed Cesign ~cnf:rorntmoval requIrement 90% removal by watght (using USEP~
reference test methods (40 CFR, Part 60) ;

Control equipment type"";
Concentrator
Equipmentt Costs: adsorber/Oxfdlzer =

Supporting Controls =
Fan =
ductwork (Sift) = _

Total = 767,154

Operating info. hourly gas usage (ft3) = 1.8 mmbtu
electrical use (Kwh) = 64
annual adsorbent cost (S) ::: 0.00
annual maintenance (man-hours)= . 60

Control egulpmeot~9~ thermal
BaseoeratiVe si~djzerfwlrnjn 98% beat mCOVelY}
Equipment Costs: O;Qdiz;er • 551, 000

Supporting Controls = 18,982
Fan = 11,500
ductwork (Sift) ::: _---= _

Total = 581,482

Total ::

Operating tnfo. houny gas usage (ft:3) =
electrical U$B (Kwh) =
expectedf~life ::

Cectro' Eauip[I1eot #3
8jQfiln:aUQo·
Equfpment Costs Biorilter/supports

Installation Costs (tumkey)
Supporting Controls
Fan
ductwor1c (SIf\)

3.63 mmbtu
118
7 yrs

=
:::

=
=
::------

rJ,

Operating Info. electrical use (Kwh) ::
annual medIa costs (S) =

annual maintenance (man-hrs) :::
estimated size Oength x Width) =



Temper:lture= ~mbient

1,300,000
18.982
32,000
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3 ­
Scenar;oJ

pheo9Uc Urethane No 8ake1PUNB) Mold Mpkjng

Ventilation rate= 85,000 sdm
Daily operating schedule= 16.0 hQurs Iday and 7 daYSJWeel<
Average VOCIOC emissions rate= 4.8 Ibslheur
Max. hour1y VOC/OC emission"iJ rate= 4.8 .lb9lhour (ccntrQI inlel spprcx. 10 ppmv)
Annual VOCJOCemlssions= 14.1 tonslyaar

OCNOC composition ranges==Peb'cleum DistillatlS CAS#- 684n-31-e164742-95-6 (apprcx. ~O% by weight)
-pete,ntial constituents ()oylene, e:umene and trflT1ethyl~ene);

Petroleum OlstilJates CAS# 641·742·94-:5 (approx. ~O% by wejght)
-potential constituents (naptflalane, trimethylben.zene, ~ene),

I

Guaranteed DesIgn contrel removal requIrement 90% remavlIr by ~19ht (using USE?~
reference tast methods (40 CFR, Part SO))

Control eQuioment type t111;
,QQncentnrlor
ECluipmentJ Costs: adsorber/O"idiler =

Supporting Controls =
Fan =
ductwork (SIft) = _

Total = 1.350,982

Operatif'lg info. hourty gas ussge (ft3) = 4 •28 mmb~u

elec:trical use (KWh) ::: 161
annual adsorbent cost ($) = 0 •00
annual maintenance (man-hours):: 80

contro~~~~/,t.h~nnal..
~!l§l!Ef!Y.~~_eldlzerCWlmJO, 98% beat recovery)
EqUipment Costs: Oxidizer =1)200. 000

Supporting Controls = 18) 982
Fan = 41.700
ductwon: (SIft) = _

Total =1.260.682

Operating Info, hourly gas lJsage (ft3) = B, 48 mmbcu
electrical Use (Kwh) = 275
e,:peeted ~2(~~ life !!! 7 yr_

Imedia
Control Egujgment#3

8Ionltra!ion;
Equipment Costs: Biofilterlsuppor1S :::

Installatlo" Costs (turnkey) =
Supporting Controls =
Fan =
dUctwo~ (Sift) ::: _

Total::: .
Operating Info. electrical use (Kwh) ==

annual media costs (S) :::
annual maintenance (man-hrs) =

estimated size (length x width) =
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,Pbe~oHc 'Urethane No :::;jgZ'BlMOldStorage
.' . . .

, "

l':'"":',

, .l
:l'.;.. /

t
J ','
r , Veritil:;ltlon rate= 165.500 sdm TemperatUre: ambl~nt

_,..;i _/,. Dally operating sched~le.=: 24:0 hoUrs Iday en~' 350 dayslyear , , ". "
/' '._" , Average VOC/OC. emIsSions rate~ 6.0 Ibs!h~JUr .',

iif:{' I Max. hourly .vOC/O~ ~ml~jon~ rQte=: 1O.O'lbslhour (controlln,let approx. 1Q. PPrlw) , ,
[;:)'1 Annual VOC/OCemlsslons::l 25.1 tonslyear . ,
l';::'~·~ , ~' . .. •I .' .'. • ., • .: • • • • '. ..:.".' :" :"

OCNOC'compo;iti,cin ranges=~etroleumDistillates CAS# 6s4n:-31.:s164742-95-6 ,(apPrQx. 50% by weight)' .
" , ' ·~crlential constituents (xyleJ:\e., cumer1e and trimethylbenzene); , ,.,,;::'.: "

petroleum Olstillates CAS# 547~742·94-5'(apprc?,. ~O"(.·by weight) :" '.
"p,otentlal,constituen'tS, (~aPthalene, trimethyloenzene, ,xylene) "

'. . .
Guaranteed Design control r,emoval re-qulrement SOlita removal by. weight (L1slng USEPA
r~fBran,c8 tes~ meth9ds ~40 C~~ Part 60)) ':. ~ ,

' •• I,

.... "

., . '. "",

.'

, ""

2,400,,000
32).000

~\\56''J;.OQo" , .. ,"'".• ' r.· .
i'U8' '00'0', ,

..
""

Control eqUipment typE2 #1:
ConcectratQ.[ ,
Equipment Costs: adsorber/O~ld!zer' =

.sunnnrtinn ~nrrlt'nlc: =
Pan

. ". "

, Hourly ~u~l = 8.67 ~btu

Hou~ly Electric 317 kY
"

, .
l .: ': '••'
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Inc.

, "

'.' Facsimile Transmission, : ,

~ ..
IFa"

.'. " , .

t.: . ' ' .. : . ,'Dste:'

To:,"

.~ompany: :.

Phone:,

Fax:

March 1~. 199~ "
, .

" Dave Newsad., ' ,. '.' '.'

Residuals Management
Tech'j fnc.·. .' .....

61.4-793-0926

,614·-793-0l51

Reference Numb'er: .

'. From:

Department:

Phone:

FaX:
, ,

NU~9~,~f p~ges_(IncludiD9 covcJ sheet): 4' ,'Copyto:

• ' ••• :. I'

'SubJect:; BUdgetary analysis for additicmal scenario's. ... .

Dear Mr. Newsad., ,,' .'. , '. : . "

~l ,',' ,The attach~d are th~ bu~ge~a,ry quotes for th~ .~~djti.of)ai.scena'nos.tha't you. h,ad: ,';,
~~: ., . ',' .,: 'folWarded to Kart As with a11'abatement equipment, all devices are contingent of final

: analysis of the process stream,:t>elii9 treated.'
, ..... :' ,,:'.:" . , ... :.. ,... ,:. ....,.. ., .

Ii If you have any questions regarding the control' devices :Or numbers presented, please
<u l give m~ acall. ,
. ,";'

t'ii
~,..;.J;

r '
i i
\
1._. '

, "
" .'

......, _..
:M:ar:k7tin~ C:oorpinat,~r
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I'~ ?h' T I n:lM O~-TT_).lHI.l
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. SCenariO 4'
.Phenolic Urethane Cold Box ~UCB) Core "Storage

VentilatiOnrate-S8~OOOEic:£n\: . Tem~~-~bient
Dilly~a~sc:he4.ul~2~,Oh01:USI d.ay and. 36?·~ys/year, .' ' ..', "
Max.,ho~lY YOC/OC'emisS:i~ rate~.4 ~/hQur, (c:ontrci1 inlet app1'OX. !?o ppinv)': .',
~YOC/OC emis~Ons~.9 tOns/y~. '. . , ' " , '

"

oc/veX:.~p05ition~..~lewnD~tillate9 ~~7?'~3~-(i/647~5-6.<appr01. so~ by~t) '"
. -potl!:Iilial constituents ('o/lene, CUlnene: tr.iJrvrlhyl~c i:IIul~c::rl,tylene);

Peb:oJeumOisl:11lates CAS#G47-742-94-S (apprir.i.50% by~t) :
'. ' -pai:mttW constituents (naph~e. triInethyIbetUei\e. xylene"bip~l)

, .. ' , , '.' '. .. '. :., ... , ,

.G~~~ed'Deslgn~tro~ removal n!qu.1Nmcnt 90% ,rexrio~ bY. weight (U5ing USEPA
'reference~methods (40 CFR. Part 60)' , ' , '

'.' .. , . , , .

'. ':

• ..' 1

., ~

'~, .CO~V;o't=p::\]'i'e #1:' , .
.',Concen~ (>,I.j b I -z,e:£-

Equipment C0:rt::9:' A~rber/ Oxidizer .,. {/5"0.... coo.
, Supporting Controls = /A..L(!.t.- .

, , ' . ,Fan ... /~t!./.-.

DUctwork ($/ft) = - ,

..\

..

" 'To~ - •./; .'5"PI,~9 "

. ' ' " "~ting In£Q~ Hourly C;;as Usage. '==0·4 rnm~TL)I~
, .: e1edrlciJfuS(Kwh) o=':)/p ~\..Jh ' " , ' ,

, ,annllal adsorbent c05t (5) r:: 0.00 '. "

'. , .BnI\ua1 ~teni:tce (man-hours) =70~
. . " .' '" '., .

, ";.
.,,{'

'.' ' .

m
,

:",
~':

~
~~'
t~:t

r
,

.....J~

:

\
':1
"

..:.:

. ,Co:nt:«ln~gu.1PJmIDt'Type'2:: ' , , '~~1'2Ve-T'~ e:H=IC '
, ," RuenC.ratiye ThermalOxi~ (w/min.9S01o~i~l" .

'.' Equip'ment Costs:' " " .' ~er'- ~ /".s; 00 " .
Supporting Controls = /..va. .

. . Fan .,.. /~C!£..,

. Ducfwod: (5/ft) ....

.. , . T~ ~,~ 14.s;i ooC)
'. ,

, . O~~ In!o. H,ou.rly~U~ge <_ a4 ~ ~ hJr1?~7VIJ+~
: ' . " .. ,,' e1~a1\IS (Kwh)' =127 J:..k./h .', .

-t£lji ! 1 I '3 trs "J..J.{A' " .

E~pII\ent S\lpp~ex:,N~, ---: _
:' .

" ., , ..

, ~.. , ,': ~

'"':In' f

'.

nr" .•( , ...'

rlu ..,,,,.rr ""u nt"\ 'T \lUll



'. --:--_. -- --.' -_ .. -- _.-. -_ ..

. :.'. . ' ... Scenario:S
Phenolic Urethane N oBalse .

£PUNB) Mold Production

: OC/V.~ Ct?mposllicn ranges~Pet:r~eum·D1s~t!!5 ~'Tl-31~1~742-95-6 (llopprOx.:SO%1ry'.~
. :'. ., . :-patt;ntWccmstituenb (xylene, cumene and trimethyl~cne)i . '.'

Petroleum Distillates CAS*647.742a94-5 (llpprOX. 5O%d')' we;ight) . .
.~til!l cQristitu.enf.s (nap~ene; ~ylben%:we lIll.d xylene)' ;

• , . • t· •

G~antecd Dwgn control ~~~alrequ.ire:menl90%~cm01/alby 'Weigh~ (using U:~EP~ ' .
.:ref~c~ test methods (40~~~ 60»)· .' . . . . ' .

.' .
: .. ', ....

' .. ' ..
',: '.

fil . Vent:ilation rClte=127,5oo scfin Te:m.peratu.re=amhient
iSl, :':,: .·.Daily QPerating sChedule=16.0 hou.rs/ dAy and}504aysJie:u" ", ,::' ." .:,'.

. . .':' Max. houtly VOC/OC e.aduions rate-7.5 lbs/hour (control frIlet ~ppr~ 5.0 ppmv)
r~ .' . ';" .'. Annual VOC/QC emi9s.lons=20.3 tnilslyear· . ::
~ l '.': .., •

\"." .' \.

: Control Equipment Tm '1;
~l' ., ., ' .. ' ·,.COnC!.e:Dtnto.r .
lJ .:' Equipment Costs: Adsorber/Oxi~er'= 2;t4()O; 00 0

.. :.: .'. : . .... '. SQpporting Cont;'ols = 1A.K1,..
Fan .:: /,A./a.

Duc;:twork ($Jft) • --

-.0, 'i' 'J71mer4!;JIZ­
=1'2''2- :L.Jh ' ",
:I o.~

.. / tf.0/-112S .

, ,
,.'

".

T~ ... 4-1tPJ 000
, . , ",

:..., opetating·Infe,.H~ly Gas ~sage~
.. '.. '. .... . electrlca1 \1.5 ~wh)

.. annual adsorbent cost ($)
annual~e (man-hours)

....."

..... ','

. "

.' : Control-EquiPment -riPe !2.: . .
j\egenmtjyeThqmal Oxi.d1Jer (wlmin. ~% heat recoveo') .. ' .
Equipment'Co-its: . .. Oxidizei' ... 'zi-:2.£:'"0iooD

.Supportlng Controls - IJ..!C1-. ,

'Pan II: /s:Jct.·
DU~k(SIft) ,= ' -

.. '.. '

r"~: '.
t .. ;

, ,

opekting Info. Hotuly Gas Usage (,." =q .,5.m m 15r.uJ~ .
, .... . : " : ·el.~~ (Kwh) -= 280' kJJJ-, ":.

: . C"'}. ts Aeabi:1yM life c t-Jl t-. ."

, "

, :,- .'

'.

[. !
, .
1_ ' " ,

Equipment SupplierN~ -.;.... _
;..

.. " .

. ....

• '0. _. _ ... "'_11 ""1"'\ " "UII
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.. , .. SceniU'~. "
Phenolic Urethane No Bake
.(PUN~lMold Storage

~@ ---_.-- "'..

itJ .' .Ventila~ ~234,;500 scfu:t.'. '. . '. . . Temperubu'e=al:nhi~t
.' -, ' pauy.C?pera.t:in'g-~ectw~9hOurslday.and950 days/year '. . . : '. . '.

<"' .: • • 'Max~ hoU.rly·VOC/OC einisslcins rat:e-13.8lbs/hour (contx'ol inlet approx. 5.0 ppmv). .
., .: .; . : .Annual VOC/OC e:i:n.bsions~3?6tOM/yem. . '. .... :. " .

. "0··· " . . • . . ' .;", .

..
" ' .. "

.OC/VOC·c:otnPooitioilI'~P~oletun Dis~teS CA$#~7'7~1-:6/647.u-9~ (~ppm..50~. bY wdiht) " . . ,"
: .'. ' , '. : ." .. ' -potential c:oNtitUents (xy~ i:ume:ne'and tmnethylPen%eM);' ' ': .' , .

: . I:'etrolew:n DistillAtes CAS#647-742-94-S (apProx. 50% by weight)
.. . " : ':-pO~&1 CO%\$~tuents (na~~e. trh:r\C':hY~8!U'd xykne)

.'Ol

C"1

G~' ' .
Guar~edDesign cont:ro1're;a.Q1r1l1 requirement 90"/. removal by weight (usingUSEPA . .
rc:!e.rencetest melJtods (~.CFR,P~.60») . .

.Contl'o1Equ!pnumtTrie #1: .
, . ' :: .COncepJr2tor '.'

..EqUipxne:nt Costs:· Adsorber/Ox1dizer = 3, 'S-oo 1 000 .

. . Supporting Controls ... /A..Ie..t... .
. Fan =/A./t:~_

. Ductwork (SIft) .... -

. :

Total =/,vCl...

,
~·l'

bp~ting'Info>HOlUiy~USa'ge'(Illfi ..;I;/R':";'" 'i3rv/pe.. .
,: .: :. .,...,.', '. . eloc.l:tica1 us (I<wh) ... 2.25 }:..lJh· ,

. '. . 'annuaI adsorbent cost ($) ~ o.o~
-, a'nnrlatmahi~ce (man-hou:t.) ... 250 l..Jes. 0

• 0··

.. " ...

Total .... .$..;.'?io~ 00'0

Operating In£o.~HOU1'lY:GasU~ge~ .~ 17.5'mm13TvlJ.J-1L ... .
.~aU uS (Kwh) =5110 ~lJ h
~*~eakH,~1W: NA

'ContrOl E4uipmentTypc f2: .: '. _.
Regen!a\ative Ihmnal Oxic:llzet (w!min. 98% heat recovery)
~pmentCOsts: ....; , C¥di%e:r'" 31-15'0, tx?f?

, Supporting Controls ... 1A.1~ L.. .
Fan = /tUe.L-.

Dudwatk (SIft) ... -

' ..

. :.

~ '",

I

~·~!l .
..! .."

, .
.~:'\~ .:
~;r0

:'0

.. ' . :

" EquipInent SupplierN~ ....,..__.......;... _

...."
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DATE:_~YI....h~t....Lez-,) _
; /

TO:

COMPANY:

FAX NO:

FROM:

OUR REFERENCE NUMBER: _

RE:

NUM~ER OF PAGES, INCLUDING COVERSHEET; -----7-4------

NOTE:--------------------------:-_--

PLEASE NOTE: If you have any problems with the transmission, please call us immediately at



Scenario 1
PbeoQlic Urethane Cold Box (PUCS) Core Production

Ventilatton rate:: 2000 sctrn Temperature::! ambient
Dally operating schedule= 8 hours Iday end 7 day~k
Average vec/oc emIssions rate- 1.6 Ibe!hour
Max. hour1y VOC/OC emIssions rate= 1.6 Ibslhour (inlet to controls approx 40 ppmv)
Annual VOCIOC emleslons= 2.3 ton5/year

aCNoe composItion ranges-Petroleum Di!'tlllates CAS# E38477-31-B/S4742-95-6 (approxA3o/a by weight)
·pctentlal constituents (xylene, cumene, trimethylbenzene and
mesitylene);

Petroleum Di~tUlites CAS# 647-742-94-5 (approx. 43% by weIght)
-potentIsl constituents (napthelene, trtmethylbenzene, xylene,
biphenyl)

Triethylamine or DimethylettlyJamlne (spprox. 14 % by weight)
Guaranteed DesIgn control removal requirement 90% removal by weight (uslnSf USEPA
retel"8nc:. ta.t method. (40 CFR, Part 60»

Control eauJomwnt ~;9 #1'

BecupftCllt1ye thermal oxidizer (WI 60% recovery) .
Equipment Costs: Oxidizer =}

Supporting Controls = I ~o, 00) 0

Fan =
duc:twor1< ($1ft) • _

Total =
Operating Info. hourly gas usage (fi3) = " ~-u ..., " .. ..;

el~CC11use.(Kwh) = )

~: Centro! .gulpment type #2:

RecuQt!lrative Catalytic oxIdlzB(
Equipment Costs: OxidlZl!r = J

Supportlng Controls =
Fan •
ductworK ($Jft) = _

Total ::I

>.\
. "

. ,

.Operating Info. hourly gsa usage (ft3) =
electrical use (KWh) ::I

expected catalyst life =

Control Equipment~

il 0 0, 0«:1 co

7

Gr

Carbon ad!lOcption with off-site disOQUI;
Equipment costs: carbon iildsorber ::I

Supporting Controls =
Fsn =
ductwork ($/ft) = _

Total =
Op~ratlng In(o. hourly gas usage (ft3) =

"llectrical use (Kwh) =



f·",."'--.'.~.
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ScenarIo 7.

/
EhenoHc Urethane Cold Box (PUCS) Core Storagl

Verrt1latlon natell 37,000 sc;fm Temperature~ ambIent
Dally opef'i!tJng &chedulF 19.~ hours {day and 7 daysJweek
Average VOC/OC emissiona rate= '.4 Ibslhour
Max. hourly vae/oc emlnlons rate= 2.4 lbe/hour (control inlet approx. 10 ppmv)
Annual VOCIOCemisslons::: 5.0 tonslyear

OCNoe composition ~nges=PetreleumDistillates CAS# 6B477-31-6/64742-95-6 (approx. 50% by weight)
-potential constituents (xylene, cumene, trlmetl'lylbenzene and
mesitylene);

Petroleum DI~tillQt.e.s CAS# 847-742-94-5 (approx. ~O'Yo by weIght)
-potential constituents (napthllene, tlimet1'lylbenzene. xylene,
biphenyl)

Guarant..d C••tgn control removal requirament 90% removal bY' ...... lght (u!lng USEPA
r.'e","ce w! me-ttlods (40 e,.Pt, Part eO»

Control egu(pm,nt tyRe #1:
Concentrator ,
equIpment COS1S: edsorber/Oxldizer =5

_:

./ / 1"0,,)oJ ..Supporting Controls too

Fan
ductwork (SIft) ::1 _

Total =

P.4

OperatJng Info. houl"ly gas uS8ge (ft3) :II

eleotrical use (KWh) =
ennual ad!lorbent cost ($) =
annual maintenance (man-hou~)=

,b~ ":),, ..

J'" V
18 ~!J..,J..

., II .
'\
,~. .
t'e,

Control egulpment tvQ9 '2;
Regenerative Catalytic oxidizer (wlmln. 98% heat recovery)
Equipment Coats: OxidIzer =

Supporting Controls =
Fan =
ductwon< ($/l't) = _

Total •

L :

r "
t '
L.. :

Op.~ting info. houriy ga:s usage (ft3) •
electrical use (Kwh) =
9)(pected ecItalyst life •

Control EauJement tI3
Bjoflltratjoo:
Equipment Costs Blofllter/struet\Jre

Installatfon Costs (turnkey)
Supporting Controls
FQn
C1UctWunc (~rn)

:r

=
=..

Total =
Operating Info. electrical use (Kwh) =

annual media tests ($) ..
annual maintenance (man-hrs) =

..di,.,., .. t ..A ctJ7P. flp.nnrh 'It wIdth) =



Temperatura: ambient
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phenolic Urethane N B k.e LNB) Core production

Ventllatlon fate- 30,500 scfm ~
Dally operating schedulQC~hou~ Iday and 7 days/Week
Average \loe/ce emissions rat.e= 1.1lbslhour
Max. hour1y VOC/OC emissions /"Itt!= 1.7lbslhour (eontrol inlet approx. 10 ppm....)
Annual VOC/OCemlssJons- 2.~ tonsJyear

OCNOC composition ranges=Petroleum Distillates CAS# 66477·31 ..6/64742-95-5 (approX'. ~O% by wel~ht)

-potential constituents (xylene, cumene and trlmethylbenzene); .
Petroleum Distillates CAS# 647-742-94-5 (approx. 50% by weight)

-potential constituents (napthalene, trlmethylbenzene, ~Iene)

Guaranteed Dealgn control remo'lal rlquirement 90% removal by weIght (using USEPA
rater-nee teet m-mods (40 C'R, Part 60»

Cgotrol l('juJpment type "1:
Cgncentrato[

EqUipment Coste: .diQrberlOxfdizer _== j
SupportIng Controls '6 :.-0, L>" U
Fan
ducrwork ($1ft) :: _

Total a

Openstlng Info. hourly gas u811~e (ftJ) =
electrical use (Kwh) =
annual adsorbent cost ($) =
annual maintenance (man-hours)::

Contral egul~menttyee #2:
Bag.ns@ijve C~t8lytjcOXIdizer (wlrnjn. 98% b9i1t recovery)
EquIpment Costs: Oxidizer •

Supporting Conrrols =
Fan =
duetworic ($1ft) :: _

Total =
OperatIng info. hOUrly gas u,age (ft3) :::

elecbical use (KWh) =
expected catalyst life :a

Control Equ[pm~ntIQ
BjQfUtntjoo'
Equipment Com: Biofilterlsupports =

Installation Costs (turnkey) ::I

Supporting Controls ::
Fan =
ductwork (Sift) = _

Total ::
Operating info. electrical use (KWh) :::

;annual media costs ($) =
annual maintenance (mzn-h~) :::I

Qstimated size (length x width) ::
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Scenario ~

phenollc Urethane No Bake ( UNB) Core Storl~

Venti(~tion rate- 38,000 setm Temperature= ambient
Dalty operating Ichedule- 19.5 hours Iday and 7 dayweek
AVClrllge VOC/OC emisslonc rat.- 1.4 IbsJho~1f

Max. houriy VOC/OC emissions rate- 2.3 Ibslhour (comrcllnlet approx. 10 ppmv)
Annuel VOCIOCemis~loms;a 4.8 ton$1year .

aCNOC compoeltion ranges=Peucleurn Distllla~s CAS# 68417-31-6/54742-9S-a (.pprox. 50% by weight)
-potential constituents (xylene. cumene and trimcthylbenl.ene);

Petroleum Dlstlllate.s CAS# 647-742-9+5 (apprcx. 50% by weight)
-potentl!! constituents (napthalene, trimethy!benzene. xylene)

Gu.rantHd Ce,lgn control removal Nqulrement 90% removal by weight (using USEPA
reference tut methods (40 Ct:RI P41rt 60))

Carrtrol equIpment tvP9 '1:
Con'i'orrafpC
Equipmentj Coe~: !Idsorber/Oxidizer -}

Supporting Controls =
Fan . •
ducNr'orX (SII't) = _

Total =

Opet'C!rlng Info. hourly gas usage (ttJ) a :,-()<J, ,)J~

electrical use (Kwh) :: ''',-(
annual gdsorbent cost ($) .. '1 fl, ,",u 0

annual maIntenance (msn-hours)2

~QntrolequIpment type #'2;
Regeneflltiye Catalytic OXidizer Cwlmij1. 98% heat feCOVury)
EquIpment Costs: Oxldlzer •

Supporting Controls =
Fan =
ductwork (Sift) = _

Total =
Operating info. hourly gas u5sge (ft3) 2:

electrical use (Kwh) •
expected catalyst life =

po i]tJ~ .... O

1 '.'~' I

f
""
:'\

,·"1
It·..·
~'..: ...

Control EQ.uipment #3
Bjgmtrjltioo'
EquIpment Co~t:s Blo11lterlsupporls ::

Install!tlon Costs (turnkey) =
Supporting Controls ::I

Fan =
dUctwork (Sift) = _

Tot;:1 -

~. I

Operating In(o. electrical use (Kwh) =
annual media costs ($) =

annual maintenance (man-hrs) ::
estlmated size (length l( width) •
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ScsmarjQ t

phenolic Urtthane No Bake (PUNS) Mold Making

Vantihrtfon rate:s 85,000 sdm Tempcmlture::r ambient
Dally operating ~ehedule:ll 16.0 hours Iday end 7 daystweek
Average VOCIOC emlsalene rate- <4.8 Ibs/hour .
Mex. hourly VOCIOC emissIons rates 4.8 Ibslhour (control inlet approx. 10 ppmv)
Arlnual VOClQCemlsslons- 14.1 tons!year

OCNOC composltlon ranges-Petroleum Distillates CAS# 68477-31-6/64742-95-6 (approx. 50% by weight)
-potential constituents (xylene, cumene Bnd trImethylbenzene);

Petroleum Dlstillate~ CAS# 647..742-94-5 (approx. ~O% by weIght)
-potential constituents (napthalene, trimethylbenzene. xylene)

au.r~ntwed DesIgn control removal requIrement 90% removal by weight (usIng USEPA
refer-Me. tat methods (40 CFR. Part 60))

Control equIpment tye, #1 j

Cgncef!tratQr
EqulpmentJ Coste: IIdsorber/Oxid!zcr -J /

. Supporting Controls:: I, 1 0 ~# (,)0 0

Fan =
ductwork ($Itt) = _

Tousl •

Operating info. hourly gas uSl!Sge (ft3) =
Qlectrical use (Kwh) •
annuli! adsorbent cost ($) =
annual maintenance (man-houns)-

~ Control eQuIpment tva 12:
ta Regemmstjye CatalytIc oxidIzer (wlmjn. 98% heat recoyeOO

EqUipment Costs: Oxidizer •
~ Supporting Controls •
ij F~n =

duetwor1< ($1ft) = _
Total :::

.. j

d'

Operating info. hourly gas usage (1\3) •
electr'fC::l1 USQ (KWh) =
ex'peded catalyst /ite •

Contrp. Egujpment tQ
elofiltutlioo;
Equipment Costs: Blofllterlsuppons =

Installation CO&ts (turnkey) =
Supportlng Controls =
Fan =
ductwork ($/ft) ;; _

Total·
Operating In(o. electrical Use (Kwh) -

annual media costs ($) =
annual rnalntenMce (man-hrs) =

estimated size (length x width) =



Temperature= ambient
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-'ScenarIoS
phenolic Urethane rip SaM (PUNa) Mold Storag,a

Vantllation nrte= 165.500 scfm
Dally opefating schedule: 24.0 hours Iday and 350 daY$/yaar
Average VOC/OC emi!slonl rate"" 6.0 Ibslhour
Max. houny voe/oc emlsslom' rate::! 10.0 Ib!lhour (control inlet epprox. 10 ppmv)
Annual VOCIOCemlssionsc 25.1 tonalyaar

OCNOC compo!ition ranges:lIpetroleum Distillates CAS# 68477-31--6/84742-95-6 (ilPProX. 50% by weight)
-potential constituents (xylene, cumene and trimemylbenzene):

Petroleum Distillates CAS# 641-742-94-5 (approx. 50% by weIght)
-potentfal constituents (napthalene, trlmethylbenzene, xylene)

Guaranteed Oasign control removal requirement 90% removal by weight (u!Jng USEPA
rcklrer'!ce t~ methods (40 CFR, Part 60»

COrmcl iQulpment tyge ti.1;
Cgncentea10r
EquIpment Cost3: adsorber/Oxidizer 3"d , ,/CO, 000

SupportIng Controls =
Fan -
ductwork ($1ft) ;: _

Total.

Operating Info. hOUrly gae usage (ft3) = ~, yoo, ~l~ 0

electrical use (KWh) = '" C( 0

annual adsorbel')t cost ($) == S:~ ':"~ L~

annual main~(lSnce (man-hours)::

ConUa) iQu(pmeot type tt2:
Be:generative R£ltalytic oxldiur CwlrnJo. 98% beat (~Qvery}
Equipment Costs: Oxidizer =

. Supporting Controls ::
Fan =
ductwor1c; ($m) = _

Total =
Operating info. hour1y ga8 usage (ft3) =

electrical use (Kwh) =
expecl~d catatyst life ::

Control !gu(pmlnt 113
fllg11ltraUon:
Equipment Costs: 81ofilterlsupports •

lnsta"~ljon Costs (tumkey) =
Supporting Controls =
Fan =
ductwork (SIft) . :: _

Total =
Oper;aUng info. electrical use (Kwh) ...

<lnnual modis costs ($) =
annual maintenance (man-hrs) '::I

estimateO size (length x width) =
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August 4, 1997

..-.....--_..-----­
...,-..----

Thank you for the opportunity to work with you on the VDC/DC equipment cost estimate
for "PUCB" Core Storage. Based on the data provided, we have developed costs for the biofilter.
These are estimated costs and include installation. The cost for electrical usage is minimal. The
cost would include pump and blower costs which due to the low pressure drop (10" max),
requirements are kept low. The annual maintenance manhours average 50 MH/yr. The
following are the installed costs for each of the scenarios:

~',"4
;[J

Scenario 2
Scenario 3
Scenario 4
Scenario 5
Scenario 6

37,000 ACFM
30,500 ACFM
36,000 ACFM
85,000 ACFM
165,000 ACFM

$1.5 X 10-6

$1.19 X 10-6
$1.47 X 10-6
$2.35 X 10-6
$4.97 X 10-6

,.-,

)1
:.:J,

Should you have any additional questions, please feel free to call.

Very truly yours,

GM:ew
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fax TRANSMITIAL
a

Date: JUly 28. 1997

Number of Pages: 06

Please find attached the quotations you requested for your BACT analysis. I am also sending you some literature
describing blofiltration technology.

If you have any question, please feel free to contact me at (903) 758-3395.

Sincerely,



I
ScenarlQ2'

phenolic Urethane CQld Box fpUCBl Core Stora.ge

Ventilation rala= 37,000 scfm Temperature= ambIent
Daily operating schedule= 19.5 hours Iday and 7 days/Weel<
Average vOC/OC emissions rate~ 1.4 Ibs/hour
Max. hourly vac/oc emissions rate= 2.4 Ibs/hour (control Inlet appro:.:. 10 ppmv)
Annual VOC/OCemissions= 5.0 tons/year

aCNae composition ranges=Petroleum Distillates CAS'I;I68477-31·S/64742-95-6 (approx. 50% by weight)
-potential constituents (xylene. cumene, trlmethylben2:ene and
mesitylene);

Petroleum Distillates CAS# 647-742-94-5 (appro:.:. 50% by weIght)
-potential constituents (naplhalenc, trimethylbenzene, xylene,
biphenYl)

Guaranteed Design control removal rcrquirement 90% removal by weight (usIng USEPA
reference test methods (40 CFR, Part 60)

~onttQl equipment type #1:
Concentrator
Equipment Co~t~:· adsorber/Oxidizer =

Supporting Controls =
Fan ::
ductwork ($/fl) = _

Total c

Operating info. hourly gas usage (ft3) =
electrical use (Kwh) c

annual adsorbent cost ($) :::
annual maintenance (man-hours):

Control equipment type #2:
Begeneraiive CatalYtic OXidizer (w/tnin. 96% beat recovery)
Equipment Costs: Oxidizer ::

Supporting Controls :
Fan =
ductwork ($/ft) :: _

Tolal =
,-:.

.'
"','

Operating Info. hourly gas usage (ft3) =
electricall,lse (Kwh) "'"
expected catalyst lifo 0::

j / "ql o{)tJ~
- I, IlJ='ZfJ~

= t.Nc... .
: .$1IIc.-

=IJ~·
Total === III': ~J o~;: tA

Operating Info. electrical use (KWh) =3St3 ~
annual media costs (5) J'I7/~OO

annual maintenance (man-hrt) = /00 ,
estimated size (langth x Width) :: 6.01)( /1'1

Control Eqylpment #3
BiQfiltration'
Equipment Costs Biofilterlstruclure

Installation Costs (turnkey)
Supporting Controls
Fan
ductwork ($/ft)



2

Phenolic UrettHme N;~i~rWtNBl Cor, productjon

Ventilation rate: 30,500 $cfm Temperature::::: ambient
Daily operating 5(;/'ledule= 19.5 hours Iday and 7 dayslweek
Average VOC/OC emIssions rate= '.7 Ibslho4f
Max. hourly VOC/OC emIssions rate= 1.7 Ibs/hour (control Inlet approx. 10 ppmv)
Annual VOC/OCemisslons= 2.5 tonstyear '

OCNOC composition ranges=Petroleum Distillates CAS# 68477·31·6/64742-95·6 (approx. 50% by weight)
-potential constituents (xylene, cumene and trimethylbenzene);

Petroleum Distillates CA$# 647-742-94-5 (approx. ~O% by weight)
-potential constitueht$ (napthalene, trimelhylbenzehe, xylene)

Guaranteed DesIgn control removal requIrement 90% removal by weight (using USEPA
reference test methods (40 CFR, Part 60»)

['-:;:':"!"
';':'1, "
\,~~....

Control egulpment type #1j
CoocentratQ[
Equipment Costs: adsorber/Oxidizer =

SUPPol'llng Controls ::
Fan ::
ductwork (Sift) = _

Total =

Operating Info. hourly gas usage (ft3) =
electrIcal use (Kwh) =
annual adsorbent cost ($) ::
annual maintenance (man-hours)=

Cont[ol egYlpment type tt2;
Regeneratiye CatalYtic oxidizer (w/mjo, 98% beat recovery)
Equipment Costs: Oxidizer lit

SupportIng Controls ::
Fan =
ductwork (SIft) :::: _

Total =

Operating Info_ hourly gas usage (f(3) I:'

electrical use (KWh) c:

expected cataly:s\ life =

=tit 'rIO, 0 {)O tz5!.

=(NG-

=IAJC',-

=NJc,
:: flfA ~

Totel c 1J't3'lo;ooo
Operating info. electrical use (Kwh) :: ~.~

annual media costs ($) :::J:;9,/soodJ
annual m~int9nBnce (man-hrs) = /t10 I

estimated size (length x Width) = to'l(. Cl'l

Coot[ol EguIcment #3
l3..iQfiltratjon-
Equipment Costs: Biof1lterlsupports

Installation Costs (turnkey)
Supporting Controls
Fan
ductwork (Sift)



. Scenario]
Pb~nQ!lcUrethane No Bake (PUNS) Core Storage

Ventilation rate= 36,000 scfm lemperature= ambient
Daily operating schedule= 19.5 hours Iday and 7 dayslweek
Average VOC/OC emissions rate= 1.4 Ibs/hour
Max. hourly VOC/OC emissions rate:.: 2.3 Ibs/hour (control inlet approx. 10 ppmv)
Annual VOC/OCemissions= 4.8 tons/year

OCNoe composition ranges=PetroJeum Distil!ates CAS# 66477-31-6/64742-95-6 (approx. 50% by weight)
-potenti2:lr constituents (xylerle. cumene and trlmethylbenzene);

Petroleum Distillates CAS# 647-742-94-5 (approx. 50% by weight)
-potential constituents (napthalene. trimethylbenzene. leylene)

Guaranteed Design control removal requirement SO% removal by weight (using USEF'A
reference test methods (40 CFR, Part 60))

Control eqylpment type N1 j

Concentrator
Equipment! Cost$: adsorber/Oxidizer =

Supporting Controls =
Fan :::
ductwork (Sift) .. _

Total =

·...i
" .
.,

. I
~,

Operating info. hourly gas usage (ft3) =
electrical use (Kwh) ;:
annual adsorbent cost ($) ::
annual maintenance (man-hours)=

Control equipment type H2:
B~~eneratlve Catalytic o"jdjzer (wlmin 98% heat recovery)
Equipment Costs: OxidIzer ""

Supporting Controls :::
Fan ::
ductwork (Sift) ::: _

Total =

Operating Info. hourly gas usage (ft3) ::
electrical use (Kwh) =
expected catalyst life :::

.. pIA
Total ~1~ ~~ 000 S!'!

Operating Info. electrical use (Kwh) .;: ~.a

annual media costs (5) ;: of~~ClO

ahnual maintenance (man-hrs) a: tOO ,

estimated size (length x width) c "orx,tll

Contro! Equipment #3
8jQf)ltratjon'
Eguipment Costs Biofilterlsupports

Installation Costs (turnkey)
Supporting Controls
Fen
ductwork ($/ft)

···.1
.'1 •

.".J"

: :.:~~ I

~~ i

::1.. ,
Gj



. 3
~~eD:~iPhenolic Urethane 8 lPUN8) Mold Making

Venlilation rate= 85,000 scfrn Temperaturl!1I ambient
Daily operating schedule: 16.0 hours /day and 7 days/week
Average voe/oc emiS$ion$ rste= 4.8 Ib-slhour
Max. hourly VOC/OC emissions rate= 4.8 Ibs/hour (control inlet epprox. , 0 ppmv)
Annual VOC/OCemisslons= 14.1 tons/year

,-
..

U

aCNOC compositlon ranges=Petroleum Distillates CAS# 68477-31-6/64742-95-6 (approx. 50% by weight)
-potential constituents (xylene, cumene and trimetl'lylbenzene);

Petroleum Distillates CAS# 647·742w94-5 (approx. 50% by weight)
wpotential constituents (napthalenB, trimethylbenzene, xylene)

Guaranteed Design control removal requirement 90% removal by weight (usIng USE:PA
reference test methods (40 C~R, Part 60)}

Control eQuloment tyoe '1:
CQoceQjIA tQr
Equipmentl Costs: adsorber/Oxidizer :

, Supporting Controls =
Fan =
ductworlc (SIft) = _

Total II:

Operating Info. hourly gas usage (tt3) =
electrical use (Kwh) =
annual adsorbent cost ($) =
annual maintenance (mao-hours):

I
,. ,

'?," I<'I

I I
~i

",,1
~w
,';:',.[

'. 'ji'"
U,

Control eq\r!Rment type #2;
Regenerative CatallJtic: gxjdjzer (wlmlo 98% heat reeQyeN)
EqUipment Costs: Oxidizer =

Supporting Controls =
Fan ::
ductwork ($/ft) ;: _

Total =

Operating info. hourly gas usage (ft3) =
electrical use (KWh) =
expected catalyst life =

=1J~/9r1~ 0
00

=~...c.

=~
::~.

'" 1fIj!4
Total ~/iji"'IDtn A2

Operating info. electrical use (KWh) IS 7'8
annual media costs ($) =.f/~ fOo ~

. annual maIntenance (man-hrs) = P.oo
estimated size (length'/. width):: I(}.D'~ 13/ I

. !&.D.trQI eQuioment #3
8jofiltratjon:
Equipment Costs: Biofilter/supports

Installation Costs (turnkey)
Supporting Controls
Fan
ductwork ($/ft)
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Pheoolic Urethane Np ;~:i~5!B) Mold Stgrage

Ventilation rate: 165,500 Befm TemperatJJre= ambient
Dally operating schedule: 24.0 hours Iday and 350 days/year
Average voe/oc emission. rate"" 6.0 Ibslhcur
Max. hourfy voe/oc emIssion' rsta:s 10.0 Ibs/hour (control inlet approx. 10 ppmv)
Annual VOC/OCemlssions; 25.1 tonllyear

OCNCC compo~ition ranges:sF'etToleum Distillates CAS# a8477·31-6/64742-95-6 (apprcx. 50% by weight)
-potential constituents (xylene, cumene and trimethylbenzene);

Petroleum Distillates CAS#. 641-742-*5 (approx. 50% by weight)
-potential constituents (nspthalene, trlmethylbenzene, xylene)

Guaranteed Oasign control removal requirement 90% removal by weight (ul5Jng USEPA
refGre"ce test methods (4Q CFR, Part 60»

Cooner 5LQulmnent b'J'B #1:
Cgnceoteatpr .
Equipment COflt3: adsorber/Oxidlzer J",)' "f OO, 0 0 1:1

SupportIng Controls :
Fan -.
due:twori< ($1ft) ::: _

Total·

Operating Info. hourly gaa usage (ft3) = ~I yoo, ~l) 0

electrfcal use (Kwh) = b C( 0

annual sdsorbel)t cost ($) =.fq, C""L::
annual mClin~l'\ance(man~hours):

Control iQulgm9nt type #2;
Bfgeneralive Catalytic o~djzcr lWlmlo. 98% heat recovery)
EquIpment Costs: OxIdizer =

Supporting Controls ::
Fan :
ductwork ($ttr) = _

Total =
Operating info. hQurly gas usage (ft3) =

electrical use (KWh) =
expe<:tQd catalyst life ::

Control equIpment #3
8Io11ltrat1on~

Equipment Costs: 8lofilt6rlsupports •
Installation Costs (turnkey) =
supporting Controls =
Fan =
ductwork (Sift) . :: _

Total =
Operating info. electrical Use (Kwh) .:.

:annual modia costs ($) ::
annual maintenance (man-hrs) ~

estimar!'d size (length x width) =



To:

[1 COMPANY:

DATE: AUGUST 5, 1997

PHONE:
Li

td;··· FROM:

" SUBJECT:
~' '~

~~.\{

BUDGET QUOTES

FAX: (614) 793-0151

NUMBER OF PAGES, INCLUDING THIS PAGE: 7

PROPOSAL No. 97-199

As per your request to :ched are the bid forms with pricing and utility information. You will
note that I have not been able to provide information on the regenerative catalytic or biofiltration systems.
Please call if you require additional information.

i .

L
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~~Qnarlo 1
ebenoJJc Urethane Cold Box (PUCB) CQro ProdUctlOD

Ventilation rate: 2000 sc!m Temporature- ambient
Dally operntlng schedule= 8 houl'3 IdBy end 7 daysJweek
Average Voe/De emlaslons (l;{ta~ 1.6 Ibll/hour ..
Mmc. hourly VOC/OC emissions rate= 1.6lbsJhour (inlet (0 controls approx.tO pprnV)
Annual VOe/DC emissions:: 2.3 ton~ear

OCNoe compositiOI'l ranges=PetTolQum DIstillate:! CAS1/. 68477-31-6JS4742~95-e (approx.43% by weight)
"Potential constituents (xylene, eumcne. trimethylbenzene and
mcs1tylcne):

Petroleum D15tf118~CA8# 847-742-Q4-5 (approx.~% by wel,mQ
..patenllel con~(jtuel1t.s (napthalene, trimethylbenzene, xylene,
biphenyl) .

Triethylamine or Dlmethylethylemlna (approx. 14 % by weight)
Guaranteed DOIl/gn control removal J'Qqulrement ;0% removal by weIght (using USEPA
rvt....nce test method.. (40 CFR, Part 60»

r-1
:J
1'.;-1
tel

Control eQulcmr:n1:t)'pe #1"

.,:;

Recuperatjye C.telytlc oxldlzf:[
EqUipment CQ9tS: Oxidizer •

Supporting Conuol, 0:

Fan =
duetwor1\ (S!Tt) =-tli'f-,----

Total = if1"'~D"tJ
Operating info. hourly gas: usage (10) ~ 330

eleclrlcal usoa (Kwh). 7.
~)Cpeeted r.atalyst /ifa". "5y~.

~Qntrol Equipment '3

Carbgn edGcrotiQo with a1f-slte dl'QQsal~ A It/'L1..
Equipment C015ts: c:arbon ad&orber ;: IV. rl

Supporting Controls =
Fan =
ductwork {$lit) = _

Total =
Operating info. hoUrly gas uspga (1t3) •

electrical U~ (Kwh) •
annual carbon usage (Ib~) -
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~ctnBriQ i

phenolic Ux:etbane_Q9Id Bgx (i:'UCB) Core. Storage

Ventlll,tlon ra~ ~7,OOO acfm Tempensture- ambient
Dally opereting schedule" 19.:5 hours !day and 7 dBy:l1week
Averege VOC/OC Cilml~3ion:5 tate- 1.4 Ibslhour,
Ma-.c. hourly VOC/OC emlssJoM rlltB= 2.4lbslhour (con1rollnle\ approx. 10 pplT'lV)
Annual VOC/Ocemls6IoM!':II 5.0 tonl;!year

OCNOC compOsItIon range&=Petmleum Dlstillales CAS#: S84n·31-6JS47:42·9frS (appftlX. SO% by weight)
-potenUal conatituentB (xylene. cumenel tr1met.hylber\%ene and
mesltylene):

Petroleum DI~lIJletesCA.S# 847-74'--94·5 (approx. 60% by weight)
-~oterrtlal com:tituent& (napthaJene, tJ1melhylbenzene, xylene,
biphenyO

Guoranteod Dttllgn control remO"lal requirement 90% removal by weight (uelng USEPA
raforonce test methods (40 CFR, Part 80»

Control equipment type ~1:

ConC60\riltor
Equlpmant CoGta: adsorber/O.l<ldlzer ;:

Supporting Controls =
FRn a

ductwork ($Irt) • ...",.,.,.....,...~",....,._

Toral =::n ~ () 5 ~ Of) 0

Operating Info. hourly gas 1l58ge (ft3) ... ~41()
electrlWlI use (KWh) • -4 3
annual adSOrbent cost ($) .,. 0
ennual maintenance (mon-hours)= 40

kontrO! equIpment type F2"
ReceneratlVo CemMe oxidizer (yJImjn, Sileo,.(, bea.\ recolI~
Equlpmt!ll1t Costs: OxIdizer I::

Supporting Controls =
Fan =
ductwcrk (~Itt) c _

Total :::

Op~raUl'lg info. hourly gQQ u&age (ft3) ==
electrloal use (KWh) •
expected c::atalyst life =

'.

i.

Ll

(0.'

~, ",

Control EgylDcn~nt1=2
£3iofiftraVgn'
Equipment Costs Blofllterlstructurc =

Inlrlallatlon Costs (tumkey) =
Supporting Contrcln
Fah =
duet-Nork ($Ill) c _

Tobl =
Opomtlng Info. electrlcal use (Kwh) a

annual media cost, (~) D

enDusl mglntenanca (man-hrs) ...
Cletimated &lza (IengUl )( width) =

N/A
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Ventilation rille- 30,500 sctm Temperature::: emblftnt
Dally operating scheduls= 19.5 hours 103'1 and 7 c1a~ek
Average VOC/OC emJ803lons r:at.e= '.7Ib&lho4r
M::l'l'. hourty VOCJOC emissIons rata- 1.7lb~Qur(c:ontrollnlet appft;l)(.10 ppmv)
Annual VOCIOCemissions= 2.5 ton~ear

OCNoe composltlon rangesl::Pelroleum DIs:tillEltes CAS# 68471-31-6/64742-95-6 (approx. eoro by weight)
-potential conlltituents (xylene, cumene Bnd Irlmethytbetl%cno)j

Petroleum DlstUlate!l CASH &47-742-94-5 (approx. 50% by weight)
-pQh:mtial aOrlstltuenb (napthalel'le, trlmerthylbe02ene. xylene)

Guaranteed Deaign control removal reqLlil'9ment 90% temoval by weight (uSing USEPA
reference test methods (40 CPR, POirt 60»

~oLe..qulpmenttype #1:
CQCJcentrnto[
EquIpment Couts: adsorberlOxidizer a

Supporting Controls =
Fan ~

duclwo/1( ($1ft) I:l-:JI~---
. Tot21l • i 785'. () () ()

~

OperatJnglnfo. hourly gas usage (rt3) c ~2.?-0
el9CtricOI\vse (KwtJ) c: .3 r,;
onnual ads:ctbent ce>st ($) .c 0
ennL/al malntenal'\Ce (man-hours): 40

Contrgl pgulgm.nt type #2:
ResleneratiYi CalaMie OX!dIZftT (wlmln 98% heat rat:0loQl)
Equipment Costs: OxIdizer =

Supporting Controls: =
Fen •
ductwork (Sltt) • _

Total •

Operatlng Info. hourly gas Usage (ft3) =
electrIcal use (Kwh) =

. expected catalyst life . =
Qonlco! Equ1cment Q

BlonnraUQn:
EqUipment Coa~: Ellofilterlsupports =

Im.tillation Cosb (tumkey) ..
Supporting Controls =
Fan. •
ductwon< (SITt) = _

Tot;al =
Opel1lting Info. electrical usa (Kwh) ...

annual media COlt. ($) a

annual mlllntcnonee (m,m-hrs) •
estimated size (length ~ wIdth) ..



Temperature- ambIent
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phenpllc Urothanc ~~e~~~-&'UriBJC9~Stenia

Vantilallon nlll!l- 36.000 cdm
Daily opersting Gchedule~ 19.5 hours/d'4y and 7 dayglweek
Average VOC/OC emIssIons rate'" 1.4 Ibs/I1our
Max. hourly voe/oc Glmisslons rate- 2.31b::llhour (CO!'ltroJ 10191 appro);. 10 ppmv)
AnnUlil VOC/OCemis.lons· 4.6 tons/year

OCNoe compo~IUonranges~PetroleumDlstiUaoos CASP SB"77-31·BJ6"'742-9~6 (approx. .50~ by weIght)
-polontial constltlJenls (xylene. Cllmene 2nd trImelhytbcnzene);

Petroleum Distiflatss CASii 647-742-9+5 (:ilppro)l. 60% by weIght)
-potential col1elituants (napthaJene, trirnethyfbanzene, xylene)

Guarantt-ed Deslgn control removal reQuirement 90% ~mov.d by welyt1t (usIng U8EPA
rererencQ te$t method. (40 C,.R. P.ut 60»

CQntrpl .gulprn,ot typo #1'
QoooenlralO [

Equipment! Com: sdsorberJOxidizer •
Supponlng Conlrol$ I::

Fan :=

ductwork ($/fi) =~~.:---,:;00---
lotsl· 'if I;(} -(/)J ()" (J

Operating info. houriy gas usage (ft3) • ~110
electrical use (Kwh) ="'1- 1>
(lnnu~llildsorbent cost (5) '"' q
annuliI melnhlOance (Imm~hours)= -4-0

r· .
~ .
L~..

Control eQuIpment tyPQ #2;
BC9sneraljve Catalytic oxldlze[ (wfrnln 96% beat Illcbye[y)
Equipment Cosls: OxIdIzer =

Supporting Controls =
Fan =
ductwork (Sin) a: _

Total ..

O~r.ltlllg Info. hOUrly gBs usage (ft3) ..
electrical Uge (Kwh) =
expectod catalyst life I::

$&ntro! EquIpment #3
Bloflltcalloo:
EquIpment Costs Slcrlilter/supports l::

In,tallaUcn Cost.!l (tumkey) =
Supporting Control& =
Fan c
dLlctwor1< (SIt't) .. _

Tot2t ..
Operating lnto. electncal use (KWh) ao

annual media costs (S) =
onnual mulntenanca (man-hre) a

• Gstlmated slza (length x width) =



.;

phenolic UrethanD ~~=t'~UNB)Mold MakIng

VentilatJon rote- e~,ooo $cfm Tempgrah.Jre- ambIent
Dally operating schedula= 16.0 hours Id3Y and 7dayslwcel<
Average VOCIOC emlGslon~rate: 4.8 Ibslhol)r
Mr;o:. hourly voe/oc emissions rate- 4.8lbslhour (control Inlet QPProx. 10 ppmv)
Annual VOC/OCernlsslons::> 14.1 tensJ)'8:zr

OCNoe composItIon mnges=Petrolaum Dl:JliUCltes: CAS# 68477-31-6184742-95-5 (appcox. 50% by weIght)
-potentJol constituents {xy\ene, CllrT\ene and trime!hylbenzene)j

Perroleum OistJllahtll CA5# 847-142-94-.5 (epprox. 50% by weIght)
-potential conlililuents (naplhalane, trltneth:;tbenzane, )cy!ene)

GlJarantoed Design control removal reqUlremont 90Gh removal by wofght (uBlng USEPA
referenco t"Qst mathodto (<W CFR, Part liD)}

.,
~.'~

'.~, 1
.;

:- i"
~.:...

...
-~ :

·,-·1

?{
", ~ ,
.~.

Control eaylpm~mt type #1:
CooC'eolra to!
EQuipmenU CO:lb: adsorberlO:ddlzer ..

Supportfng Controls =
ran =
ductwor/( (~) =--t1----:,---

Tot:oll;:: it J) 4-00) J)tJ!)

Operating Imo. hourly gas U:logo (ft3) ;:: 3)4-0 p
electrical u~e (Kwh) .. '1 (,..
Qnnl,Jal 51d&orbent cost ($) = 0

annual malntenanoe (man-hours)- 40
CQorrollgulflmtmt tyM #2:

Btgenem1iYe Calpl~c Qxldlzer (w/min, eB% but reCOvery)

EquIpment Co&t$: Oxidizer =
Supporting Control$ •
F~n ;::
ductwork {Sift} c _

Tola! C

Operating Info. hourty cas usage (1t3) ..
e\eclrlcal usa (Kwh) '"
E1xpeC1e:d catalyst life c

~lon1ent#3
Bjoijltratlpo'
Equipment COBt~:SionlterlsuPPons 1:1

lru:t:alJaUon C09ts (tumlcsy) a-
Supporting Controls =
Fan ;::
ductwork (SIft) ... _

Toto! c

opercting ln1o. electri~l use (Kwh) ;::
annual media eosb (5) ;::

f1nnua\ malntenclOC8 (man-hB) ;::
clltimated :Ilze (Iangth.x width);::

~/A



Venlil:;lion rate: 165,500 acfm .Tempelllture" ambient
DOliI)' operating schedule::> 24.0 houf$lday ahd 350 dayslyear
Average VQC/DC emi~ione retell: 6.0 Ib~our .
Max. hourly VOC/OC emi£slons rete.. 10.0 Ibslhout (control Inlet !Ipprox. 10 ppmv)
Annual vOCJOCernlsslons:= 2(5.1 tOhs/yeaf

OCNOe c::ompoll!1Jon IdngEl!l=-PetToleum DIstillates CAS;; 68~77-31-B164742-95-B (approx. 50% by weIght)
-potential consl!tuenc (xylene. cumElna and trlmethylbenzene);

Petroleum DJ:slillata. CAS'll B47-742-94·~ (llPProX. ~% by welgrJt)
-poten1Jal torllstituenls (napfhalene, trImethylbenzene. xylene)

Guaranteed D"ign control romoval requlroment 90% rtlmoval by weIght (usIng USEPA
refer.nco l;lJOt mothod.s (40 CFR. Part ~O»

Control eQuIpment typo 11­
QoocentratQ( .
Equipment Co*: adGorber/O~icllz.er •

Supporting Control& s::

Fan =.
ductwork ($/tt) =

Total =-HIt-2.-2,-()-P-O,f) 0
'I )

Op.rsUnc Il'1fo. hour1y gas Usage (ft3) a:: ~I './0 0
elecl.rlcal uu (Kwh) = I 84-
aNnual iIld~orbsnt CO lit ($) ::r 0
annual maintenance (man-houfs)- -40

ContrQI eauicment h!pe #2.;,
RegenerntNe Cotolytlc mddlzec (wJrnlo BBo,!, beat recoveN) .
Equipment Coet:s: O)1dlZer =

Supporting Controls =
Fan •
ductwor1< (SIll) :::: _

TotOlI =

Operating Info. hourly galS U5age (ft3) ;:J

electrical Use (Kwh) :=

expected ~taryst life ~

Monfrol EgulprncIDI1t3
Bloflltratioo:
EquIpment Coet5: Blofllter/aupports =

lm;tallaUon Cosle; (tum~ey) =
Supporting Control:s ill

~n =
duc\Work (SIn) • • _

TOUlI .'
Oper9l1ng Info. eleetr1cal u~e (Kwh) c

Qnnu:al mediI!! costs (S) c

annual maintenance (man-hrs) ::
e3limated size (Je"ngth x width) =



Date:

To:

F..-om:

Pages:

Subject:

February 20, 1998

RMT, Tnc.
Mr. David New,:ad
Phone: 614-793-0026
Fax: 614-793-0151

4

Budget Quutes-CSM Proposal No. 97-199A

f ',

..
i .. '

The attached quotation sheets arc provided in response to your request ofFebruary 16,
1998. Please contact me ifyou require additional infonnation.
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ScenarIQ 1\
PhenoUc Urethane Cold Box (ppCm Core Storage

ventUatian nte-58,DOO sdrn 'femperatuIe-amb:1e:c\t
Daily operating 5chedule-2<l.O hou:rs/day and 365 daYi/Yeaz
Max. hourly VOC/OC tmU.s~rate-3.4 Ibs/hour (control inlet approx. 5.0 ppmv)
Annual YOC/OC eo:ti.slif.ons-9:!1oN/year

ti/;
OC/VOC composition rlUlgQfi-Petroleum 'D'..stiDAto CA.&f68.V1-31-6/64742-95-6 (approx. 80" by w.fgh~

-paten1ial c:onstitUoents (xylene,. cumene,. trirr.BthyIberu:ene and Il1e5lfrlene);
l'etro1.c:uIn DistiJ.lUes CASf647-742-94-S (apptex. 50~ by weight)
.pob!ntiDl const1twlntls (niphalt:ne, tri:n1eth,~.xylene, biphenyl) ...

Guaranteed n •• lg-n. c:onb'oll'Cmoval reqWre1::ne.nt 900/0 lUl'1O"Val by weight (aslng 'USEPA
reference teat method. (40 CFR,. Piut 60»
Canb:oI Eguipment Type 411:

Concentrdor
Equipment Costs: Adsorber/Oxid.ize:r ­

Supporting Controls •
Pan -

Ductwork($l ft) •

Total -

Operating Info. Hourly Gu Usage (ft3) a:
electrlca1 U5 (Kwh) "'C

a:muaI adsorbent: coat ($) ­
mmual tn.tlinte:nanee (man-hours) -

CQnttQJ EgulpIX1er1t Type t2;
Rmnerll.tiye Thertt1J1 Oxidize( brlmIn. 98% heat r;s;gyay)
Equipment Coltl: OxI.dJr.et -

Supporting Controls - ;J~
Dudworlc (:Zffi : I'

TotlIl •

Operating Info. Hotuly Gas Usage (Et3) ­
el..ect:rlca1 us (Kwh) ­

G~bad cal:a1ytt llf~ ..
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Scenario 5
Phenoll~ Urethane No Bm
lP~)~oldlIodttction

Ventilationrate-127,.500 sefm ... '3~ Temperature-AmbiBnt
Dally operating Iche.dule-16.0 hoW'S1day and.a5O'days/yeu
M~x. hourly vee/DC emi5Sions rate-7.3lb.jhour (control1nlet appl0x. 5.0 ppmv)
Annual VOC/ex: e:ml.soions""'20:3 tonalyear

ZI.l-

OC/VOC composition l'~-PetroleumDistil.lab:s CASf684i'7-31-6/64742-9S--6 (approx. sa" loy w~ght)
-potent:iAt amst:i.tum\13 (xylem, cumeM and t:rinu:thyiben..z:ene);
1'etroJeum Di.ltmablll CAS#l647.74~(approlC. 50%, by ......clght)
.potmti.ll.l can.sl:itw:nba (~ph&1ooe, t:rimethyJbm~ and xylene)

Guaranteed De,lgn control n:mov,u reqtU~mc:nt9QDh removal by 'Wl:ight (uaing USEPA
rduence tett melhod.s (40 CFR., Parl60»

Cgntrol EquipmentTyp~ '1:
ConcrnJntpt
EC{LdpmtlOt Calm: Adsorber/Oxidixer "'"

Supporting Controls ­
Fan ­

'.'.- Ductwarlo: (SIft) II;:;

Total •

Operating Info.. Hourly Gas Usage (ft3) l»

eIect:rlcal us (Kwh) ..
annual J!~be:ntcost ($) ­

nnnual n'UlinbmanCe (man-hours) -

I~ S'3~ ~D
I II J
IS"~o
¥

Control EgulPment Type #/il;
RemEr-live I1u:rmal Oxlcllur (wlmin. 96r. hut recovwl
B'lufpnwrt Comr. Oxidizet -

Supporting ControIa - ~ /

Ductwork {:if;l : I"A-
-....;;-=~~~.;;.;;.c..--------1; ...

Total ""

OperatiAg Info. Hourly Ge.sU~ (ffi) ...
electrical U! (Kwh)- •

expected catDlyst life ""

: I
I 1(

L.l . Equi~tSuppllt!l'Name C, 5/1£AJV/~}1£N[A.L ~i.s1iH.s

i'51!
d\

r -:"
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Ventilaticn rate-234,5QO sclm Temperature-ambient
Dally operating schedu1e-24.0 houn/day and 350 days/year
Max. hourly VOC/OC e::rnilSS:ions fafe.13.81bil/hour (control Wet apptox. 5.0 ppmv)
Annual VOC/OC emlBilora=3&6 toN/year

~.3

OC/VOC composition ranges-Petro~OlJ IiIlafe9 CAS#68471~1-fJ/64742-9>-6 (appf'O)(. !O" by wd8ht)
-potential constitugnts (xyJ.N, r:u.mc:ne II:Od ttimethyIbetlur.e);
PetrolwlnDbtiUa~CASl647-74,2..94--S Ca.pprex. 50% by weight)
-potenti&l eon.tituents (naphA1ene; t:rimethyl~ and 'Jt:Y~)

#21 ~O~ ~()O

203'1
,;;;.83
o
40

Total -

Operating Wo. Hourly Gas Usage (tt:3) ­
e1ectric:al us (Kwh) ­

annual 8cUotbem cost (5) ­
annUAl ma1n1:enance (man-houts) a

GU&tan~ed Dedgn control rem.oval requirement 9()Dh removal by wclaht (using USEPA·
retCTCI1Cc teat methodil ('0 CFR" Part aO)

Control Egulmnent Type !1:
Cons:enh'.atar
Equipment Co.5b5: AdBorber/~dizer ­

Supportir.g Controls -
Fan -

Ductwmk ($/it) -

''-,1
S..',·:

Control EquipmentIne t2;
Rsgmeratin l'hmna] OXldJm CW/mln. 98·.... heat rcggYttY)
Equipment Costs: Oxidizer - I J

SupportingCon~: : AI/IT
Ductwork (SIft) ..

TotBl ...

Operating Wo. HoUl'ly GaB Usage (ft3) ..
8leet:ricaI~ (Kwh) ..

expected catalyst ute tal

Equipment Supplier Nnme (J5HEN V)kJJt1~J-rA1- ~ 'IS-rC11~
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FACSIMILE MESSAGE

TO: FROM:

DATE: August 11, 1997 TIME: 4 :30 pm

FAX #: (614) 793-0151 PAGE: 1 of 3

SUBJECT: ACTIVATED CARBON UNIT

UNIT TYPE: VF-2000 Each unit handles 1,000 cfm
2,000 lb. reactivated carbon included

PRICING: $4',000. DO/unit

AVAILABILITY:

FOB POINT:

VALIDITY:

TERMS:

4 weeks after receipt of order

Columbus, Ohio

This quote is valid for 60 days

Net 30 days to approved accounts

f
"··i.
,""i ~
. I

L:;:

lncluded with this fax is a drawing for the unit quoted along with
a product information sheet for the type of carbon normally
included with this unit.

I will be out of the office for the rest of the week, but Bruce
Wells will available 'to assist you in my absence.

Thanks for your interest.
,:" '

Ii'
l . Sincerely,
t .... ~, :

r:'
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~

Addre3~

Subject:

Attn:

fAX;

Dati::

0/1-712- Oft> t

ON--SrTE G!'C EXCH~E SERVJCES

f1rD On·she Carilnn ~c~~ c:an be trtili~ for uy sroaJjQr ru:.. < 10,000 lb:s.J c:arhon ay;um. provided there is a means ($uch

a top m.anway) 'to f'C:JJ)O)'C tIla $pCrrt C3rban aod~c it with fre.sh arbon.
Typic:aIlY. spent carb!ln b va.cuumed out the t.o.p m<l'J1Wily of11te vcs::s&l dJrcctly IntD meu/551?IIDD drams. (UJ1im;atefy, it is
returned to Calgon CatbDn in th~ metal drums or sup.en:aek.s or tDtz: bin1.)

Recharging the ve~sl'lls is; ga::omprJ3hed v~ sup~c:ks~ enme rrt'I tfu, t3rbcm senfice tnIc.l(. or 'IJa ~h:Ig t1ru:ms Dr
. .$mallcr hags.

On·site carbon axcbange is u:mafty t1)cm:finated tram one at tha do.u:st 2Mce c:errtef"s:. Socos rrf the~t2~ bve

seven (7) day panniU for the storage 01 ~zard.oos 1Tla'UriJtbr... PriOf"tD the retUrn of;my sp.errt arlK:uJ (and prefera.Dly before
conducting the;in1 Sl!rvi:a::s), CarbonA~ Testing man~~ and BPPtD'lflH1. A C;arbna Aca:ptaJ)C! kit is u.rrt

U. for this p-urpcu. Tho charge for lhi~ Carbon ACCZ1'lbttz: Tenlng is;: ~4OO.DO for JkstHiU3rdoas {N=-RcaA} DR .1,00D.00
jf HGRA H;:rzardous (RCflA).
The following in10rmatian is teqt]mm to estimaa thb c:o~ fer~og01!l;":r~ RI

~ 1. SITE LOCATIO'"
iii, 2. TYPE DF CARBON REntflRED C Liquirl jlVltPor-

3. NUMBER OF VESSELS _ ..../L.- _
POUNDS Of CARBON PER VESSEL _.2-'J"OO~O.L_LI.r..b)O_ _...:. _

LOCATION OF VESSElS c tDside "l(iJut:slrl!l
VESSEl ACCESSIBLE )scfes. c ~ (Pruvjt§e sketd1 rJ1y~ Isyout.)

! 4. SPENTCAJlBONTOl3E ,>(N~ cRCRA~

",i! Plt:a::sr; provide the aboVtI infonn;tti'oa 'to your C31gDn~ Rep("e.$enUtive to ohDin _ quotatioJJ fcl.f ~'ri&Utg On-Sin:

Carbon E.xch.ahge S~ices$3· ~// 1 .2, IVQ /~S .
':\i QUOTE: Prio:: /0 ,{lc;.. 617 :L"DocS!81:lnclucleARyAppli~S4I2.$Tax •
. , INCLUDES; )I The pries far S.rviCllil Ollry.

K The price of Fresh Carbon i1nd tb:l frOght~. j. / ,./

~ 11le pries at the CGnulAara usad 1.0 hetom the SpCnt Carbon. /0 /ll fld c.//"PAtSis The ~rbCJn Acx:ep'ta1na: F~ 017(' 1/h1 ( ,cc-e - d.yeo .I00 /./PA/-/t"",//f
J( The pr;r:c 01 tt'~ FTRight Ch~ to $hip the S~ Carbao tIS cmc af th..e R.caah'~ag Ca:nn:rs

- )1 N~·Ha22n:1.luu 0 RcRA~U$

(J'O/t~ 0 Fork 11ft 0 Inclu.ded ifI~ p.rir:u. ~PTov~ byC~
TERMS ME 11ET 30 DAYS.
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Appendix E-3

Enclosure, Ductwork and Make-Up
Air Cost Estimates
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To: eHT (~) <i?RD-~/5 M7?JJ(;>
f': A:tt!:1.. ~60 T/?A'HH 8.56)0 ~FJ..1~
L~ P"r{Jject: cC2f-//& (DEPT Evv. ~

~ ~te:P.A STING S MODEL NO. S l3D -;)./8 . CFM &!. '100 . TIP .c: 35.
r1.~.,\ '.. lE!v~P RI~.E ~ MBH 5?983 . DIRECT FIRED GAS F

tJ OPT~N:OOF CURDs--(EMOTE PANEL ~NTROL TRANSFORMER
:] SERVICE PLATFORM NAT. GAS @ /--:::f . POUNDS INCHES
01XTENDED GREASE lINES 0 80/20 MIX' RETURN AIRIO.A. WlROOM SENSOR
o YARIADLE VOLUME HITH~/ 0 MOD.DISCHARGE DAMPERDFREQ. DRIVE
gINSULATED BLOWER IB" BURNER (B--11LTER SECTION
o pORIZOHTAl UNIT [B'17ERTlCAl UNIT ON STAND ./
gWEATHERPROOF 0 IN}AKE HOOD & SCREEN r:¥VUR'2 SCREEN
:('V" BANK FILTEP. SECTIOH 0 2"T~ 0 PERMANENT 0 EXTENDED SURFACE
:J MOTORIZED INLET DAMPER (B1)ISCHARGE DAMPER 0 DOWN DISCHARGE
o DISCHARGE LOUVERS: 0 HORIZONTAL 0 DOUBLE DEFLECTION
ffiiIBRATION ISOLATERS 0 INTERNAL FAN ISOLATI~ LriRE-PURGE '.
or'AJ,TX. STARTER CONTACT 0 CIRCUIT ANALYZERB"foW OUTLET TEMP. CUT·OFF
8't'LOGGED FILTER LIGHT 0 ULTRA·VIOLET FLAME SENSOR 0 DAY-lUTE .
:J ~TOR HP. ~ VOLTAGE !/J?--i-kJ OODP EFe 0 HI·EFF.
3"VARIABlE PITCH SHEAVE (P.l15ISCONNECT SWITCH HI GAS REGULATOR
:J VANDARD COtlTROLS 0 IR1 APPROVAL FM APPROVAL
0"MAXITROL 14 ELECTRONICDISCHARGE CONTROLW/REMOTE SET POINT
o MAXITIWL SERIES 44 WITH ABOVE AND ROOM SENSOR. 0 WIS. CODE

J'lDDITIONAL OPTIONS: 413

~ ./4p,J(:J,GA.-/ &d
. ~ ,.J

NET PRICE FREIGHT INCLUDED···_········-~·_·· ;2/), 0~~,
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FACTORY START UP ADD__



LEE BALL. INC.
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FJ ~~J: /-./h£17,(JG~ )...}IJ· ;;;8/)-d-15 C~J..1 8,(X)~ 8,/7. ~ 06
l~ ';2.::) 1i:ASTIN6'S MODEL NO. ...:5BlJ- /1 .CFM 5;2,5'0. TSP & at{ .
n J TEMP RI~.E 0 2 MBH ~i I • DIRECTFIRED GAS
\, OPTIONS.. .. 9
[j 0 ROOF CURB Qr1iEMOTE PANEL ~ONTROL TRANSFORMER

o SERVICE PLATFORM NAT. GAS @I 1-7' POUNDS INCHES
:J EXTENDED GREASE LINES 0 80/20 MIX RETURN AIR/O.A. W/ROOM SENSOR
[] ~P.!ABLE VOLUME WITH: J:J MOD.DISCHARGE DAMPEROFREQ. DRIVE
m1NSULATED BLOWER r::r'BURNER r31ILTER SECTION
o IjDRIZONTAL UNIT ~TICAL UNIT ON STAND /"
ff~AIHERPROOF 0 INI)rKE HO OD & SCREEN (Y'"VUR-2 SCREEN
Et'V" BANK FILTER SECTION B2"T!\.- 0 PERMANENT 0 EXTENDED SURFACE
o MOTORIZED INLET DAMPER ffi1)ISCHARGE DAMPER 0 DOWN DISCHARGE
o :Q.U'CHARGE LOUVERS: 0 HORIZONTAL 0 DOUBLE DEDJCTION
r:r'y.rBRATION ISOLATERS 0 INTERNAL FAN ISOLATION· [H"PRE·PURGE '
0"'AyK STARTER CONTACT 0 CIRCUIT ANALYZERrBrO'W OUTLET TEMP. CUT'OFF
wCLOGGED FILTER LIGHT 0 ULTRA-VIOLET FLAME SENSOR 0 DAY-NlTE
o MOTOR HP. ~ VOLTAGE ~P--i-te> 0 ODP ~C '0 HI-IFF.
o VARIABLE PIr'CHiHEAvE rB"DIS ONNE CT SWITCH g.1{r GAS RE GULATOR
o STANDARD COUTROLS 0 IRI APPROVAL UYiM APPROVAL
§'MAXITROL 14 ELECTRONICDISCHARGE CONTROL 1fT/REMOTE SET POINT

, 0 MAXITROL SIRlES 44 WITH ABOVE AND ROOM SENSOR. 0 WIS. CODE
ADDITIONAL OPTIONS:
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) Date:L:

To:
f-· Ann.:
LJ Project:

f1 Qp~~:j~A-.s J: 6; }J/J. 5"BLJ -~?~ CHI· .7cl5~ z;,'.
~1 W?,~AsTntG"~ODEL NO. ? - ~~"7. CFM . TSP Ii 3e7.

[ .......) TEMP RISE qo MEH t7;;J.tP . DIRECT FIRED GAS
f1 OPTIONS:: .. &:'~C/
t-l 0 ROOF CURB 0 REMOTE PANEL 0 CONTROL TRANSFORMER

o SERVICE PLATFORM NAT. GAS @ POUNDS INCHES
o EXTENDED GREASE LINES 0 80/20 MIX RETURN AIRIO.A. WJROOM SENSOR
o VARIABLE VOLUME WITH: 0 MOD.DISCHARGE DAMPEROFREQ. DRIVE
o INSULATED BLOWER 0 BURNER 0 FILtER SECTION
o HORIZONTAL UNIT 0 VERTICAL UNIT ON STAND
o WEATHERPROOF 0 INTAKE HOOD & SCREEN 0 VUR-2 SCREEN
o "V" BANK FILTER SECTION 02"TA 0 PERMANENT 0 EXTENDED SURFACE
o MOTORIZED INLET DAMPER 0 DISCHARGE DAMPER 0 DOWN DISCHARGE
o DISCHARGE LOUVERS: 0 HORIZONTAL 0 DOUBLE DEFLECTION

:'o VIBRATIOH ISOLATERS 0 INTERNAL FAN ISOLATION LJ PRE·PURGE
o .AUX. STARTER CONTACT 0 CIRCUIT ANALYZEROLOW OUTLET TEMP. CUT-OFF
o eLO GGED FILTER LIGHT 0 ULTRA-VIOLET FLAME SENS OR 0 DAY·NIlE
o MOTOR HP. VOLTAGE 0 ODP 0 TEFC 0 H I·EFF.
o VARIABLE PITCH SHEAVE 0 DISCONNECT SWITCH 0 HI GAS REGULATOR
o STANDARD CONTROLS 0 IRI APPROVAL [j FM APPROVAL
o MAXITROL 14 ELECTRONICDISCHARGE CONTROL W/REMOTE SET POINT
o MAXITROL SERIES 44 WITH ABOVE AND ROOM SENSOR. 0 WIS. CODE·

ADDITIONAL OPTIONS:
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DATE:

CONTRACTOR:

o

.0

......
QUOTE

BURNER

:.:J

. i
l~'

". i

ATTENTION: 0

PPQ.IECf· 0

MODEL 5BD-227 HASTINGS DIRECT RRED

32750 CFM:TA SO 3.498 MBH

MOTOR 25 460~roO

DISCONNECT SWITCH

VUR-2 VERTICAL UNIT

ROOF CURB

EXTENDED GREASE LINES

INSULATED BLOWER

WEATHERPROOF

INTAKE SCREEN

V" FILTER SECTION

2" THROWAWAY FILTERS

MOTORIZED INLET DAMPER INDOOR

MOTORIZED DISCHARGE DAMPER OUTDOOR

DUCT ADAPTOR HR-2

DISCHARGE LOWER HORIZONTAL

FLOOR ISOLATERS RUBBER

RETURN AIR SECTION

AUXCONT.PRE-PURGE & LOW OUTLET

BLOCKED INTAKE FILTER UGHT/SWITCH

MS·44 MAXITROL

T244

HIGH GAS PRESSURE REGULATOR

IRI APPROVAL 10 PSIG & UNDER

FM APPROVAL WITH ALTER OR INLET DAMPER

INTERNAL ISO. SPRING·

MS·14 MAXlTROL W/REMOTE SET POINT

REMOTE CONTROL FPANEL INCLUDED

E'ATENDED LEGS TO 40"

MSC.

WEIGHT

II

3685

230

25

400

o

30

130

30

610

35

o
190

o
o

24

o
40

15

10

o
120

o
o

LIST

S
24837 ".05

2340

399

4626

0

234

1080

1491

469

2718

441

0

1649

0

0

947

.0

756

231

278

178

334

0

2480

0

0

800

n FAT.ATE. 0 WEIGHT '5574 tI
l"·',t
k'·).

FRT.CST. 0 .1.-. 546.288

M~LTIPUE 0.4 NET DELIVERED $18.515



DATE:

CONTRACTOR:

WEIGHT 8144

LIST WI1.0S ESC.

BURNER

AITENTION:

PROJECT'

MODEL SBO-233 HASTINGS DIRECT ARED

72.500 CFM;TR 90 7.794 MBH

MOTOR 60 46013/60

DISCONNECT SWITCH

VERTICAL UNIT

ROOF CURB

EXTENDED GREASE LINES

INSULATED BLOWER

WEATHERPROOF

INTAKE SCREEN

V' FILTER SECTION

2" THROWAWAY FILTERS

MOTORIZED INLET DAMPER INDOOR

MOTORIZED DISCHARGE DAMPER OUTDOOR

DUCT ADAPTOR HR·2

DISCHARGE LOUVER HORIZONTAL

VIB ISOLATERS-SUSPENDED-RIINDOOR RUBBER

80/20 RNOA MIXING DAMPERS/AM SP SW

AUX.CONT.PRE-PURGE & LOW OUTLET

BLOCKED INTAKE FILTER LIGHT/SWITCH

MS-44 MAXITROL

INTERNAL SPRING ISOLATiON

HIGH GAS PRESSURE REGULATOR

IRJ APPROVAL 10 PS1G & UNDER

FM APPROVAL WITH FILTER OR INLET DAMPER

HIGHER LEGS

MS-'4 MAXITROL WIREMOTE SET POINT STANDARD

REMOTE CONTROL FPANEL INCLUDED

ETL 1 SPEED

UL LABELED AEMOTEIMAIN

FRT. RTE 0

FRT.COST SO

WEIGHT

II

5380

720

25

500

o
10

40

150

50

760

60

o
235

o
o

24

o
40

o

o
10

o
140

MuLTIPLlE 0.4 NET DELIVERED



DATE: 8/6/97

o

1226

o
o

516

197

700

231

278

o

n
533

o

o
117

UST

$

10767

1029

251

1281

600

258

164

830

164

1014

47

5

40

o

o

QU IE

WEIGHT

IJ

700

70

20

200

35

15

5

100

5

laO

10

0

40

30

0

16

0

40

0

COIL

TSP 1.35 634 MBH

48013160

o
o
o

90

ELECTRONIC MODUL. RMT ST PI

CFM;TR

CONTRACTOR:

ATTENTION;

FROJECI'

MODEL SBO-115 HASTINGS

5.250

MOTOR 5HP

DISCONNECT SWITCH

VERTICAL UNIT

STAND EXTENSION

INSULATED BURNER

INSULATED BLOWER SECTION

WEATHERPROOF

:NTAKE SCREEN

V" FILTER SECTION

2"TA

FLAT BANK ON RETURN

MOTORIZED DISCHARGE DAMPER OUTDOOR

DUCT ADAPTOR HR·2

DISCHARGE LOUVER HORIZONTAL

VIB.ISOLATERS-SUSPENDED·RIINDOOR RUBBER

PRE PURGE

AUX.CONT.PRE·PUAGE &LOW OUTLET

BLOCKED INTAKE FILTER LIGHT/SWITCH

MS.44 MAXJTROL WITH ROOM OVERRIDE'

SUMMERl\NINTER SWITCH STANDARD

HI GAS PRESSURE

tRI AP?ROVAL 10 PSIG & UNDER

REMOTE PANEL STANDARD

fMAP?ROVAL

MS14 STANDARD

"

::-....

r,'J
E~·

'::'\'Ii>,

i

-.1

r', '

FRT.RTE o FRT.CST SO.OO WEIGHT 1431 20280

MULT.· 0.4
.
NET DELIVERED $81J2



r '

DATE:

FAX 4145335390

o

LEE BALL. INC'-

o
o

[;'fw··

r~f .
t~ ;j

f··.·

CON,AACTOR;

ATTENTION:

PR')JC'CI:

MODEL SB0-215 HASTINGS DIRECT FIRED

8.000 CFM:TR SO'TR 1.25 TSP 845 MBH

MOTOR 5.0 HP 208/3/60

DISCONNECT SWITCH

VERTICAL UNIT

ROOF CURB

EXTENDED GR~SE UNES

INSULATED BLOWER SECTION

WEATHERPROOF

IN'TAKE SCREEN

V' !=ILTER SECTION

2" THROWAWAY FILTERS

MOTORIZED INLET DAMPER INDOOR

MOTORIZED DISCHARGE DAMPER OUTOOOR

DUCT ADAPTOR HR-2

DISCHARGE LOUVER HORIZONTAL

VIS.ISOLATERS·SUSPENDED-RIINDOOR RUBBER

WlS. CODE

INTERNAL SPRING ISOLATION

BLOCKED INTAKE FILTER UGHT/SwrrCH

M5-44 MAXlTROL WITH ROOM OVERRIDE

T244

HIGH GAS PRESSURE REGULATOR 1/101#

IR: APPROVAL 10 PSIG 8. UNDER

FM APPROVAL WITH RLTER OR INLET DAMPER

MS·'4 MAXITROL W/REMOTE SET POINT STANDARD

50" LEGS

WEIGHT,
1230

70

20

250

o

20

100

15

115

15

o
100

o
o

12

o
o

10

70

o

QUOTE

LIST

$

12873

1167

251

1958

o
234

976

861

308

1424

148

a
1313

o
O'

239

761

o
231

278

178

218

1731

o

650

FRT,RTE

COST

o WEIGHT 2027 25799

i
i
l

w,J:..T. 0.4 NET DELI\/ERED $10.320




