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TECHNIKON# RE100102DL
26 April 2001

|Executive Summary |

This report contains the results of emission testing to evaluate the pouring, cooling, and shakeout
emissions from Test DL a Phenolic Urethane No-Bake binder system. These data are compared
to results from Test DG a reference or baseline Phenolic Urethane No-Bake binder system. All
testing was conducted by Technikon, LLC in its Pre-production foundry.

The Pre-Production Foundry is a ssmple genera purpose manual foundry that was adapted and
instrumented to make detailed organic emission measurements, using methods based on EPA
protocols for pouring, casting cooling, and shakeout processes on discrete molds. The
measurements are conducted under tightly controlled conditions not feasible in a commercial
foundry. Evaluating a new product or process in the Technikon Pre-Production Foundry reduces
the risk of new material or product introduction for the foundry industry.

The specific objective of Test DG was to establish air emission data against which the air
emissions from new materials, equipment and processes, designed to reduce organic Hazardous
Air Pollutants (HAPs) and Volatile Organic Compounds (VOCs), could be compared. This
report documents the following test series. A comparison of Test DL to Test DG.

The testing performed involved the collection of continuous air samples over a seventy-five
minute period, including the mold pouring, cooling, shakeout, and post shakeout periods.
Process and stack parameters were measured and include: the weights of the casting, mold,
binder; Loss on Ignition (LOI) values for the mold prior to the test; metallurgical data; and stack
temperature, pressure, volumetric flow rate and moisture content. The process parameters were
maintained within prescribed ranges in order to ensure the reproducibility of the tests. Samples
were collected and analyzed for over seventy (70) target compounds using procedures based on
US EPA Method 18. Continuous monitoring of the Total Gaseous Organic Material (TGOM),
formerly Total Hydrocarbon Content (THC), of the emissions was conducted according to US
EPA Method 25A. Finally, the “condensable” organic material in the emissions was determined
using a Technikon developed procedure. The “condensables’ represent the “back half” catch
from US EPA Method 5.

The mass emission rate of each parameter or target compound was calculated, in pounds per ton
of metal, using the Method 25A data or the laboratory analytical results, the measured source
data, and the weight of each casting. Results for structura isomers have been grouped and
reported as a single entity. For example, ortho, meta, and para xylene are the three (3) structural
isomers of dimethylbenzene and are reported as o,m,p-xylene though separate results are
available in Appendix B of this report. Several “emissions indicators,” in addition to the TGOM
(THC) as Propane, were also calculated. The HC as Hexane results represent the sum of all
organic compounds detected and expressed as hexane. All of the following sums are sub- groups
of this measure. The “Sum of VOCs’ is based on the sum of the individua target \olatile
Organic Compounds (VOCs) measured and includes the Hazardous Air Pollutants (HAPs) and
Polycyclic Organic Material (POMs) listed in the Clean Air Act Amendments of 1990. The
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“Sum of HAPS’ is the sum of the individual target HAPs measured and includes the POMs.
Finaly, the “Sum of POMS’ isthe sum of al of the polycyclic organic material measured.

Results for the emission indicators for Test DG and DL are shown in the following table. All

results are measured as pounds emitted per ton of metal.

Emissions Indicators Test DG Test DL % Changefrom DG
TGOM (THC) as 12.2 5.55 -54%
Propane
HC asHexane 111 3.63 -67%

Sum of VOCs 4.06 1.64 -60%
Sum of HAPs 2.00 1.45 -28%
Sum of POMs 0.104 0.092 -12%

The results from these tests show that there is areduction in emissionsin Test DL compared to

the reference Test DG. Both tests used the same binder levels of 1.1%.

It must be noted that the reference and product testing performed is not suitable for use as
emission factors or for purposes other than evaluating the relative emission reductions associated
with the use of aternative materials, equipment, or processes. The emissions measurements are
unigue to the specific castings produced, materials used, and testing methodology associated
with these tests, and should not be used as the basis for estimating emissions from actual
commercia foundry applications.
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110 Introduction

1.1 Background

Technikon LLC is a privately held contract research organization located in McCldlan,
California, a suburb of Sacramento. Technikon offers emissions research services to industrial
and government clients specializing in the metal casting and mobile emissions areas. Technikon
operates the Casting Emission Reduction Program (CERP). CERP is a cooperative initiative
between the Department of Defense (US Army) and the United States Council for Automotive
Research (USCAR). Its purpose is to evaluate alternative casting materials and processes that
are designed to reduce air emissions and/or produce more efficient casting processes. Other
technical partners directly supporting the project include: the American Foundry Society (AFS);
the Casting Industry Suppliers Association (CISA); the US Environmental Protection Agency
(USEPA); and the California Air Resources Board (CARB).

1.2 CERP Objectives

The primary objective of CERP is to evaluate materials, equipment, and processes used in the
production of metal castings. Technikon’s facility was designed to evauate alternate materials
and production processes designed to achieve significant air emission reductions, especialy for
the 1990 Clean Air Act Amendment HAPs. The facility has two principal testing arenas. a Pre-
Production Foundry designed to measure airborne emissions from individually poured molds,
and a Production Foundry designed to measure air emissions in a continuous full scale
production process. Each of these testing arenas has been specially designed to facilitate the
collection and evaluation of airborne emissions and associated process data. The data collected
during the various testing projects are evaluated to determine both the airborne emissions impact
of the materials and/or process changes, and their stability and impact upon the quality and
economics of casting and core manufacture. The materials, equipment, and processes may need
to be further adapted and defined so that they will integrate into current casting facilities
smoothly and with minimum capital expenditure.

Normally, Pre-Production testing is conducted first in order to evaluate the air emissions impact
of a proposed alternative material, equipment, or process in the most cost effective manner. The
Pre-Production Foundry is a ssimple general purpose manua foundry that was adapted and
instrumented to make detailed emission measurements using methods based on EPA protocols
for pouring, casting cooling, and shakeout processes on discrete molds under tightly controlled
conditions not feasible in a commercia foundry. The Pre-Production Foundry uses a four-cavity,
AFS irregular gear mold as its test pattern for No-Bake testing. All No-Bake testing occurs in
the Pre-Production Foundry.

The Production Foundry’s design as a basic greensand foundry was deliberately chosen so that
whatever is tested in this facility will also be convertible to existing mechanized commercial
foundries. The type and size of equipment, materials, and processes used emulate an automotive
foundry. Thisfacility is used to evaluate materials, equipment, and processes in a continuous
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process that is allowed to vary to the limits of commercia experience in a controlled manner.
The Production Foundry provides simultaneous detailed individual emission measurements using
methods based on USEPA protocols of the melting, pouring, sand preparation, mold making, and
core making processes. It is instrumented so that the data on al activities of the metal casting
process can be ssimultaneously and continuously collected, in order to completely evauate the
economic impact of the prospective emission reducing strategy. The Production Foundry’s test
casting isasingle cavity Ford Motor Company 1-4 engine block. Castings are randomly selected
to evaluate the impact of the material, equipment, or process on casting quality. Alternative
materials, equipment, and processes that demonstrate significant air emission reduction potential,
preserve casting quality parameters, and that are economically viable based on the Pre-
Production testing, may be further evaluated in the Production Foundry.

It must be noted that the results from the reference and product testing performed are not suitable
for use as emission factors or for other purposes other than evaluating the relative emission
reductions associated with the use of alterretive materials, equipment, or manufacturing
processes. The emissions measurements are unique to the specific castings produced, materials
used, and testing methodology associated with these tests. These measurements should not be
used as the basis for estimating emissions from actual commercia foundry applications.

1.3 Report Organization

This report has been designed to document the methodology and results of a specific test plan
that was used to evaluate the performance of an alternative material, equipment, or process in the
Pre-Production Foundry. Section 2 of this report includes a summary of the methodol ogies used
for data collection and analysis, emission calculations, QA/QC procedures, and data management
and reduction methods. Specific data collected during this test are summarized in Section 3 of
this report, with detailed data included in Appendices B and C of this report. Section 4 of this
report contains a discussion of the results and recommendations for additional testing, if any.

The raw data for this test series are included in a data binder that is maintained at the Technikon
facility. There are several support documents that provide details regarding the testing and
analytical procedures used. Appendix F contains a listing of these support documents.

1.4 Preliminary Testing

The foundation for the specific test protocols and airborne emission measurements have been
determined from testing performed to:

?? Establish the required number of samples needed to statistically support the evaluation of
emission reduction potentials of the alternative materials, equipment, and processes that
may be evaluated;

?? Provide a series of standardized emissions from standard mold packages.

It has been determined that nine replicate tests will provide a statistically significant sample for
the purposes of evaluating the emission reductions from alternative materials, equipment, and
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processes. The results of the testing conducted in support of this conclusion is included in a
report entitted Evaluation of the Required Number of Replicate Tests to Provide Statistically
Significant Air Emission Reduction Comparisons for the CERP Pre-Production Foundry Test

Program

15 Specific Test Plan and Objectives

This report contains the results of testing performed to assess the emission reduction potential of
a No-Bake binder system. The test hypothesis is that the test binder system will have lower
VOC and HAP emissions than a reference (baseline) No-Bake binder system. Table t1
provides a summary of the st plans. The details of the approved test plans are included in
Appendix A.

Table1-1 Test Plan Summary

Test Plans
Type of Process tested No-Bake Phenolic Urethane | No-Bake Phenolic Urethane
Test Plan Number RE100102DG RV100107DL
Binder System DeltaHA TECHNISET® Delta HA TECHNISET®
20-665/23-635/17-727 20-571/23-536/17-727

Metal Poured Iron Iron
Casting Type Four-cavity AFS Irregular Gear Mold
Number of molds poured 21 12
Test Dates 11-13-00 > 11-15-00 11-16-00 > 1/8/01
Emissions Measured 70 organic HAPs and VOCs
mg;‘feﬁar ameters Total Casting, Mold and Binder Weights, Metallurgical

data, % LOI, Stack Temperature, Stack Moisture Content,

Stack Pressure, and Stack Volumetric Flow Rate
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20 Test Methodology I
2.1 Description of Process and Testing Equipment
Figure 2-1 isadiagram of the Pre-Production Foundry process equipment.
Stack
Binder System Stack Sampling
¢ Train
Hand Mold Mold Assembly Pouring, Cooling Casting
Production > and Shakeout Inspection
(enclosed)
A A
Casting
Re-melt
New Sand Induction o
Furnace
Scrap

Iron

Figure 2-1 Pre-Production Foundry L ayout Diagram

2.2 Description of Testing Program

The specific steps used in this sampling program are summarized below:

1. Test Plan Review and Approval: The proposed test plan was reviewed by the Technikon staff and
CTC Program M anager, and approved.

2. Mold, and Metal Preparation: The molds are prepared to a standard composition by the Technikon
production team. Relevant process data are collected during mold preparation.
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Iron is melted in a 1000 Ib. Ajax induction furnace (Model

MFB-1000). The amount of metal melted is determined from

the poured weight of the casting and the number of molds to be

poured. The meta composition is prescribed by a metal

composition worksheet. The weight of metal poured into each
mold is recorded on the process data summary sheet.

No-Bake Mold Preparation

Individual Sampling Events. Replicate tests are performed on
several mold packages. The mold packages are each placed into
an enclosed test stand. Iron is poured through an opening in the
top of the enclosure. The opening is closed as soon as pouring is
completed. Continuous air samples are collected during the forty-
five minute pouring and cooling process, during the fifteen
minute shakeout of the mold, and for an additional fifteen minute
period following shakeout. The total sampling time is seventy-
five minutes.

Pouring of Molds Through
Opening in Collection Hood

The welght of eech moId and the weight of binder used to prepare that mold are recorded on the
- g Process Data Summary Sheet. In addition, the pouring
temperature, number of cavities poured, the %LOI of the mold
before pouring are aso recorded on the Process Data Summary
Sheet.

The unheated emission hood is ventilated at approximately 700
SCFM through a 12-inch diameter heated duct. Emissions
samples are drawn from sampling ports located to ensure
conformance with EPA Method 1. Thetip of the probeis

located in the centroid of the duct.

Castings after Shake Out

Process Parameter M easurements. Table 2-1 lists the process
parameters that are monitored during each test. The analytical
equipment and methods used are also listed.

Volatiles and Condensables
Sampling
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Table 2-1 Process Parameter s M easur ed
Par ameter Analytical Equipment and M ethods
Mold Weight Acme 4260 Crane Scale (Gravimetric)
Casting Weight Westweigh PP2847 Platform Scale (Gravimetric)
Binder Weight Mettler PJ8000 Digital Scale (Gravimetric)
Sand Resin Tensile Strength Dietert 405 Universal Strength Machine
Tenslle Test Bar Weight Mettler PJ 4000 Digital Scale (Gravimetric)
LOI, % Denver Instruments XE-100 Analytical Scale
(AFS procedure 321-87-S)
Metallurgical Parameters
Pouring Temperature Electro-Nite DT 260 (T/C immersion pyrometer)
Carbon/Silicon, and Fusion Electro-Nite Datacast 2000 (Thermal Arrest)
Temperature
Alloy Weights OHAUS MP-2
Carbon/Silicon Baird Foundry Mate Optical Emission Spectrometer

Air_Emissions Analysis: The specific sampling and analytical methods used in the Pre-Production
Foundry tests are based on the USEPA reference methods shown in Table 22. The details of the
specific testing procedures and their variance from the reference methods are included in the
Technikon Emission Testing and Analytical Testing Standard Operating Procedures. .

Table 2-2 Sampling and Analytical M ethods

M easurement Parameter Test Method
Port location EPA Method 1
Number of traverse points EPA Method 1
Gas velocity and temperature EPA Method 2
Gas density and molecular weight EPA Method 3a
Gas moisture EPA Method 4, gravimetric
HAPs concentration EPA Method 18, TO11, NIOSH 2002*
V OCs concentration EPA Method 18, 25A, TO11, NIOSH 2002*
Condensables Technikon method **

*These methods were specifically modified to meet the testing objectives of the CERP Program.
**The Technikon condensables method is intended to provide a measure of the EPA Method 5 “back-half”
determination.

6. Data Reduction, Tabulation and Preliminary Report Preparation: The analytical results of
the emissions tests provide the mass of each analyte in the sample. The total mass of the analyte
emitted is calculated by multiplying the mass of analyte in the sample times the ratio of total
stack gas volume to sample volume. The total stack gas volume is calculated from the measured
stack gas velocity and duct diameter, and corrected to dry standard conditions using the
measured stack pressures, temperatures, gas molecular weight and moisture content. The total
mass of analyte is then divided by the weight of the casting poured to provide emissions data in
pounds of analyte per ton of metal.
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The results of each of the sampling events are included in Appendix B of this report. The results of
each test are also averaged and are shown in Table 3.1.

7.

2.3

Report Preparation and Review. The Preliminary Draft Report is reviewed by the Process

Team and Emissions Team to ensure its completeness, consistency with the test plan, and
adherence to the prescribed QA/QC procedures. Appropriate observations, conclusions and
recommendations are added to the report to produce a Draft Report. The Draft Report is
reviewed by the Vice President-Measurement Technologies, the Vice President-Operations, and
the Technikon President. Comments are incorporated into a draft Final Report prior to final
signature approval and distribution.

Quality Assurance and Quality Control (QA/QC) Procedures

Detalled QA/QC and data validation procedures for the process parameters, stack measurements,
and laboratory analytical procedures are included in the Technikon Emission Testing and
Analytical Testing Standard Operating Procedures. In order to ensure the timely review of critical

quality control parameters, the following procedures are followed:

& Immediately following the individual sampling events performed for each test, specific process

parameters are reviewed by the Manager - Process Engineering to ensure that the parameters are
maintained within the prescribed control ranges. Where data are not within the prescribed
ranges, the Manager - Process Engineering and the Vice President-Operations determine whether
the individual test samples should be invalidated or flagged for further analysis following review
of the laboratory data.

% The source (stack) and sampling parameters, analytical results and corresponding laboratory

QA/QC data are reviewed by the Emissions Measurement Team to confirm the validity of the
data. The VP-Measurement Technologies reviews and approves the recommendation, if any,
that individual sample data should be invalidated. Invalidated data are not used in subsequent
calculations.
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3.0 Test Results |

The average emission results, in pounds per ton of metal poured, is presented in Table 3-1 for tests
reported in this document. This table includes the individual organic VOC compounds that comprise at
least 95% of the total VOCs measured, along with the corresponding sum of VOCs, sum of HAPs, and
sum of POMs. The table aso includes the TGOM (THC) as Propane, HC as Hexane and the percentage
difference between the baseline (DG) and the test system (DL). Percentage differencesin Bold are the
result of emissions differences, not test variability. Figures 3-1, 3-2, and 3-3 represent the comparisons
of the five emissions indicators and selected individual HAP and VOC emissions data from Table 3-1 in
graphical form. Appendix B contains the detailed data including the results for al analytes measured.
Table 3-2 includes the averages of the key process and source parameters and the data target ranges. All
emission results are presented without blank or background correction. Detailed process and source data
are presented in Appendix C.

Method 25A charts for the tests are included in Appendix D of thisreport. The charts are presented to
show the VOC profile of emissions for each pour.

A laboratory analytical data validation log is included in Appendix E of this report.
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Table 3-1. Summary of Test Plan DG and DL Average Results

Nl wn
3| = TestDG | TestDL | % Change
a| T Analytes (Lb/Tn) (Lb/Tn) |from Test DG
TGOM (THC) asPropane 12.2 555 -54%
HC as Hexane 111 3.63 -67%
Sum of VOCs 4.06 1.64 -60%
Sum of HAPs 2.00 1.45 -28%
Sum of POMs 0.104 0.092 -12%
Individual Organic HAPs
X |Phenal 0.942 0.843 -11%
X [o,m,p-Cresol 0.500 0.102 -80%
X |Benzene 0.299 0.266 -11%
z | x |Dimethylnaphthalenes 0.086 <0.001 -100%
X |Toluene 0.056 0.044 -22%
X _|o,m,p-Xylene 0.031 0.015 -52%
X _|Indene 0.028 0.011 -60%
X |Formaldehyde 0.021 0.024 18%
X |Aniline 0.019 0.028 52%
X |Styrene 0.014 0.010 -32%
X |Hexane <0.001 0.009 3008%
z | x |Naphthalene ND 0.089 NA
Other VOCs
Dimethylphenols 1.07 0.001 -100%
Diethylbenzenes 0.299 0.025 -92%
Trimethylbenzenes 0.216 0.062 -72%
Tetradecane 0.141 0.003 -98%
Butylbenzenes 0.116 0.002 -99%
Dodecane 0.060 ND -100%
Indan 0.057 0.023 -60%
Undecane 0.033 0.006 -81%
Butyraldehyde/M ethacrolein 0.021 0.020 -5%
n-Propylbenzene ND 0.010 NA
Other Analytes
Condensables 0.800 2.72 240%
Carbon Monoxide 4.18 5.44 30%
M ethane 0.590 0.509 -14%
Carbon Dioxide 59.3 52.9 -11%

Individual results constitute >95% of mass of all detected VOCs.
NA: Not Applicable; ND: Non Detect

All " Other Analytes" arenot included in the Sum of VOCs or HAPs.
" Percent Change from Test DG" valuesin bold indicate a 95%

probability that the differencesin the average values wer e not from test
variability.
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Table 3-2 Summary of Test Plan DG and DL Process and Stack Parameters
Average of Baseline| Average of Test DL
Average Process and Stack Parameters DG (No-Bakelron) % Difference Target Range
Casting Metal Weight: casting & sprue, 1bs. 131 131 0.0 128 - 134
Pouring Temperature, °F 2639 2633 -0.2 2615 - 2645
No-Bake Mold Weight, Ibs. 332 327 15 325- 335
% Resin (part ) + co-reactant (part 11) BOS 1.14 110 35 11
Ratio Resin (part I) to co-reactant (part I1) 55/45 55/45 0.0 55/45
True % Resin & co-reactant(part | + part I1) 112 1.09 27 107-1.11
True % Resin, co-reactant, & catalyst (part | + 114
part Il + part I11) 1.17 -2.6 1.14-1.18
No Bake Mold LOI, % @ 1400°F 1.41 1.40 07 1.1-1.9
Dog Bone Tensile Strength 2 hrs, psi 208 188 96 100 - 220
Dog Bone Tensile Strength 24 hrs at 90% RH,
psi 87 56 -35.0 40 - 100
Average Stack Temperature, F 105 105 0.0 120 + 20
Total Moisture Content, % 0.89 1.03 15.7 0-4
Average Stack Velocity, ft./sec. 16.01 15.90 07 17+2
Avg. Steck Pressure, in. Hg 3017 30.10 -0.2 29.92+1
Stack Flow Rate, scfm 705 697 1.1 700 + 150

*L Ol includes approximately 0.3-0.5% from sand carbonate decomposition
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Figure3-1. Comparison of Emission Indicatorsfrom Test DG and DL
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Figure3-2. Comparison of Selected HAP Emissionsfrom Test DG and DL

1.000

0.900 '—_I

0.800 1

0.700 T

0.600 71

O7est DG
8 Test DL

0.500 71

0.300 1

0.200 1

0.100 71

0.000 : : Il_l IE-IEHIEHIC-I:-IZ—J ._

CRADA PROTECTED DOCUMENT

(= & = = [ (=2 o =
= o & o e ma i &
e ¥ ¥ 3 3 & : 5
& i w Py o 9 S &
& & < g
[ L
Selected HAPs

15 of 102



TECHNIKON# RE100102DL
26 April 2001

Figure3-3. Comparison of Selected VOC Emissionsfrom Test DG and DL

1.20

1.00 T
— 080T
= 5 Test DG
c Test DL
= 06071
2
E
i

0.40 T

0.20 T —‘ _'L

0.00 T T T |_‘ T ’_‘ ’_| T h—'—L'—:-—'—_

s : £ ] o2 & i w3 el
- = o o & A ey o &
\é{\ﬂ.{" 4 _:'j,'?' : {JE beu _¢_|.,- o A ‘I'E--U\n "\CFQJ
e & R o Rl o o ¥
_ 6‘& ol e A 4‘.1\}“ L“I“' o
o gy &:ﬁ :\«;'P &
&
By
,q?‘-u-
Selected VOCs
CRADA PROTECTED DOCUMENT 16 of 102




TECHNIKON# RE100102DL
26 April 2001

[40 Discussion of Results |

The sampling and analytical methodol ogies were the same for Test Plans DG and DL.

Observation of measured process parameters indicates that the validated tests were run within an
acceptable range. In Table 31, the “percent change from Test DG” vaues presented in Bold letters
indicate a greater than 95% probability that the differences in the average values were not the result of
variability in the test protocol determined from T-Statistic calculations. A table showing the T-
Statistics calculated can be found in Appendix B.

A total of 12 test pours were performed for the Test Series DL. Two of the test pours (Tests 3 and 9)
were invalidated due to process data validation considerations (see Appendix C). The final averages
for Test DL reported in Table 3-1 are from a total of seven test pours for all target VOCs and HC as
hexane. The TGOM (THC) as propane final average consists of six validated test pour results from the
twelve sampling events. Three additional tests (Tests 10-12) were performed to obtain condensables,
light hydrocarbons, carbon monoxide, and carbon dioxide data only that are also included in Table 3-1
as “Other Analytes’. The condensables results were invalidated for the first nine test pours of DL due
to inconsistent flow rate problems encountered during collection. The detailed emission results from
all tests are found in Appendix B of this report.

The results of the tests performed for the comparison of Test DG to Test DL show a54% reduction in
TGOM (THC) as propane, a 67% reduction in HC as hexane, a 60% reduction in VOCs, a 28%
reduction in HAPs, and a 12% reduction in POMs. From Appendix C, the differences in %LOI for
Test DG and DL were insignificant and do not seem to be a factor in the emissions results.
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Appendix A
Approved Test Plan for
Test SeriesDG and DL
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TECHNIKON/CERP TEST PLAN

CONTRACT NUMBER: 1256 TASK NUMBER: 120

CONTROL NUMBER: RE 100102

SAMPLE FAMILY: DG

SAMPLE EVENTS: 001 thru 021

SITE: __X_PRE-PRODUCTION(243)  CERP FOUNDRY(238)

TEST TYPE: Iron: No-Bake Phenolic Urethane Basdline

MOLD TYPE: No-Bake variable-tooth gear precison mold made with Delta-HA
Techniset® No-Bake 20-665 Part |, 23-635 Part |1, 17-727 Part |11

NUMBER OF MOLDS: 21

CORETYPE: __N/A

TEST DATE: START: 13 Nov 00
FINISH: 27 Nov 00

TEST OBJECTIVES:

Primary: To measure emissions from No-Bake molds, formulated for use with cast iron, ad
manufactured based on protocols developed in capability study CP and CW to make a No-Bake Iron
baseline. The Airsense real-time spectrometer & THC analyzer will be used to monitor the test, and
sample tubes will be collected for analysis by an outside laboratory.

VARIABLES: Three part No-Bake resin at 1.1 % resin (BOS) in the ratio of 55% DeltaHA
Techniset® 20-665 resin, 45% Delta-HA Techniset® 23-635 co-reactant, and 7% (BOR Part |) Delta-
HA Techniset® 17-727 part 111 activator.
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BRIEF OVERVIEW: The molds will be the standard 4on variable-tooth gear made from Okie 90
silica sand with the above resin system. The molds will be transferred to the Pouring/cooling/shakeout
hooded station used for greensand and core baselines.

SPECIAL CONDITIONS: A shakeout fixture, which will promote disintegration of the No-Bake
mold shall be installed on the shakeout device. This fixture will carry the No-Bake mold and locate the
pouring basin in the standard pouring position. Steel hangers will be implanted in each cavity to
promote separation of castings from the no bake sand during shakeout.

I 7 o 1/ o

Manager Procest Engineering Date
{Techniken)

/.;; - ? — g
V.PL tviEasurement Technologices Datg
(Technilken}
'L_._.-Tm |- -2
V.P. ODperations {Technikon) Date
(g > ((FLDR ()5 /e
Emissions fl{eam lfUSﬁ.n‘iR]n Diate’ -

AN i f%}“?/—-ﬂc;ﬁ

'lfmn%ﬁrnd Fa-:nlm Team (USCAR)  Daie
f@%ﬂ/& ( 2 for)

Proj E-EtMHIIE.gBI‘ [C}ﬁj Date
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Pre-Production Phenolic Urethane/ Iron
No-Bake Process Instructions: DG

A. Experiment
1. Establish a Phenolic Urethane Iron No-Bake baseline that other No-Bake vendor materials
will be compared.

B. Materials
1. No-Bake molds: Okie 90 Silica Sand and
a 1.1 % DedtaHA Techniset ® No-Bake Phenolic-Urethane core resin composed of
20-665 part | resin, 23-635 part |1 co-reactant, & 17-727
part 111 activator. This resins are designed for iron applications.
2. Meta: Class 30 Gray cast iron.
Note: Observe all safety precautions attendant to these operations as delineated in the Pre-
Production operating and safety instruction manual.

C. Mald requirements
1. Make nine (9) Phenolic No-Bake molds according standards determined in CW & CP
capability studies.

D. Phenolic Urethane No-Bake Core Sand preparation
1. The phenolic urethane No-Bake sand shall be 1.1 % total resin (BOS), Part I/Part 11 ratio
55/45, Part |11 at 7% of Part I.
2. Calibrate the Kloster No-Bake sand mixer to dispense 240 pounds/min more or less.
3. Célibrate the resin pumps:
a. Part I: Based on the actual measured sand dispensing rate calibrate the Part |
resin to be 55% of 1.1 % total resin or 0.605% +/- .01% (BOS).
b. Part Il: Based on the actual measured sand dispensing rate calibrate the Part 11 co-
reactant to be 45 % of 1.1 % total resin or 0.495 % +/- 0.01 % (BOS).
c. Calibratethe part |11 activator to be 7 % +/- 0.1 % of Part I.

E. Dog bones

1. Make 24 dogbones according to the protocol establish in capability study CW.
(Two (2) 12-piece sets of test dogbones using 12-on core box)
Sample the raw uncoated sand from the hopper feeding the core sand mixer, bag,
label with date, time, and mold number. Send to sand lab for LOI comparison.
Place the core box on the vibrating compaction table.
Start the Kloster mixer and waste a few pounds of sand.
Flood the core box with sand then stop the mixer.
Strike off the core box to %2 inch deep
Turn on the vibrating compaction table for 15 seconds.
Screed off most of the excess sand.
Screed the core box a second time moving very dowly in a back and forth manner to
remove all excess sand.

N

©COoN O~ W
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*Note: It is important to neither gouge the sand nor leave excess sand in center neck portion of

the dogbone or the test results will be affected

10. Set aside for about 6-7 minutes or until hard to the touch.

11. Carefully remove the cores from the core box by separating the corebox components.

12. Place 6 bones in the 90% Rh cabinet.

13. Perform tensile tests on 6 bones at each of the following times after dogbone manufacture:
30 minutes, 2 hours, 24 hours, and 24 hours@ 90 % Rh. Report the average and standard
deviation for each set of six (6) at each time for each mold.

14. Weigh each dogbone and record the weight to the nearest 0.1 grams using the PJ 4000
electronic scale at the time it is tensile tested.

*Note: maintain the correlation between the reported weight of a dogbone and its tensile

strength and scratch hardness.

15. Run a 1400 °F core LOI on three (3) of the 30- minute tensile test dogbones. Report the
average value for each mold.

16. Run a 1400 °F core LOI on the raw uncoated sand sampled at the same time as the
dogbones are made. Calculate a Core Resin LOI as the difference between the average Core
LOI and raw sand core LOI. Report this value for each mold.

F. No-Bake mold making: 4 on gear core box

1. Inspect the box for cracks and other damage. Repair before use.

2. Prepare the core box halves with a light coating of Ashland Zipdip © IP 78. Allow to fully
dry.

3. Place the drag core box on the vibrating compaction table.

4. Begin filling the box.

5. Immediately start the table vibration.

6. Manually spread the sand around the box as it is filling.

7. Strike off the box until it is full.

8. Allow the vibrator to run an additional 10 seconds after the box is full.

9. Strike off the core box so that the core mold is 5-1/2 inches thick.

10. Set the core box aside for 5 to 6 minutes or until it is hard to the touch.

11. Invert the box and place on atransport pallet.

12. Remove the pivot hole pins.

13. Remove the core mold half by tapping lightly on the box with a soft hammer.

14. Set the drag core box aside.

15. Place the cope core box on the vibrating compaction table.

16. Follow steps F3-F13 except that the cope mold is 5 inches thick.

17. Rotate the unboxed core to set it on edge.

18. Drill vent holes as per template.

19. Hand trim the pour basin to promote minimum splash and minimum cup volume.

20. Close cope onto drag. Visually check for closure.

21. Ingtal two (2) steel straps, one on either side of the pouring cup, with 4 metal corner
protectors each to hold the mold tightly closed.

22. Weigh and record the weight of the closed mold.
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G. Emission
1. Loading
a
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hood

Hoist the mold onto the shakeout deck fixture within the emission hood with the
pouring cup side toward the furnace.

b. Install the cope weighting device.

c. Ingtal ahalf inch re-rod casting hangers through the cope into each of the four riser
cavities and suspend them over the horizontal mold retaining bars.

d. Close, sedl, and lock the emission hood

2. Shakeout

a. After 45 minutes of cooling time has elapsed turn on the shakeout unit and run for
15 minutes as prescribed in the emission test plan from pouring.

b. Turn off the shakeout. The emission sampling will continue for an additional 15
minutes or atotal of 75 minutes

c. Wait for the emission team to signal that they are finished sampling.

d. Open the hood, remove the castings

e. Clean core sand out of the pit and off the shakeout.

f.  Weigh and record cast metal weight.

H. Médlting
1. Initia charge

a. Charge the furnace according to the Generic Start Up Charge for Pre-Production
heat recipe bearing effectivity date 18 Mar 1999.

b. Place part of the steel scrap on the bottom, followed by carbon aloys, and the
balance of the stedl.

c. Place apig on top on top.

d. Bring the furnace contents to the point of beginning to melt over a period of 1 hour
at reduced power.

e. Add the balance of the metalics under full power until all is melted and the
temperature has reached 2600 to 2700 °F.

f. Slag the furnace and add the balance of the alloys.

g Raisethetemperature of the melt to 2700 °F and take a DataCast 2000 sample. The
temperature of the primary liquidus (TPL) must be in the range of 2200-2350°F.

h. Hold the furnace at 2500-2550°F until near ready to tap.

i.  When ready to tap raise the temperature to 2700°F and slag the furnace.

J. Record all metallic and alloy additions to the furnace, tap temperature, and pour

temperature. Record all furnace activities with an associated time.

2. Back charging

a
b.
C.

3. Emptyi
a

If additional iron is desired back charge according to the Generic Pre-Production
Last Méelt heat recipe bearing effectivity date 18 Mar 1999.

Charge a few pieces of stedl first to make a splash barrier, followed by the carbon
aloys.

Follow the above steps beginning with H.1.e

ng the furnace

Pig the extra metal only after the last emission measurement is complete to avoid
contaminating the air sample.
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b.
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Cover the empty furnace with ceramic blanket to cool.

1. Preheat the ladle.

Steven Knight

S0 oTw

— > @

Tap 400 pounds more or less of 2700°F metal into the cold ladle.

Casualy pour the metal back to the furnace.

Cover the ladle.

Reheat the metal to 2780 +/- 20 °F.

Tap 450 pounds more or less of iron into the ladle while pouring inoculating aloys
onto the metal stream near its base.

Cover the ladle to conserve heat.

Move the ladle to the pour position, open the emission hood pour door and wait
until the metal temperature reaches 2630 +/- 10 °F.

Commence pouring keeping the sprue full.

Upon completion dose the hood door, return the extra metal to the furnace, and
cover the ladle.

Mgr. Process Engineering

CRADA PROTECTED DOCUMENT 24 of 102



TECHNIKON# RE100102DL

26 April 2001
PRE-PRODUCTION DG SERIESSAMPLE PLAN
@ 2o |3
Q Q
Q o Sl 22|97 |o
3 Ex 521812 IE1R |3
o C¢Dt 5} =~ ~ 8 ° = 3 %
e o =. 5
> A = @D
@ Comments
11/13/00 No-Bake Iron, 1.1% Resin
EVENT 1
AIRSENSH DGoo101 TOTAL
THC DG00102 TOTAL
PUH DGoo118 351 Port B
o o |S
O ~ |2 o)
< g , c E g _g) (¢] = =]
L i Zi2 |52 19|73 |o
> © — 5 0 =~ [ > =
a H o |[= e = |3 5
(0] e 8 =. 5
= = |2 o
@ Comments
11/13/00 No-Bake Iron, 1.1% Resin
EVENT 2
AIRSENSH DG00201 TOTAL
THC| DG00202 TOTAL
PUF DG00210 35L Port B

CRADA PROTECTED DOCUMENT

25 of 102




TECHNIKON# RE100102DL

26 April 2001
PRE-PRODUCTION DG SERIESSAMPLE PLAN
@ 2o |3
O x | Q.
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—a S =] = ~ = >
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o0 — ~— D
@ Comments
11/13/00 No-Bake Iron, 1.1% Resin
EVENT 3
AIRSENSH DG00301 TOTAL
THC DG00302 TOTAL
PUF DG00310 351 Port B
PRE-PRODUCTION DG SERIESSAMPLE PLAN
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11/14/00
EVENT 4
PUF DGoo4 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
©| €|z |3
= | @
5 ¢ lggEizilelBE 2
= =3 2 S | = I | = s 3 9
g 2 T ETIEIT IR I
< |83 |3
@ Comments
11/14/00
EVENT 5
AIRSENSH DGo00501 | X TOTAL
THC| DG00502 | X TOTAL
M-18 DG00503 1 25 | 1 [TOTAL
M-18 DG00504 1 25 | 1 [TOTAL
M-18 DG00505 1 25 | 2 [TOTAL
M-18 DG00506 1 25 | 2 [TOTAL
M-18 by MS DG00507 1 25 | 3 [TOTAL
M-18 by MS DG00508 1 25 | 3 [TOTAL
M-18 by MS DG00509 1 25 | 4 [TOTAL
M-18 by MS DG00510 1 25 | 4 [TOTAL
EXCESS 25 5 |Excess
NIOSH 1500 DGoo511 1 500 | 6 |[TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002 DpGoo512 1 500 | 8 [TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO1l DG00513 1 1000 | 10 |[TOTAL
TO1l] DGO00514 1 1000 | 10 [TOTAL
EXCESS 1000 | 11 |Excess
Moisturg 1 500 | 12
Excesq 5000 | 13 |Excess
PUFH DG00515 1 35L Port B
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oy L |n |
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z %’ g o (8 2|2 |5
=5 o ) = Q I | = [ 3 Q
= = | -] = =~ = =
9 D » 28 | X o |lo B |= 2
e * ®\T = E
(@) Q) 5 -
Comments
11/14/00
EVENT 6
AIRSENSH DGoo601 | X TOTAL
THC DG00602 | X TOTAL
M-18 DG00603 1 25 1 |TOTAL
M-18 DG00604 1 25 | 2 |TOTAL
M-18 by MS DG00605 1 25 | 3 |TOTAL
M-18 by MS DG00606 1 25 | 4 [TOTAL
Excess 25 5 |excess
NIOSH 1500 DG00607 1 500 | 6 |TOTAL Orbo 32L
NIOSH 1500 DG00608 1 500 | 7 |TOTAL Orbo 32L
NIOSH 2002 DG00609 1 500 | 8 |[TOTAL (SKC 226-15)
NIOSH 20021 DG00610 1 500 | 9 |[TOTAL (SKC 226-15)
TO11] DpGoos11 1 1000 | 10 |TOTAL
TO11l DGoo612 1 1000 | 11 |TOTAL
Moisture 1 500 | 12
Excess 5000 | 13 |excess
PUF DG00613 1 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
w| €|z |3
) ~ |2 D
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= 212 |3
@ Comments
11/14/00
EVENT 7
AIRSENSH DGoo701 | X TOTAL
THC| DG00702 | X TOTAL
M-18 DG00703 1 25 | 1 |[TOTAL
M-18 DG00704 1 25 | 2 [TOTAL
M-18 by MS DG00705 1 25 | 3 [TOTAL
M-18 by MS DG00706 1 25 | 4 [TOTAL
EXCESS 25 5 |Excess
NIOSH 1500 DG00707 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002 DGo00708 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO11l DG00709 1 1000 | 10 |[TOTAL
EXCESS 1000 | 11 |Excess
Moisturg 1 500 | 12
Excesy 5000 | 13 |Excess
PUF DG00710 1 35L Port B
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Comments
11/15/00
EVENT 8
AIRSENSH DGooso1 | X TOTAL
THC| DGo0802 | X TOTAL
M-18 DG00803 1 25 | 1 |TOTAL
M-18 DG00s04 1 25 | 2 [TOTAL
M-18 by MS DG00805 1 25 | 3 [TOTAL
M-18 by MS DG00806 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 DG00807 1 500 | 6 |TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 20021 DG00808 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO11l] DpGooso9 1 1000 | 10 [TOTAL
EXCESS 1000 | 11 |Excess
Moisture 1 500 | 12
Excesy 5000 | 13 |Excess
PUF DGo0s10 1 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
w| €|z |3
) ~ |2 D
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@ Comments
11/15/00
EVENT 9
AIRSENSH DGo0901 | X TOTAL
THC| DG00902 | X TOTAL
M-18 DG00903 1 25 | 1 |[TOTAL
M-18 DG00904 1 25 | 2 [TOTAL
M-18 by MS DG00905 1 25 | 3 [TOTAL
M-18 by MS DG00906 1 25 | 4 [TOTAL
EXCESS 25 5 |Excess
NIOSH 1500 DG00907 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002 DG00908 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO1l DG00909 1 1000 | 10 [TOTAL
EXCESS 1000 | 11 |Excess
Moisturg 1 500 | 12
Excesy 5000 | 13 |Excess
PUF DG00910 1 35L Port B
CRADA PROTECTED DOCUMENT 31 of 102




TECHNIKON# RE100102DL

26 April 2001
| &z |F
= % o |8 2lol8lpl3 |2 |5
'C:% ° o = |2 |5 |2 Y13 |0
o = o T |8 S 5 s | = =
2 o o B |7 2| =3 |8
£ o é § = a
° |~ Comments
11/15/00
EVENT 10
AIRSENSH DGo01001 | X TOTAL
THC DG01002 | X TOTAL
M-18 DG01003 1 25 | 1 [TOTAL
M-18 DG01004 1 25 | 2 [TOTAL
M-18 by MS DG01005 1 25 | 3 [TOTAL
M-18 by MS DG01006 1 25 | 4 [TOTAL
EXCESS 25 5 |Excess
NIOSH 1500 DG01007 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002 DG01008 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO1l DG01009 1 1000 | 10 [TOTAL
EXCESS 1000 | 11 |Excess
Moisturg 1 500 | 12
Excess 5000 | 13 |Excess
PUF DG01010 1 35L Port B

CRADA PROTECTED DOCUMENT 32 of 102




TECHNIKON# RE100102DL

26 April 2001
PRE-PRODUCTION DG SERIESSAMPLE PLAN
o L |n |
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Comments
11/15/00
EVENT 11
AIRSENSH DGo1101 | X TOTAL
THC DG01102 | X TOTAL
M-18 DG01103 1 25 | 1 [TOTAL
M-18 DG01104 1 25 | 2 [TOTAL
M-18 by M§ DG01105 1 25 | 3 |TOTAL
M-18 by MS DG01106 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 DGo01107 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 20021 pGo01108 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO1l DG01109 1 1000 | 10 |[TOTAL
EXCESS 1000 | 11 |Excess
Moisturg 1 500 | 12
Excesy 5000 | 13 |Excess
PUF DGo1110 1 35L Port B
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Comments
11/16/00
EVENT 12
AIRSENSH DG01201 | X TOTAL
THC| DGo01202 | X TOTAL
M-18 DG01203 1 25 | 1 [TOTAL
M-18 DG01204 1 25 | 2 [TOTAL
M-18 by MS DG01205 1 25 | 3 [TOTAL
M-18 by MS DG01206 1 25 | 4 |TOTAL
EXCESS 25 5 |Excess
NIOSH 1500 DG01207 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002 DG01208 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO11l DG01209 1 1000 | 10 [TOTAL
EXCESS 1000 | 11 |Excess
Moisturg 1 500 | 12
Excesy 5000 | 13 |Excess
PUH DG01210 1 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
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@ Comments
11/16/00
EVENT 13
AIRSENSH DG01301 | X TOTAL
THC DG01302 | X TOTAL
M-18 DG01303 1 25 | 1 [TOTAL
M-18 DG01304 1 25 | 2 [TOTAL
M-18 by MS DG01305 1 25 | 3 [TOTAL
M-18 by MS DG01306 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 DG01307 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002 DG01308 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO1l DG01309 1 1000 | 10 |[TOTAL
EXCESS 1000 | 11 |Excess
Moisturg 1 500 | 12
Excesy 5000 | 13 |Excess
PUF DG01310 1 35L Port B
M-18 DGo01311 X 25 BOTTLE - Mix 1A
M-18 DG01312 X 25 BOTTLE - Mix 1A
M-18 DG01313 X 25 TRAIN - Mix 1A
M-18 DG01314 X 25 TRAIN - Mix 1A
TO1l DG01315 X 500 BOTTLE - Mix 2
TO11l DG01316 X 500 BOTTLE - Mix 2
TO1l DGO01317 X 500 TRAIN - Mix 2
TO1l] DG01318 X 500 TRAIN - Mix 2
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w | & |n |3
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3 2 5121812121516 12 |3
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@ Comments
12/26/00
EVENT 14
AIRSENSH DG01401 TOTAL
THC DG01402 | X TOTAL
NIOSH 1500 DG01403 1 200 | 1 |[TOTAL - Orbo 32small
NIOSH 1500 DG01404 1 200 | 2 |TOTAL - Orbo 32small
NIOSH 1500 DG01405 1 200 | 3 |TOTAL - Orbo 32small
NIOSH 1500 DG01406 1 200 | 4 [TOTAL - Orbo 32small
GAS,CO + COZ DGO01407 1 60 5 [Bag sampleto Airtoxics
NIOSH 1500 DG01408 1 200 | 6 |[TOTAL - Orbo 32small
NIOSH 1500 DG01409 1 200 | 7 |TOTAL - Orbo 32small
NIOSH 1500 DG01410 1 200 | 8 [TOTAL - Orbo 32small
NIOSH 1500 DGo01411 1 200 | 9 |TOTAL - Orbo 32small
NIOSH 1500 DGo01412 1 200 | 10 |[TOTAL - Orbo 32small
NIOSH 1500 DG01413 1 200 | 11 |[TOTAL - Orbo 32small
Moisturg 1 500 | 12
Excess 5000 | 13 |Excess
PUH DGo1414 1 35L Port B
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* S [ 8 |5 |3
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@ Comments
12/26/00
EVENT 15
AIRSENSH DGo1501 TOTAL
THC| DG01502 | X TOTAL
NIOSH 1500 DG01503 200 TOTAL - Orbo 32small
NIOSH 1500 DGo01504 200 TOTAL - Orbo 32small
NIOSH 1500 DG01505 200 TOTAL - Orbo 32small

NIOSH 1500 DG01506 200 TOTAL - Orbo 32small

GAS,CO + COZ DG01507 Bag sampleto Airtoxics

NIOSH 1500 DG01508 200 TOTAL - Orbo 32small

NIOSH 1500 DG01509 200 TOTAL - Orbo 32small

NIOSH 1500 DG01510 200 TOTAL - Orbo 32small

© (00 |N (o |JO|h W [N |-

NIOSH 1500 DGo1511 200 TOTAL - Orbo 32small

GGG GG RN

NIOSH 1500 DGo1512 200 | 10 [TOTAL - Orbo 32small
NIOSH 1500 DG01513 200 | 11 [TOTAL - Orbo 32small
Moisturg 500 | 12
Excesy 5000 | 13 |Excess
PUF DGo1514 1 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
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@ Comments
12/26/00
EVENT 16
AIRSENSH DG01601 TOTAL
THC DG01602 | X TOTAL
NIOSH 1500 DG01603 1 200 | 1 |[TOTAL - Orbo 32small
NIOSH 1500 DG01604 1 200 | 2 |TOTAL - Orbo 32small
NIOSH 1500 DG01605 1 200 | 3 |TOTAL - Orbo 32small
NIOSH 1500 DG01606 1 200 | 4 [TOTAL - Orbo 32small
GAS,CO + COZ DG01607 1 60 5 [Bag sampleto Airtoxics
NIOSH 1500 DG01608 1 200 | 6 |[TOTAL - Orbo 32small
NIOSH 1500 DG01609 1 200 | 7 |TOTAL - Orbo 32small
NIOSH 1500 DG01610 1 200 | 8 [TOTAL - Orbo 32small
NIOSH 1500 DGo1611 1 200 | 9 |TOTAL - Orbo 32small
NIOSH 1500 DGo01612 1 200 | 10 |[TOTAL - Orbo 32small
NIOSH 1500 DG01613 1 200 | 11 |[TOTAL - Orbo 32small
Moisturg 1 500 | 12
Excess 5000 | 13 |Excess
PUH DGo1614 1 35L Port B
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@ Comments
12/26/00
EVENT 17
AIRSENSH DGo1701 TOTAL
THC| DGo01702 | X TOTAL
NIOSH 1500 DG01703 200 TOTAL - Orbo 32small
NIOSH 1500 DGo1704 200 TOTAL - Orbo 32small
NIOSH 1500 DG01705 200 TOTAL - Orbo 32small

NIOSH 1500 DG01706 200 TOTAL - Orbo 32small

GAS,CO + COZ DGO01707 Bag sampleto Airtoxics

NIOSH 1500 DGo01708 200 TOTAL - Orbo 32small

NIOSH 1500 DG01709 200 TOTAL - Orbo 32small

NIOSH 1500 DG01710 200 TOTAL - Orbo 32small

© (00 |N (o |JO|h W [N |-

NIOSH 1500 DpGo1711 200 TOTAL - Orbo 32small

GGG GG RN

NIOSH 1500 DGo1712 200 | 10 [TOTAL - Orbo 32small
NIOSH 1500 DG01713 200 | 11 [TOTAL - Orbo 32small
Moisturg 500 | 12
Excesy 5000 | 13 |Excess
PUFH DGo1714 1 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
w| €|z |3
~ |2 Q
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= 212 |3
@ Comments
12/27/00
EVENT 18
AIRSENSH DGo1801 TOTAL
THC| DG01802 | X TOTAL
NIOSH 1500 DG01803 1 200 | 1 [TOTAL - Orbo 32small
NIOSH 1500 DG01804 1 200 | 2 [TOTAL - Orbo 32small
NIOSH 1500 DG01805 1 200 | 3 [TOTAL - Orbo 32small
NIOSH 1500 DG01806 1 200 | 4 [TOTAL - Orbo 32small
GAS,CO + COZ DG01807 1 60 5 [Bag sampleto Airtoxics
NIOSH 1500 DG01808 1 200 | 6 |[TOTAL - Orbo 32small
NIOSH 1500 DG01809 1 200 | 7 [TOTAL - Orbo 32small
NIOSH 1500 DG01810 1 200 | 8 [TOTAL - Orbo 32small
NIOSH 1500 DGo1811 1 200 | 9 [TOTAL - Orbo 32small
NIOSH 1500 DGo01812 1 200 | 10 [TOTAL - Orbo 32small
NIOSH 1500 DG01813 1 200 | 11 [TOTAL - Orbo 32small
Moisturg 1 500 | 12
Excesy 5000 | 13 |Excess
PUH DG01814 1 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
w| €|z |3
~ |2 Q
: g lglgiglzElelRE |2
> =1 & 12 |5 81z |= | |2 (:—?
2 2 “EIE|XI2|P 2|5 B
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@ Comments
12/27/00
EVENT 19
AIRSENSH DGo1901 TOTAL
THC| DG01902 | X TOTAL
NIOSH 1500 DG01903 1 200 | 1 [TOTAL - Orbo 32small
NIOSH 1500 DG01904 1 200 | 2 [TOTAL - Orbo 32small
NIOSH 1500 DG01905 1 200 | 3 [TOTAL - Orbo 32small
NIOSH 1500 DG01906 1 200 | 4 [TOTAL - Orbo 32small
GAS,CO + COZ DG01907 1 60 5 [Bag sampleto Airtoxics
NIOSH 1500 DG01908 1 200 | 6 |[TOTAL - Orbo 32small
NIOSH 1500 DG01909 1 200 | 7 [TOTAL - Orbo 32small
NIOSH 1500 DG01910 1 200 | 8 [TOTAL - Orbo 32small
NIOSH 1500 DGo1911 1 200 | 9 [TOTAL - Orbo 32small
NIOSH 1500 DG01912 1 200 | 10 [TOTAL - Orbo 32small
NIOSH 1500 DG01913 1 200 | 11 [TOTAL - Orbo 32small
Moisturg 1 500 | 12
Excesy 5000 | 13 |Excess
PUH DG01914 1 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
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@ Comments
12/27/00
EVENT 20
AIRSENSH DG02001 TOTAL
THC| DG02002 | X TOTAL
NIOSH 1500 DG02003 1 200 | 1 [TOTAL - Orbo 32small
NIOSH 1500 DG02004 1 200 | 2 [TOTAL - Orbo 32small
NIOSH 1500 DG02005 1 200 | 3 [TOTAL - Orbo 32small
NIOSH 1500 DG02006 1 200 | 4 [TOTAL - Orbo 32small
GAS,CO + COZ DG02007 1 60 5 [Bag sampleto Airtoxics
NIOSH 1500 DG02008 1 200 | 6 |[TOTAL - Orbo 32small
NIOSH 1500 DG02009 1 200 | 7 [TOTAL - Orbo 32small
NIOSH 1500 DG02010 1 200 | 8 [TOTAL - Orbo 32small
NIOSH 1500 DG02011 1 200 | 9 [TOTAL - Orbo 32small
NIOSH 1500 DG02012 1 200 | 10 [TOTAL - Orbo 32small
NIOSH 1500 DG02013 1 200 | 11 [TOTAL - Orbo 32small
Moisturg 1 500 | 12
Excesy 5000 | 13 |Excess
PUH DG02014 1 35L Port B
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PRE-PRODUCTION DG SERIESSAMPLE PLAN
w | & | |3
~ |2 Q
3 g cl¢lgzElgBE |3
3 = SElg 22752 |2
8 2 B Ixel® T |8
= 23 |2
@ Comments
12/27/00
EVENT 21
AIRSENSH DG02101 TOTAL
THC DG02102 | X TOTAL
NIOSH 1500 DG02103 1 200 | 1 |[TOTAL - Orbo 32small
NIOSH 1500 DG02104 1 200 | 2 |TOTAL - Orbo 32small
NIOSH 1500 DG02105 1 200 | 3 |[TOTAL - Orbo 32small
NIOSH 1500 DG02106 1 200 | 4 |[TOTAL - Orbo 32small
GASCO + COZ DG02107 1 60 5 [Bag sampleto Airtoxics
NIOSH 1500 DG02108 1 200 | 6 |TOTAL - Orbo 32small
NIOSH 1500 DG02109 1 200 | 7 |TOTAL - Orbo 32small
NIOSH 1500 DG02110 1 200 | 8 [TOTAL - Orbo 32small
NIOSH 1500 DGo2111 1 200 | 9 |TOTAL - Orbo 32small
NIOSH 1500 DGo02112 1 200 | 10 [TOTAL - Orbo 32small
NIOSH 1500 DG02113 1 200 | 11 |[TOTAL - Orbo 32small
Moisturdg 1 500 | 12
Excess 5000 | 13 |Excess
PUH DGo02114 1 35L Port B
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TECHNIKON/CERP TEST PLAN

? 7CONTRACT NUMBER: 1256 TASK NUMBER: 110

? 7CONTROL NUMBER: RV 100107

? ?SAMPLE FAMILY: DL

? ?SAMPLE EVENTS: 001 thru 012

? 7?95 TE: X _PRE-PRODUCTION(243) CERP FOUNDRY (238)

? ?TEST TYPE: Delta HA Phenolic No-Bake (20-571 Part |, 23-536 Part 11, 17-727
Part |11

? ?MOLD TYPE: Phenolic Urethane No-Bake I ron System

? ?NUMBER OF MOLDS: __12

? ?CORETYPE: N/A

TEST DATE: START: 11/16/00
FINISH: 1/8/01

TEST OBJECTIVES:

Primary: To measure emissions from No-Bake molds, formulated for use with cast iron, and
manufactured based on protocols developed in capability study CP and CW and compared to the No-
Bake Iron Baseline DG. The Airsense real-time spectrometer & THC analyzer will be used to monitor
the test and sample tubes will be collected for analysis by an outside laboratory.

VARIABLES: Three part No-bakeresin a 1.1 % resin (BOS) in the ratio of 55% Delta-HA
Techniset® 20-571 resin, 45% Delta-HA Techniset® 23-536 co-reactant, and 7% (BOR Part |) Delta-
HA Techniset® 17-727 part |11 activator.

BRIEF OVERVIEW: The molds will be the standard 4-on variable-tooth gear made from Okie 90

silica sand with the above resin system. The molds will be transferred to the Pouring/cooling/shakeout
hooded station used for greensand and core baselines.
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SPECIAL CONDITIONS: A shabeout Bsture, which will promone disintegraion of the no-hake
mold shall be istalled on the shakeout device, Thas tuature swill camry the no-hadee imaolel amd Tecgue
1he pounng basin in the standard pounmg position. Stecl bangers will be implamed in euch cavily s
mromiate separation ol cusiings from the ne bake sand duneg shakeout.

R {L "'-'-I-I;'r ther f-;f ":-_'.-I.l'r...'"._'-.l.."r'-'- .
Process Engineeging Manager [»ate
tTechnike
SN
A : f-7& -0
Y. ¥easurenment ‘l'ecchinlogy Ihate
i Techmnikon)
== "‘lll - _ — .
ey I LLS
V.P. Operations Date
(Technikon)
e s e .
Enuissions Team (U‘?EA B} Daie

[ —— S
." | 3

Process nt'id Facilities Team (LSCAKR)  Daie

T (‘_7/;/&*’ 12/ L/fiﬁ

Praject Maonager {CTC) Date
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Pre-Production Iron Phenolic Urethane
No-Bake Process Instruction - DL

A. Experiment
1. Establish an Iron No-Bake Phenolic Urethane Basdine to which other No-Bake vender
materials will be compared.

B. Materials
1. No-Bakemolds: Okie 90 Silica Sand and 1.1% Delta-HA Techniset® No-Bake
Phenolic-Urethane core resin composed of 20-571 part | resin, 23-536 part |1 co-reactant,
and 17-727 part Il activator. These resins are designed for iron applications.
2. Metd: Class 30 Gray cast iron.
Note: Observe all safety precautions attendant to these operations as delineated in the Pre-
Production operating and safety instruction manual.

C. Mold requirements
1. Make nine (9) Phenolic Urethane No-Bake molds according to standards determined in
CW and CP capability studies.

D. Phenolic Urethane No-Bake Core Sand preparation
1. The Phenolic Urethane No-Bake sand shall be 1.1% total resin (BOS), Part I/Part 11
ration 55/45, Part 111 at 7% of Part I.
2. Cdibrate the Kloster No-Bake sand mixer to dispense 240 pounds/min. more or less.
3. Cadlibrate the resin pumps:
a. Part|: Based on the actual measured sand dispensing rate calibrate the Part |
resin to be 55% of 1.1% total resin or 0.605% +\- .01% (BOS).
b. PartIl: Based on the actual measured sand dispensing rate calibrate the Part |1
co-reactant to be 45% of 1.1% total resin or 0.495% +\- 0.01% of Part I.
E. Dog Bones
1. Make 24 dogbones according to the protocol establish in capability study CW. (Two
(2) 12-piece sets of test dogbones using 12-on core box)
2. Sample the raw uncoated sand from the hopper feeding the core sand mixer, bag, and
label with date, time, and mold number. Send to sand lab for LOI comparison.
Place the core box on the vibrating compaction table.
Start the Kloster mixer and waste a few pounds of sand.
Flood the core box with sand then stop the mixer.
Strike off the core box to ¥z inch deep.
Turn on the vibrating compaction table for 15 seconds.
Screed off most of the excess sand.
9. Screed the core box a second time moving very slowly in aback and forth manner to
remove all excess sand.
Note: It isimportant to neither gouge the sand nor leave excess sand in the center neck portion
of the dogbone or the test results will be affected.

N Ok~ Ww

10. Set aside for about 6-7 minutes or until hard to the touch.
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11. Carefully remove the cores from the core box by separating the corebox components.

12. Place 6 bones in the 90% Rh cabinet.
13. Perform tensile tests on 6 bones at each of the following times after dogbone
manufacture: 30 minutes, 2 hours, 24 hours, and 24 hours @ 90% Rh. Report the average
and standard deviation for each set of six (6) at each time for each mold.
14. Weigh each dogbone and record the weight to the nearest 0.1 grams using the PJ 4000
electronic scale at the time it is tensile tested.

Note: Maintain the correlation between the reported weight of a dogbone and its tensile

strength and scratch hardness.
15. Run a 1400°F core LOI on three (3) of the 30- minute tensile test dogbones. Report the
average value for each mold.
16. Run a 1400°F core LOI on the raw uncoated sand sampled at the same time as the
dogbones are made. Calculate a Core Resin LOI as the difference between the average Core
LOI and raw sand core LOI. Report this value for each mold.

F. No-Bake mold making: 4 on gear core box
1.Inspect the box for cracks and other damage. Repair before use.
2.Prepare the core box halves with alight coating of Ashland Zipdip® IP 78. Allow to fully
dry.
3.Place the drag core box on the vibrating compaction table.
4.Begin filling the box.
5. Immediately start the table vibration.
6. Manually spread the sand around the box asiit is filling.
7. Strike off the box until it is full.
8. Allow the vibrator to run an additional 10 seconds after the box is full.
9. Strike off the core box so that the core mold is 5-1/2 inches thick.
10. Set the core box aside for 5 to 6 minutes or until it is hard to the touch.
11. Invert the box and place on atransport pallet.
12. Remove the pivot hole pins.
13. Remove the core mold half by tapping lightly on the box with a soft hammer.
14. Set the drag core box aside.
15. Place the cope core box on the vibrating compaction table.
16. Follow steps F3-F13 except that the cope mold is 5-inches thick.
17. Rotate the unboxed core to set it on edge.
18. Drill vent holes as per template.
19. Hand trim the pour basin to promote minimum splash and minimum cup volume.
20. Close cope onto drag. Visually check for closure.
21. Install two (2) steel straps, one on either side of the pouring cup, with 4 metal corner
protectors each to hold the mold tightly closed.
22. Weigh and record the weights of the closed mold.

G. Emission hood
1. Loading.
a Hoist the mold onto the shakeout deck fixture within the emission hood with the
pouring cup side toward the furnace.
b. Install the cope-weighting device.
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c. Ingtal a haf inch re-rod casting hangers through the cope into each of the four
riser cavities and suspend them over the horizontal mold retaining bars.

d. Close, sedl, and lock the emission hood.

2. Shakeout.

a. After 45-minutes of cooling time has elapsed turn on the shakeout unit and run
for 15-minutes as prescribed in the emission test plan from pouring.
b. Turn off the shakeout. The emission sampling will continue for an additional 15-
minutes or atotal of 75- minutes.
c. Wait for the emission team to signal that they are finished sampling.
d. Open the hood, remove the castings.
e. Clean core sand out of the pit and off the shakeout.

f.  Waeigh and record cast metal weight.

H. Médting
1. Initial Charge:
a. Charge the furnace according to the Generic Start Up Charge for Pre-Production
heat recipe bearing effectivity date, 18 Mar 1999.
b. Place part of the stedl scrap on the bottom, followed by carbon alloys, and the
balance of the stedl.
c. Placeapig on top.
d. Bring the furnace contents to the point of beginning to melt over a period of 1-
hour at reduced power.
e. Add the balance of the metallics under full power until al is melted and the
temperature has reached 1600 to 2700°F until near ready to tap.
f. Slag the furnace and add the balance of the alloys.
0. Raisethe temperature of the melt to 2700°F and take a DataCast 2000 sample.
The temperature of the primary liquidus (TPL) must be in the range of 2200-2350°F.
h. Hold the furnace at 2500-2550°F until near ready to tap.
I.  When ready to tap raise the temperature to 2700°F and slag the furnace.
j. Record al metallic and alloy additions to the furnace, tap temperature, and pour
temperature. Records all furnace activities with an associated time.
2. Back Charging:
a. If additional iron is desired back charge according to the Generic Pre-production
Last Melt heat recipe bearing effectivity date 18 Mar 1999.
b. Charge afew pieces of stedl first to make a splash barrier, followed b the carbon
aloys.
c. Follow the above steps beginning with H.1.e.
3. Emptying the furnace.
a. Pigthe extrametal only after the last emission measurement is complete to avoid
contaminating the air sample.
b. Cover the empty furnace with ceramic blanket to cool.

|. Pouring
1. Preheat the ladle.
a. Tap 400 pounds more or less of 2700°F metal into the cold ladle.
b. Casualy pour the metal back to the furnace.
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Cover the ladle.
Reheat the metal to 2780 +\- 20°F.
e. Tap 450 pounds more or less into the ladle while pouring inoculating alloys onto
the metal stream near its base.
f. Cover the ladle to conserve heat.
g. Move the ladle to the pour position, open the emission hood pour door and wait
until the metal temperature reaches 2630 +/- 10°F.
h.  Commence pouring, keeping the sprue full.
i.  Upon completion close the hood door, return the extra metal to the furnace, and
cover the ladle.

Qo

Steven Knight
Sr. Process Engineer
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PRE-PRODUCTION DL SERIESSAMPLE PLAN
o €l |3
o |2 Q,
3 g o|8l5|2|20[55 |3
= =3 Tl |ol 3 T x|E i o
3 ) o SRR =1 5 2
H* D c =,
< 1815 |2
® Comments
11/16/00 No-Bake Iron, 1.1% Resin
EVENT 1
AIRSENSE DpL00101 | X TOTAL
THC| DL00102 | X M-25a
M-18| DL00103 1 25 TOTAL
M-18| DL00104 1 25 TOTAL
M-18 DL00105 1 0 Manifold Blank (M-18)
M-18 by MS (Quant)| DL00106 1 25 3 [TOTAL
M-18 by MS (Quant)] DL00107 1 25 4  [TOTAL
M-18 by MS (Quant)] DL00108 1 0 Manifold Blank (M-18 by MS)
Excess 25 5 excess
NIOSH 1500 (long list)] DL00109 1 500 6  |TOTAL Orbo 32L
NIOSH 1500 (long list)] pL00110 1 500 TOTAL Orbo 32L
NIOSH 1500 (long list)] DL00111 1 0 Manifold Blank (Orbo 32L)
NIOSH 2002 DpL00112 1 500 TOTAL (SKC 226-15)
NIOSH 2002 DL00113 1 500 TOTAL (SKC 226-15)
NIOSH 2002| DL00114 1 0 Manifold Blank (SKC 226-15)
TO11| DLO00115 1 1000 10 |TOTAL
TO1l DLOO116 1 1000 1 |[TOTAL
TO11l| DLO0117 1 0 Manifold Blank
Moisture 1 500 12
Excess 5000 13 |excess
PUF| DL00118 1 35L Port B
CRADA PROTECTED DOCUMENT 50 of 102



TECHNIKON# RE100102DL

26 April 2001
o €l |3
~|Q Q
3 : ol#5|=\8lg|5l2 |2
2 s 31251825512 |2
2 2 o 1z7121°512 |3
S (Bl |2
® Comments
11/16/00
EVENT 2
AIRSENSH DL00201 | X TOTAL
THC| DL00202 | X M-25a
M-18 DL00203 1 25 1 |TOTAL
M-18| DL00204 1 25 1 |TOTAL
M-18| DL00205 1 25 2 |TOTAL
M-18 DL00206 1 25 2 |TOTAL
M-18 by M S (Quant)] DL00207 1 25 3  |TOTAL
M-18 by MS (Quant)| DL00208 1 25 3 [TOTAL
M-18 by MS (Quant), DL00209 1 25 4 |TOTAL
M-18 by M S (Quant)] DL00210 1 25 4 |TOTAL
EXCESS 25 5 Excess
NIOSH 1500 (long list)) DL00211 1 500 6 |TOTAL Orbo 32L
EXCESS 500 7  |Excess
NIOSH 2002 DL00212 1 500 8 |TOTAL (SKC 226-15)
EXCESS 500 9  |Excess
TO11l| DLO0213 1 1000 10 |TOTAL
TO1l1] DLO00214 1 1000 10 |TOTAL
EXCESS 1000 11  |Excess
Moisture 1 500 12
Excess 5000 13 |Excess
PUF| DL00215 1 35L Port B
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PRE-PRODUCTION DL SERIESSAMPLE PLAN
o €z |3
O x| 2 |
: I
3 = |S|g|= =52 |2
S ® o727 (5|3 |3
S B2 |2
® Comments
11/17/00 No-Bake Iron, 1.1% Resin
EVENT 3
AIRSENSH DL00301| X TOTAL
THC| DL00302| X M-25a
M-18| DL 00303 1 25 | 1 |[TOTAL
M-18| DL00304 1 25 | 2 [TOTAL
M-18 by MS (Quant)| DL 00305 1 25 | 3 [TOTAL
M-18 by MS (Quant)| DL00306 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 (long list)| bL00307 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002| bL 00308 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO11| DL00309 1 1000( 10 [TOTAL
EXCESS 1000| 11 |Excess
Moisturg) 1 500 | 12
Excess 5000| 13 |Excess
PUF| DL00310 1 35L Port B
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Comments
11/17/00 No-Bake Iron, 1.1% Resin
EVENT 4
AIRSENSHE DL00401 | X TOTAL
THC| DL00402 | X M-25a
M-18| DL 00403 1 25 | 1 |TOTAL
M-18| DL00404 1 25 | 2 [TOTAL
M-18 by M'S (Quant)| DL 00405 1 25 | 3 |TOTAL
M-18 by M S (Quant)| bL 00406 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 (long list)| bL00407 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002 bL 00408 1 500 | 8 [TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO11| DL00409 1 1000( 10 [TOTAL
EXCESS 1000| 11 |Excess
Moisture 1 500 | 12
Excess 5000| 13 |Excess
PUF| bDL00410 1 35L Port B
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PRE-PRODUCTION DL SERIESSAMPLE PLAN
o |&|ln |3
O |2 |
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® Comments
11/17/00 No-Bake Iron, 1.1% Resin
EVENT 5
AIRSENSHE DL00501| X TOTAL
THC|DL00502| X M-25a
M-18| DL 00503 1 25 | 1 |TOTAL
M-18| DL 00504 1 25| 2 [TOTAL
M-18 by M S (Quant)| DL00505 1 25 | 3 |[TOTAL
M-18 by MS (Quant)| DL00506 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 (long list){ DL00507 1 500 | 6 [TOTAL Orbo 32L
EXCESS 500 | 7 |Excess
NIOSH 2002| bL00508 1 500 | 8 |[TOTAL (SKC 226-15)
EXCESS 500 | 9 |Excess
TO11| DL 00509 1 1000| 10 [TOTAL
EXCESS 1000| 11 [Excess
Moisture 1 500 | 12
Excess 5000| 13 |Excess
PUF|DL00510 1 35L Port B
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® Comments
11/27/00
EVENT 6
AIRSENSHE DL00601| X TOTAL
THC|DL00602| X M-25a
M-18| DL 00603 1 25 | 1 |[TOTAL
M-18| DL 00604 1 25 | 2 [TOTAL
M-18 by M S (Quant)| DL00605 1 25 | 3 [TOTAL
M-18 by MS (Quant)| DL00606 1 25 | 4 [TOTAL
Excess 25 | 5 |excess
NIOSH 1500 (long list)| bL00607 1 500 | 6 [TOTAL Orbo 32L
NIOSH 1500 (long list)| bLoo608 1 500| 7 [TOTAL Orbo 32L
NIOSH 2002| bL.00609 1 500 | 8 [TOTAL (SKC 226-15)
NIOSH 2002|bL00610 1 500 | 9 [TOTAL (SKC 226-15)
TO11|pLoo611 1 1000| 10 [TOTAL
TO11|DpL00612 1 1000| 11 [TOTAL
Moisture 1 500 | 12
Excess 5000| 13 |excess
PUF| DL 00613 1 35L Port B
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PRE-PRODUCTION DL SERIESSAMPLE PLAN
ol |€1|Z
) ~| 2 |
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2 o 52|18 |2(313|8|5 |3
= W “1ZIT I8 |E
S| (B2 |8
@ Comments
11/27/00
EVENT 7
AIRSENSE DL00701| X TOTAL
THC|DL00702| X M-25a
M-18|DL00703 1 25| 1 |[TOTAL
M-18| DL 00704 1 25| 2 [TOTAL
M-18 by M S (Quant)| DL00705 1 25 | 3 [TOTAL
M-18 by M S (Quant)| bL00706 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 (long list)| DL00707 1 500| 6 [TOTAL Orbo 32L
EXCESS 500| 7 |Excess
NIOSH 2002| pL00708 1 500| 8 [TOTAL (SKC 226-15)
EXCESS 500| 9 |Excess
TO11|DL00709 1 1000 10 [TOTAL
EXCESS 1000| 11 |Excess
Moisture 1 500 12
Excess 5000| 13 |[Excess
PUF|DL00710 1 35L Port B
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PRE-PRODUCTION DL SERIESSAMPLE PLAN
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® Comments
11/27/00
EVENT 8
AIRSENSE DL00801| X TOTAL
THC|DL00802| X M-25a
M-18|pL00803 1 25 | 1 |TOTAL
M-18|DL00804 1 25 | 2 [TOTAL
M-18 by M S (Quant)|pL00805 1 25 | 3 [TOTAL
M-18 by MS (Quant)|DL 00806 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 (long list)|pL00807 1 500| 6 [TOTAL Orbo 32L
EXCESS 500| 7 |Excess
NIOSH 2002|pL00808 1 500| 8 |TOTAL (SKC 226-15)
EXCESS 500| 9 |Excess
TO11{DL00809 1 1000/ 10 [TOTAL
EXCESS 1000| 11 |Excess
Moisture) 1 500 | 12
Excess 5000| 13 |Excess
PUF|DL00810 1 35L Port B
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PRE-PRODUCTION DL SERIESSAMPLE PLAN
o & |3
= | Q
: g Isl8|E=Eg|3)E I3
3 s B2|5|121E2|5I512 |5
& 3 *15 e I5|E |2
< |83 (3
@ Comments
11/27/00
EVENT 9
AIRSENSE|DL00901| X TOTAL
THC|DL00902| X M-25a
M-18|pL.00903 1 25| 1 [TOTAL
M-18|DL 00904 1 25 | 2 |[TOTAL
M-18 by M S (Quant)|DL 00905 1 25 | 3 |TOTAL
M-18 by M S (Quant)|DL00906 1 25 | 4 [TOTAL
EXCESS 25 | 5 |Excess
NIOSH 1500 (long list)|pL0o0907 1 500| 6 |[TOTAL Orbo 32L
EXCESS 500| 7 |Excess
NIOSH 2002(pL00908 1 500| 8 |[TOTAL (SKC 226-15)
EXCESS 500| 9 |Excess
TO11|DL00909 1 1000| 10 [TOTAL
EXCESS 1000| 11 |Excess
Moisture) 1 500 | 12
Excess 5000| 13 |Excess
PUF|DL00910 1 35L Port B
M-18|pL00911 X 25 BOTTLE - Mix 1A
M-18|DL00912 X 25 BOTTLE - Mix 1A
TO11|pL00913 X 500 BOTTLE - Mix 2
TO11|pL00914 X 500 BOTTLE - Mix 2
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PRE-PRODUCTION DL SERIESSAMPLE PLAN
o |&|ln |3
o |2 [«
: S lslglslzRleB: |2
= =1 Slelal2I3(FIS|2 |=
2 ® o|2[x|2|®|2|5 |5
< B85 |3
® Comments
1/8/01
EVENT 10
AIRSENSE DL01001 TOTAL
THC|DL01002| X M-25a
M-18| DL 01003 1 25 | 1 [TOTAL
M-18| DL 01004 1 25 | 2 [TOTAL
M-18 by MS (Quant)| DL01005 1 25 | 3 |TOTAL
EXCESS 60 | 4 [TOTAL
GAS,CO + CO2 DL01006 1 60 | 5 [BAG Sampleto Airtoxics Lab.
NIOSH 1500 (long list)| DL01007 1 500 | 6 [TOTAL Orbo 32L
NIOSH 1500 (long list)| bL01008 1 500 | 7 |[TOTAL Orbo 32L
M-18 by MS (Quant)| DL01009 1 25 | 8 |TOTAL
EXCESS 25 | 9 [TOTAL
EXCESS 200 | 10 [Excess
EXCESS 200 | 11 |Excess
Moisture 1 500 | 12
Excess 5000| 13 |Excess
PUF|DL01010 1 15L Port B
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PRE-PRODUCTION DL SERIESSAMPLE PLAN
o €z |3
O x| |
: L |glgle|2 2|3 |2
> =1 Tlos o3| |FIS|2 | =
8 o g IR EERE
H* @ = =
s |83 |3
® Comments
1/8/01
EVENT 11
AIRSENSHE bpL01101 TOTAL
THC| DLO1102| X M-25a
M-18| DL01103 1 25 | 1 |[TOTAL
M-18| DL01104 1 25 | 2 [TOTAL
M-18 by MS (Quant)| bL01105 1 25 | 3 |TOTAL
EXCESS 60 | 4 [TOTAL
GAS,CO + CO2 DL01106 1 60 | 5 [BAG Sampleto Airtoxics Lab.
NIOSH 1500 (long list)| pL0o1107 1 500 | 6 [TOTAL Orbo 32L
NIOSH 1500 (long list)| pL01108 1 500 | 7 [TOTAL Orbo 32L
M-18 by MS (Quant)| DL01109 1 25 | 8 |TOTAL
EXCESS 25 | 9 [TOTAL
EXCESS 200 | 10 |Excess
EXCESS 200 | 11 |Excess
Moisture 1 500 | 12
Excess 5000| 13 |Excess
PUF| DL01110 1 15L Port B
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w| (€n |
w) ~|2 |o
=
5 Y o852 Rg|3]Z |2
® =85z |3 |9
> =3 S = | = = |
o ® s .& ~lo|®|E S5 |8
T+ o c ol=2 |3
Q (5 |2
Comments
1/8/01
EVENT 12

AIRSENSE DL01201 TOTAL

THC| DL01202| X M-25a

M-18| bL01203 1 25 | 1 [TOTAL

M-18| bL01204 1 25 | 2 [TOTAL

M-18 by M S (Quant)| bL01205 1 25 | 3 [TOTAL

EXCESS 60 | 4 [TOTAL

GAS,CO + CO2| DL01206 1 60 | 5 |BAG Sampleto Airtoxics Lab.
NIOSH 1500 (long list)| bL01207 1 500 | 6 [TOTAL Orbo 32L
NIOSH 1500 (long list)| bL01208 1 500 | 7 |TOTAL Orbo 32L

M-18 by M S (Quant)| DL01209 1 25 | 8 [TOTAL

EXCESS 25 | 9 [TOTAL

EXCESS 200 | 10 |Excess

EXCESS 200 | 11 |Excess
Moisture 1 500 | 12

Excess 5000| 13 |Excess

PUF| DL01210 1 15L Port B
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Appendix B
Test SeriesDG and DL
Detailed Results
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26 April 2001
Test Plan DG Individual Test Results—Lb/Tn Metal
oln
% % COMPOUND / SAMPLE
a|T NUMBER DGO005 | DGO006 | DGO07 | DGO08 DGO009 | DGO010 | DGO11 | DGO12 | DG013 |AVERAGE STDEV
Pour Date 11/14/00 | 11/14/00 | 11/14/00 | 11/15/00 | 11/15/00 | 11/15/00 | 11/15/00 | 11/16/00 | 11/16/00
THC as Propane 1.25E+01 | 1.09E+01 | 1.35E+01 | 1.26E+01 | 1.23E+01 | 1.23E+01 | 1.17E+01 | 1.15E+01| 1.22E+01 | 7.85E-01
HC as Hexane 1.06E+01 | 9.92E+00 | 1.27E+01 | 1.16E+01| 1.10E+01 | 1.14E+01 | 1.10E+01 I 1.07E+01| 1.11E+01 | 8.21E-01
Sum of VOCs 4,08E+00 | 3.95E+00 | 4.83E+00 | 3.33E+00| 4.40E+00 | 4.62E+00 | 3.49E+00 I 3.80E+00| 4.06E+00 | 5.28E-01
Sum of HAPs 1.80E+00 | 2.01E+00 | 2.28E+00 | 1.72E+00| 2.28E+00 | 2.10E+00 | 1.93E+00 | 1.88E+00| 2.00E+00 | 2.09E-01
Sum of POMs 1.11E-01| 9.14E-02| 1.13E-01 | 8.12E-02 | 1.24E-01 | 1.31E-01 | 8.32E-02 I 9.43E-02 | 1.04E-01 | 1.89E-02
Individual HAPs and VOCs
z |Phenol 7.56E-01 [ 1.01E+00 | 1.10E+00| 8.32E-01 | 1.13E+00 | 9.46E-01 | 9.39E-01 I 8.34E-01| 9.42E-01 | 1.32E-01
Z |m,p-Cresol 4.53E-01 | 4.10E-01 | 5.25E-01 | 3.47E-01 | 4.97E-01 | 5.10E-01 | 4.17E-01 I 4.78E-01 | 4.55E-01 | 6.02E-02
z |Benzene 2.85E-01 | 2.86E-01 | 2.71E-01 | 3.10E-01 | 3.10E-01 | 3.18E-01 | 3.14E-01 I 2.94E-01| 2.99E-01 | 1.68E-02
z |Toluene 5.12E-02 | 5.02E-02 | 6.53E-02 | 5.33E-02 | 5.65E-02 | 5.78E-02 | 5.84E-02 I 5.17E-02 | 5.56E-02 | 5.02E-03
x | z|1,2-Dimethylnaphthalene 4.80E-02 | 4.35E-02 | 4.80E-02 | 3.85E-02 | 5.31E-02 | 5.57E-02 | 3.75E-02 I 4.23E-02 | 4.58E-02 [ 6.55E-03
z |o-Cresol 3.56E-02 | 6.83E-02 | 8.54E-02| 1.31E-02 | 5.46E-02 | 6.11E-02 | 2.74E-02 | 2.05E-02| 4.58E-02 | 2.55E-02
Z |m,p-Xylene 2.27E-02 | 2.20E-02 | 2.77E-02 | 2.14E-02 | 2.31E-02 | 2.55E-02 | 2.33E-02 I 2.13E-02 | 2.34E-02 | 2.20E-03
z |Formaldehyde 3.17E-02 | 2.03E-02 | 2.47E-02| 1.37E-02 | 2.65E-02 | 9.42E-03 | 9.66E-03 I 2.83E-02| 2.05E-02 | 8.67E-03
X | z|1,5-Dimethylnaphthalene 1.98E-02 | 1.66E-02 | 2.05E-02 | 1.34E-02 | 2.22E-02 | 2.42E-02 | 1.52E-02 I 1.62E-02| 1.85E-02 | 3.72E-03
z |Aniline 1.57E-02| 1.94E-02| 2.46E-02 | 1.57E-02 | 1.64E-02 I 1.88E-02 I 1.89E-02| 1.85E-02 | 3.13E-03
z |Styrene 1.40E-02| 1.38E-02| 1.58E-02| 1.26E-02 | 1.48E-02 | 1.52E-02 | 1.47E-02 I 1.32E-02| 1.43E-02 | 1.05E-03
z |1,3-Dimethylnaphthalene 1.41E-02| 1.26E-02 | 1.46E-02 | 1.04E-02 | 1.63E-02 | 1.69E-02 | 1.07E-02 I 1.20E-02| 1.35E-02 | 2.45E-03
z |2-Methylnaphthalene 1.25E-02| 1.10E-02| 1.26E-02 | 9.23E-03 | 1.40E-02 | 1.39E-02 | 9.27E-03 I 1.06E-02| 1.16E-02 | 1.90E-03
z |o-Xylene 7.78E-03 | 7.42E-03 | 9.23E-03| 7.41E-03 | 8.12E-03 | 8.75E-03 | 8.07E-03 | 7.42E-03| 8.03E-03 | 6.71E-04
x | z [1-Methylnaphthalene 6.69E-03 | 5.84E-03 | 6.94E-03 | 5.13E-03 | 7.90E-03 | 8.06E-03 | 5.28E-03 I 5.85E-03| 6.46E-03 [ 1.12E-03
z |Ethylbenzene 5.76E-03 | 5.97E-03 | 5.87E-03| 5.03E-03 | 6.78E-03 | 7.40E-03 | 6.46E-03 I 5.33E-03| 6.07E-03 | 7.76E-04
X | z|1,6-Dimethylnaphthalene 6.37E-03 ND 7.00E-03 | 4.48E-03 | 7.12E-03 | 8.10E-03 | 5.20E-03 I 5.34E-03| 5.45E-03 | 2.50E-03
z |Biphenyl 4.88E-03 | 4.01E-03 | 4.78E-03 | 3.53E-03 | 5.17E-03 | 5.31E-03 | 3.53E-03 I 3.95E-03| 4.40E-03 | 7.23E-04
z |Acetaldehyde | 3.84E-03 | 3.27E-03 | 3.68E-03 | 6.77E-03 | 2.89E-03 | 2.70E-03 I 5.38E-03| 4.08E-03 | 1.48E-03
X | z|2,3-Dimethylnaphthalene 3.22E-03 | 1.80E-03 | 3.63E-03 ND 3.82E-03 | 4.28E-03 ND I 1.88E-03| 2.33E-03 | 1.68E-03
z |Acrolein 1.12E-03 | 8.85E-04 | 1.38E-03 | 7.09E-04 | 1.08E-03 | 3.94E-04 | 5.56E-04 I 1.28E-03| 9.25E-04 | 3.51E-04
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Test Plan DG Individual Test Results— Lb/Tn Metal
oln
% % COMPOUND / SAMPLE
a|T NUMBER DGO005 | DG006 | DG007 | DG008 DGO009 | DGO010 | DGO11 | DGO12 | DG013 |AVERAGE STDEV
Pour Date 11/14/00 | 11/14/00 | 11/14/00 | 11/15/00 | 11/15/00 | 11/15/00 | 11/15/00 | 11/16/00 | 11/16/00
z |Propionaldehyde | 7.83E-04 | 8.34E-04 | 6.44E-04 | 1.01E-03 | 5.11E-04 | 4.95E-04 I 8.80E-04 | 7.37E-04 | 1.93E-04
z |2-Butanone ND 1.82E-04 | 6.86E-04 | 5.93E-04 ND 9.42E-04 I I ND 3.43E-04 | 3.91E-04
z |Hexane 2.35E-03 ND ND ND ND ND ND I ND 2.93E-04 | 8.30E-04
X | z|1,8-Dimethylnaphthalene ND ND ND ND ND ND ND I ND N/A N/A
X | z12,3,5-Trimethylnaphthalene ND ND ND ND ND ND ND I ND N/A N/A
X | z [2,6-Dimethylnaphthalene ND ND ND ND ND ND ND | ND N/A N/A
X | z |2,7-Dimethylnaphthalene ND ND ND ND ND ND ND | ND N/A N/A
z |Cumene ND ND ND ND ND ND ND I ND N/A N/A
X | z |Naphthalene ND ND ND ND ND ND ND I ND N/A N/A
z |N,N-Dimethylaniline | I | I I I I I | N/A N/A
2,6-Dimethylphenal 1.11E+00| 1.01E+00 | 1.28E+00 [ 9.58E-01 | 1.13E+00 | 1.15E+00 | 9.20E-01 I 9.66E-01 | 1.07E+00 | 1.24E-01
1,2-Diethylbenzene 4.40E-01 | 2.36E-01 | 5.65E-01 | 7.77E-03 | 2.60E-01 | 5.24E-01 | 7.68E-03 | 2.57E-01| 2.87E-01 | 2.13E-01
1,2,3-Trimethylbenzene 1.51E-01| 1.39E-01 | 1.69E-01 | 1.30E-01 | 1.51E-01 | 1.46E-01 | 1.24E-01 I 1.26E-01| 1.42E-01 | 1.52E-Q02
Tetradecane 9.51E-02 | 1.72E-01 | 1.86E-01 | 1.53E-01 | 1.03E-01 | 1.05E-01 | 1.44E-01 I 1.67E-01| 1.41E-01 | 3.52E-02
| sobutylbenzene 1.44E-01| 1.31E-01| 6.73E-02 | 6.48E-02 | 1.52E-01 | 1.52E-01 | 1.32E-01 I 7.68E-02 | 1.15E-01 | 3.85E-02
Dodecane 5.72E-02 | 5.09E-02 | 6.27E-02 | 5.29E-02 | 7.02E-02 | 7.22E-02 | 5.32E-02 I 5.78E-02 | 5.96E-02 | 8.01E-03
Indan 5.68E-02 | 5.35E-02 | 6.73E-02 | 5.28E-02 | 5.87E-02 | 6.10E-02 | 5.24E-02 I 5.07E-02| 5.67E-02 | 5.55E-03
1,2,4-Trimethylbenzene 4.02E-02 | 3.75E-02 | 4.64E-02 | 3.67E-02 | 4.57E-02 | 4.68E-02 | 4.08E-02 I 4.04E-02 | 4.18E-02 | 4.00E-03
Undecane 3.38E-02 | 2.82E-02 | 3.83E-02| 2.95E-02 | 3.46E-02 | 4.04E-02 | 3.00E-02 I 3.13E-02| 3.33E-02 | 4.34E-03
1,3,5-Trimethylbenzene 5.51E-02 ND ND 2.55E-02 ND 1.32E-01 ND | 4.51E-02 | 3.23E-02 [ 4.61E-02
Indene 3.84E-02 | 3.60E-02 | 2.07E-02 | 1.24E-02 | 3.89E-02 | 2.17E-02 | 2.76E-02 I 2.62E-02 | 2.77E-02 | 9.49E-03
Butyraldehyde/M ethacrolien| 3.14E-02 | 2.21E-02 I 1.82E-02 | 1.93E-02 | 1.74E-02 | 1.38E-02 I 2.62E-02| 2.12E-02 | 5.94E-03
1,3-Diethylbenzene ND ND 1.35E-02 | 4.64E-02 ND 1.34E-02 ND I 2.15E-02| 1.19E-02 | 1.63E-02
1,3-Diisopropylbenzene 9.80E-03 | 4.29E-03 | 9.29E-03 | 8.11E-03 | 9.21E-03 | 9.49E-03 | 8.42E-03 I 8.10E-03| 8.34E-03 | 1.76E-03
Tridecane 6.87E-03 | 7.66E-03 | 6.97E-03 | 5.53E-03 | 8.30E-03 | 7.95E-03 | 5.37E-03 I 6.27E-03| 6.86E-03 | 1.09E-03
2-Ethyltoluene 3.61E-03 | 5.13E-03 | 9.52E-03 | 3.12E-03 | 1.07E-02 | 6.65E-03 | 4.01E-03 I 5.78E-03 | 6.06E-03 | 2.76E-03
Benzaldehyde 5.63E-03 | 4.09E-03 | 5.84E-03| 2.99E-03 | 4.62E-03 | 2.66E-03 | 2.52E-03 I 5.42E-03| 4.22E-03 | 1.37E-03
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Test Plan DG Individual Test Results—Lb/Tn Metal

nly

% %| COMPOUND/SAMPLE

alT NUMBER DGO005 | DG006 | DG007 | DGO08 | DGO09 | DG010 | DGO11 | DG012 | DG013 [AVERAGE STDEV
Pour Date 11/14/00 | 11/14/00 | 11/14/00 | 11/15/00 | 11/15/00 | 11/15/00 | 11/15/00 | 11/16/00 | 11/16/00
o,m,p-Tolualdehyde 4.16E-03 | 2.96E-03 | 3.42E-03 | 1.96E-03 | 3.46E-03 | 1.71E-03 | 1.62E-03 [ 3.65E-03 | 2.87E-03 | 9.75E-04
Decane ND ND ND ND 1.11E-02 ND ND [ ND 1.38E-03 | 3.91E-03
sec-Butylbenzene ND ND ND ND 3.02E-03 | 2.93E-03| ND [ 1.49E-03| 9.30E-04 | 1.36E-03
Pentanal ND ND |7.92E-04| ND 3.28E-03 | 2.75E-04| ND [ ND 5.44E-04 | 1.14E-03
2,4-Dimethylphenol ND ND ND ND ND ND ND [ ND N/A N/A
1,4-Diethylbenzene ND ND ND ND ND ND ND [ ND N/A N/A
2,3,5-Trimethylphenol ND ND ND ND ND ND ND [ ND N/A N/A
2,3-Dimethylphenol ND ND ND ND ND ND ND [ ND N/A N/A
2,4,6-Trimethylphenol ND ND ND ND ND ND ND [ ND N/A N/A
2,5-Dimethylphenol ND ND ND ND ND ND ND [ ND N/A N/A
3,4-Dimethylphenol ND ND ND ND ND ND ND [ ND N/A N/A
3,5-Dimethylphenol ND ND ND ND ND ND ND [ ND N/A N/A
3-Ethyltoluene ND ND ND ND ND ND ND [ ND N/A N/A
4-Ethyltoluene ND ND ND ND ND ND ND [ ND N/A N/A

x| |Acenaphthalene ND ND ND ND ND ND ND [ ND N/A N/A
a-Methylstyrene ND ND ND ND ND ND ND [ ND N/A N/A
Anthracene ND ND ND ND ND ND ND [ ND N/A N/A
Butylbenzene ND ND ND ND ND ND ND [ ND N/A N/A
Crotonaldehyde ND ND ND ND ND ND | [ ND N/A N/A
Cyclohexane ND ND ND ND ND ND ND [ ND N/A N/A
Heptane ND ND ND ND ND ND ND [ ND N/A N/A
Hexaldehyde ND ND ND ND ND ND ND [ ND N/A N/A
Nonane ND ND ND ND ND ND ND [ ND N/A N/A
n-Propylbenzene ND ND ND ND ND ND ND [ ND N/A N/A
Octane ND ND ND ND ND ND ND [ ND N/A N/A
p-Cymene ND ND ND ND ND ND ND [ ND N/A N/A
tert-Butylbenzene ND ND ND ND ND ND ND [ ND N/A N/A
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Test Plan DG Individual Test Results—Lb/Tn Metal

oln
g % COMPOUND / SAMPLE
afT NUMBER DGO005 | DG006 | DG007 | DG008 DGO009 | DGO010 | DGO11 | DGO12 | DG013 |AVERAGE STDEV
Pour Date 11/14/00 | 11/14/00 | 11/14/00 | 11/15/00 | 11/15/00 | 11/15/00 | 11/15/00 | 11/16/00 | 11/16/00
Other Analytes
Acetone | 1.24E-03 | 5.64E-04 | 1.72E-03 | 1.77E-03 | 1.70E-03 | 1.52E-03 I 1.45E-03| 1.42E-03 | 4.21E-04
Condensables NT 8.85E-01 I 7.87E-01 | 8.08E-01 | 9.10E-01 | 6.73E-01 | 7.12E-01 | 8.26E-01 [ 8.00E-01 | 8.56E-02
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Test Plan DG Individual Test Results—Lb/Tn Metal
COMPOUND / SAMPLE NUMBER DG018 DGO019 DG020 DG021 AVERAGE STDEV
Pour Date 12/27/00 12/27/00 12/27/00 12/27/00
Other Analytes (continued)

Carbon Monoxide 3.74E+00 4.71E+00 4.27E+00 4.02E+00 4.18E+00 4.13E-01
M ethane 5.50E-01 6.40E-01 6.52E-01 5.17E-01 5.90E-01 6.63E-02
Carbon Dioxide 6.05E+01 6.11E+01 6.14E+01 5.42E+01 5.93E+01 3.40E+00
Ethane ND ND ND ND N/A N/A
Propane ND ND ND ND N/A N/A
| sobutane ND ND ND ND N/A N/A
Butane ND ND ND ND N/A N/A
Neopentane ND ND ND ND N/A N/A
| sopentane ND ND ND ND N/A N/A
Pentane ND ND ND ND N/A N/A
I: Data wasrejected based on data validation consider ations.
All " Other Analytes' arenot included in the sum of HAPs or VOCs.
N/A: Not Applicable; NT: Not Tested
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Test Plan DL Individual Test Results— Lb/Tn Metal
s|a
8 ; COMPOUND / SAMPLE
NUMBER DLOO1 | DL0O0O2 | DL003 | DL004 | DL0OO5 | DL0O06 | DL007 | DL008 | DL0O09 | DL010|DL011|DL012| Average | STDEV
Pour Dates 11/16/00(11/16/00 | 11/17/00 | 11/17/00 |11/17/00 | 11/27/00 | 11/27/00 | 11/27/00 (11/27/00| 1/8/00 | 1/8/00 | 1/8/00
TGOM (THC) as Propane 5.51E+00 | 5.65E+00 I I 4.94E+00 | 7.04E+00 | 7.57E+00 | 6.71E+00 I 4.02E+00| 4.41E+00|4.08E+00| 5.55E+00 | 1.32E+00
HC asHexane 3.52E+00 | 3.41E+00 I 353E+00 | 3.18E+00 | 3.72E+00 | 4.09E+00 | 3.94E+00 I NT NT NT 3.63E+00 | 3.11E-01
Sum of VOCs 1.50E+00 | 1.64E+00 I 1.67E+00 | 1.63E+00 | 1.70E+00 | 1.78E+00 | 1.57E+00 I NT NT NT 164E+00 | 9.01E-02
Sum of HAPs 1.33E+00 | 1.43E+00 I 147E+00 | 1.43E+00 | 1.51E+00 | 1.56E+00 | 1.40E+00 I NT NT NT 1.45E+00 | 7.59E-02
Sum of POMs 7.68E-02 | 8.43E-02 I 101E-01 | 1.00E-01 | 9.41E-02 | 9.98E-02 | 8.44E-02 I NT NT NT 9.15E-02 | 9.63E-03
Individual HAPsand VOCs
X__|Phenal 7.39E-01 | 8.34E-01 I 8.43E-01 | 8.36E-01 | 9.02E-01 | 9.37E-01 | 8.06E-01 I NT NT NT 843E-01 | 6.42E-02
X _|Benzene 2.75E-01 | 2.81E-01 I 270E-01 | 2.63E-01 | 257E-01 | 2.68E-01 | 2.51E-01 I NT NT NT 2.66E-01 1.04E-02
X_|m,p-Cresol 9.12E-02 | 9.73E-02 I 100E-01 | 954E-02 | 1.06E-01 | 1.10E-01 | 1.02E-01 I NT NT NT 100E-01 | 6.37E-03
z |x |Naphthalene 7.43E-02 | 8.21E-02 I 9.79E-02 | 9.78E-02 | 9.15E-02 | 9.73E-02 | 8.24E-02 I NT NT NT 890E-02 | 9.49E-03
X_|Toluene 4.15E-02 | 4.30E-02 I 459E-02 | 4.35E-02 | 459E-02 | 4.43E-02 | 4.08E-02 I NT NT NT 4.35E-02 1.99E-03
X_|Aniline 2.92E-02 | 2.82E-02 I 3.19E-02 | 248E-02 | 250E-02 | 2.90E-02 | 2.88E-02 I NT NT NT 2.81E-02 | 250E-03
X _|Formaldehyde 2.45E-02 [ I 2.01E-02 | 2.39E-02 | 2.23E-02 | 2.65E-02 | 2.80E-02 I NT NT NT 242E-02 | 2.84E-03
X__|m,p-Xylene 9.43E-03 | 9.73E-03 I 108E-02 | 1.07E-02 | 1.11E-02 | 1.09E-02 | 9.91E-03 I NT NT NT 104E-02 | 655E-04
X_[Styrene 9.14E-03 | 9.22E-03 I 1.04E-02 | 1.02E-02 | 9.60E-03 | 1.01E-02 | 8.96E-03 I NT NT NT 9.66E-03 | 5.78E-04
X _|Hexane 7.38E-03 | 7.77E-03 I 9.80E-03 | 8.23E-03 | 1.13E-02 | 8.23E-03 | 1.12E-02 I NT NT NT 9.12E-03 | 161E-03
X__|Acetaldehyde 5.15E-03 | 121E-02 I 9.19E-03 | 9.19E-04 | 847E-03 | 845E-04 | 1.00E-02 I NT NT NT 6.67E-03 | 4.46E-03
X_[o-Xylene 4.63E-03 | 4.67E-03 I 5.20E-03 | 4.94E-03 | 421E-03 | 5.14E-03 | 3.80E-03 I NT NT NT 465E-03 | 5.06E-04
X__|Ethylbenzene 3.89E-03 | 4.20E-03 I 435E-03 | 415E-03 | 4.39E-03 | 4.45E-03 | 4.02E-03 I NT NT NT 421E-03 | 2.05E-04
X__|Acrolein 3.43E-03 | 4.16E-03 I 2.32E-03 | 3.68E-03 | 2.46E-03 | 3.86E-03 | 3.12E-03 I NT NT NT 329E-03 | 6.97E-04
X__|Propionaldehyde 2.09E-03 | 4.88E-03 I 3.85E-03 | 4.56E-04 | 357E-03 | 3.77E-04 | 3.92E-03 I NT NT NT 273E-03 | 1.78E-03
X _|Biphenyl 1.39E-03 | 1.67E-03 | 341E-03 | 3.64E-03 | 296E-03 | 3.06E-03 | 1.37E-03 | NT NT NT 2.50E-03 9.88E-04
X _|o-Cresol 5.79E-03 | 5.45E-03 I ND ND ND ND ND I NT NT NT 161E-03 | 274E-03
z |x_|2-Methylnaphthalene 1.26E-03 | 1.29-03 I 1.35E-03 | 1.45E-03 | 1.46E-03 | 1.48E-03 | 1.19E-03 I NT NT NT 136E-03 | 1.12E-04
z _[x_[1-Methylnaphthalene 9.35E-04 | 9.76E-04 I 111E-03 | 1.17E-03 | 1.11E-03 | 1.06E-03 | 8.85E-04 I NT NT NT 104E-03 | 1.05E-04
Z_|x_|1,3-Dimethylnaphthalene 3.06E-04 ND I 2.86E-04 ND ND ND ND I NT NT NT 8.46E-05 | 1.45E-04
z_|x_|1.2-Dimethylnaphthalene ND ND I ND ND ND ND ND I NT NT NT NA NA
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1 Test Plan DL Individual Test Results— Lb/Tn Metal
s (&
8 % COMPOUND / SAMPLE
NUMBER DL001 | DL002 | DL0O03 | DL0O04 | DLOO5 | DL006 | DL0OO7 [ DL0O08 | DL009 | DL010|DL011{DL012| Average | STDEV
Pour Dates 11/16/00(11/16/00 | 11/17/00 | 11/17/00 | 11/17/00 [ 11/27/00 | 11/27/00 | 11/27/00 (11/27/00| 1/8/00 | 1/8/00 | 1/8/00
z_|x_|1,5-Dimethylnaphthalene ND ND | ND ND ND ND ND [ NT NT NT NA NA
z_|x_|1,6-Dimethylnaphthalene ND ND | ND ND ND ND ND | NT NT NT NA NA
z |x |1,8-Dimethylnaphthalene ND ND | ND ND ND ND ND | NT NT NT NA NA
z_|x_|2,35-Trimethylnaphthalene ND ND | ND ND ND ND ND [ NT NT NT NA NA
z_|x_|2,3-Dimethylnaphthalene ND ND [ ND ND ND ND ND [ NT NT NT NA NA
z_|x_|2,6-Dimethylnaphthalene ND ND | ND ND ND ND ND [ NT NT NT NA NA
z_|x_|2,7-Dimethylnaphthalene ND ND | ND ND ND ND ND | NT NT NT NA NA
z |x_|Acenaphthalene ND ND | ND ND ND ND ND [ NT NT NT NA NA
X__|Cumene ND ND | ND ND ND ND ND [ NT NT NT NA NA
X__|2-Butanone ND ND | ND ND ND ND ND | NT NT NT NA NA
x__[N,N-Dimethylaniline ND ND | ND ND ND ND ND | NT NT NT NA NA
1,2,3-Trimethylbenzene 2.74E-02 | 2.87E-Q2 | 2.90E-02 | 2.83E-02 | 3.21E-02 | 3.34E-02 | 3.10E-02 [ NT NT NT 3.00E-02 | 2.22E-03
1,2,4-Trimethylbenzene 241E-02 | 254E-02 | 273E-02 | 260E-02 | 2.72E-02 | 2.76E-02 | 2.53E-02 [ NT NT NT 261E-02 | 1.28E-03
Indan 1.77E-02 | 1.94E-02 | 2.80E-02 | 237E-02 | 2.65E-02 | 2.30E-02 | 2.08E-02 | NT NT NT 2.27E-02 3.73E-03
Butyraldehyde/M ethacrolein 1.84E-02 | 3.04E-02 | 171E-02 | 2.05E-02 | 147E-02 | 251E-02 | 155E-02 | NT NT NT 202E-02 | 5.68E-03
1,3-Diethylbenzene 177E-02 | 1.90E-02 | 198E-02 | 1.79E-02 | 2.08E-02 | 2.14E-02 | 197E-02 [ NT NT NT 195E-02 | 1.37E-03
Indene 9.75E-03 | 1.06E-02 [ 1.26E-02 | 119E-02 | 1.20E-02 | 1.14E-02 | 9.93E-03 [ NT NT NT 112E-02 | 1.09E-03
n-Propylbenzene 1.57E-03 | 9.90E-03 | 158E-02 | 2.72E-02 | 1.65E-03 | 1.35E-02 | 147E-03 | NT NT NT 101E-02 | 9.62E-03
Undecane 5.54E-03 | 6.10E-03 | 6.50E-03 | 6.34E-03 | 7.19E-03 | 6.90E-03 | 6.52E-03 [ NT NT NT 6.46E-03 | 5.37E-04
1,2-Diethylbenzene 6.27E-03 | 6.67E-03 | 3.74E-03 | 1.85E-03 | 8.49E-03 | 5.63E-03 | 8.26E-03 [ NT NT NT 5.84E-03 | 2.38E-03
1,3 5-Trimethylbenzene 4.81E-03 | 6.10E-03 [ 4.89E-03 | 2.00E-03 | 456E-03 | 8.95E-03 | 6.69E-03 [ NT NT NT 543E-08 | 2.15E-03
3-Ethyltoluene 4.40E-03 | 5.66E-03 [ 479E-03 | 1.72E-03 | 4.11E-03 | 8.95E-03 | 6.69E-03 [ NT NT NT 519E-03 | 2.26E-03
2-Ethyltoluene 3.83E-03 | 6.46E-03 | 461E-03 | 341E-08 | 5.12E-03 | 5.23E-03 | 3.55E-03 | NT NT NT 460E-03 | 1.10E-03
Benzaldehyde 4.43E-03 | 5.33E-03 | 346E-03 | 5.97E-03 | 3.09E-03 | 5.40E-03 | 3.55E-03 [ NT NT NT 446E-03 | 1.13E-03
Octane 3.50E-03 | 3.45E-03 [ 3.77E-03 | 3.99E-03 | 2.72E-03 | 3.96E-03 | 3.95E-03 [ NT NT NT 3.62E-03 | 454E-04
Hexaldehyde 3.75E-03 | 4.35E-03 | 254E-03 | 5.18E-03 | 2.31E-03 | 3.93E-03 | 2.67E-03 | NT NT NT 353E-03 | 1.06E-03
Tetradecane 5.28E-03 | 4.82E-03 | 3.17E-03 | 3.54E-03 | 2.73E-03 | 1.66E-03 | 1.40E-03 [ NT NT NT 323E-08 | 147E-03
Pentanal 255E-03 | 3.10E-03 | 2.07E-03 | 2.95E-03 | 1.82E-03 | 249E-03 | 2.25E-03 [ NT NT NT 246E-03 | 4.61E-04
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1 Test Plan DL Individual Test Results— Lb/Tn Metal

s|a

8 § COMPOUND / SAMPLE

NUMBER DLOO1 | DL0O02 | DL003 | DL004 | DL0OO5 | DL0O06 | DL007 | DL008 | DL0O09 | DL010|DL011|DL012| Average | STDEV
Pour Dates 11/16/00(11/16/00 | 11/17/00 | 11/17/00 | 11/17/00 [ 11/27/00 | 11/27/00 | 11/27/00 (11/27/00| 1/8/00 | 1/8/00 | 1/8/00
Heptane 140E-03 | 1.44E-03 I 3.05E-03 | 2.67E-03 | 3.39E-03 | 3.06E-03 | 143E-03 I NT NT NT 2.35E-03 | 891E-04
o,m,p-Tolualdehyde 2.04E-03 | 2.01E-03 I 1.29E-03 | 2.32E-03 | 1.59E-03 | 1.95E-03 | 1.50E-03 I NT NT NT 181E-03 | 361E-04
secButylbenzene 1.58E-03 | 3.28E-03 I 1.35E-03 ND 2.87E-03 | 147E-03 ND I NT NT NT 151E-03 | 1.26E-03
Crotonaldehyde 7.52E-04 | 7.53E-04 I 831E-04 | 9.19E-04 | 7.59E-04 | 7.25E-04 | 5.73E-04 I NT NT NT 7.59E-04 | 1.05E-04
2,4-Dimethylphenol ND ND I 3.15E-03 | 1.79E-03 ND ND ND I NT NT NT 7.06E-04 | 1.27E-03
2,6-Dimethylphenol ND ND I ND ND ND ND ND I NT NT NT NA NA
1,3-Diisopr opylbenzene ND ND | ND ND ND ND ND I NT NT NT NA NA
1,4-Diethylbenzene ND ND | ND ND ND ND ND I NT NT NT NA NA
2,3,5-Trimethylphenol ND ND | ND ND ND ND ND I NT NT NT NA NA
2,3-Dimethylphenol ND ND I ND ND ND ND ND I NT NT NT NA NA
2,4,6-Trimethylphenol ND ND I ND ND ND ND ND I NT NT NT NA NA
2,5-Dimethylphenol ND ND I ND ND ND ND ND I NT NT NT NA NA
3,4-Dimethylphenol ND ND I ND ND ND ND ND I NT NT NT NA NA
3,5-Dimethylphenol ND ND I ND ND ND ND ND I NT NT NT NA NA
p-Cymene ND ND I ND ND ND ND ND I NT NT NT NA NA
4-Ethyltoluene ND ND | ND ND ND ND ND I NT NT NT NA NA
a-Methylstyrene ND ND I ND ND ND ND ND I NT NT NT NA NA
Anthracene ND ND | ND ND ND ND ND I NT NT NT NA NA
Butylbenzene ND ND | ND ND ND ND ND I NT NT NT NA NA
Cycdlohexane ND ND I ND ND ND ND ND I NT NT NT NA NA
Decane ND ND [ ND ND ND ND ND I NT NT NT NA NA
Dodecane ND ND I I ND ND ND ND I NT NT NT NA NA
| sobutylbenzene ND ND I ND ND ND ND ND I NT NT NT NA NA
Nonane ND ND | ND ND ND ND ND I NT NT NT NA NA
ter t-Butylbenzene ND ND I ND ND ND ND ND I NT NT NT NA NA
Tridecane ND ND | ND ND ND ND ND I NT NT NT NA NA
Other Analytes

Condensables I I I I | 2.62E+00 |3.23E+00|2.32E+00| 2.72E+00 | 4,65E-01
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Test Plan DL Individual Test Results— Lb/Tn Metal

Z|<| compounD /samPLE

|t NUMBER DLOO1 | DL00O2 | DL003 | DL004 | DLO05 | DL006 | DLOO7 | DL0O08 | DL0O09 [ DL010|DL011|DL012| Average | STDEV
Pour Dates 11/16/00(11/16/00 | 11/17/00 | 11/17/00 |11/17/00 [ 11/27/00 | 11/27/00 | 11/27/00 {11/27/00| 1/8/00 | 1/8/00 | 1/8/00
Acetone 160E-03 | 1.77E-03 | 4.38E-03 | 144E-03 | 3.92E-03 | 1.35E-03 | 2.11E-03 I NT NT NT 2.37E-03 | 1.25E-03
Carbon M onoxide NT NT NT NT NT NT NT NT NT | 531E+00 |5.60E+00|5.42E+00 5.44E+00 | 1.50E-01
Methane NT NT NT NT NT NT NT NT NT | 546E-01 |5.12E-01|4.70E-01| 5.00E-01 | 3.82E-02
Carbon Dioxide NT NT NT NT NT NT NT NT NT | 517E+01 |5.55E+01|5.16E+01 [ 529E+01 | 2.19E+00
Ethane NT NT NT NT NT NT NT NT NT ND ND ND NA NA
Propane NT NT NT NT NT NT NT NT NT ND ND ND NA NA
I sobutane NT NT NT NT NT NT NT NT NT ND ND ND NA NA
Butane NT NT NT NT NT NT NT NT NT ND ND ND NA NA
Neopentane NT NT NT NT NT NT NT NT NT ND ND ND NA NA
| sopentane NT NT NT NT NT NT NT NT NT ND ND ND NA NA
Pentane NT NT NT NT NT NT NT NT NT ND ND ND NA NA
I Data rejected based on data validation considerations.
NA: Not Applicable; ND: Non Detect; NT: Not Tested
All " Other Analytes" arenot included in the Sum of VOCsor
HAPs.
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Test Plan DG and DL Average Test Resultswith T-Statistics
Nl n
S Test DG | Test DL
al T Analytes (Lb/Tn) | (Lb/Tn) T-Statistic
TGOM (THC) asPropane 122 5.55 11.59
HC as Hexane 11.1 3.63 23.95
Sum of VOCs 4.06 164 12.76
Sum of HAPs 2.00 145 6.96
Sum of POMs 0.104 0.092 1.60
Individual Organic HAPs
X |Phenol 0.942 0.843 1.90
X |o,m,p-Cresol 0.500 0.102 14.31
X |Benzene 0.299 0.266 451
z | x [Dimethylnaphthalenes 0.086 <0.001 15.21
X [Toluene 0.056 0.044 6.24
X |o,m,p-Xylene 0.031 0.015 15.23
X [Indene 0.028 0.011 4,90
X |Formaldehyde 0.021 0.024 114
X |Aniline 0.019 0.028 6.61
X |Styrene 0.014 0.010 10.66
X |Hexane <0.001 0.009 13.03
Zz | x |Naphthalene ND 0.089 28.89
Other VOCs
Dimethylphenols 1.07 0.001 24.36
Diethylbenzenes 0.299 0.025 3.70
Trimethylbenzenes 0.216 0.062 8.58
Tetradecane 0.141 0.003 11.03
Butylbenzenes 0.116 0.002 8.26
Dodecane 0.060 ND 21.05
Indan 0.057 0.023 14.05
Undecane 0.033 0.006 17.30
Butyraldehyde/M ethacrolein 0.021 0.020 0.32
n-Propylbenzene ND 0.010 2.79
Other Analytes
Condensables 0.800 272 7.12
Carbon Monoxide 4.18 5.44 7.43
Methane 0.590 0.509 251
Carbon Dioxide 59.3 529 3.65
Individua results constitute >95% of mass of all detected VOCs.
ND: Non Detect

All " Other Analytes' arenot included in the Sum of VOCs or HAPs.
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Test DG Process and Sour ce Data
Description DGO001 DG002 DGO003 DG004 DGO005 DGO006 DGO007 DGO008 DGO009
11/13/00 11/13/00 11/13/00 11/14/00| 11/14/00 11/14/00 11/14/00 11/15/00 11/15/00
Casting Metal Weight, Ibs. (Note 1) 132 130 111 134 136 138 123 130 129
Total No Bake Mold Weight, Ibs. 332 333 339 326 329 332 334 333 334
Totd Binder Weight including catalyt, Ibs 3.813 3.824 3.893 4.003 4,040 4.076 4.101 3.775
No. Cavities Poured (four-on gears) 4 4 4 4 4 4 4 4 4
No Bake Mold LOI, % 1400°F 124 123 117 1.49 1.25 1.39 1.23 152 1.68
Pouring Temperature, °F 2640 2638 2635 2626 2636 2640 2622 2636 2638
Dog Bone Tensile Strength 30 min., psi 115.00 109.67 86.67 102.67 123.67 103.67 87.00 129 82.83
Dog Bone Tensile Strength 2 hrs, psi 151.00 147.83 145.00 209.67 198.33 200.33 203.67 237.33 200.50
Dog Bone Tensile Strength 24 hrs, psi 181.17 182.17 196.67 274.83 239.33 221.17 239.00 200.67 179.17
Dog Bone Tensile Strength 24 hrs at 90% RH, psi 61.50 61.00 62.00 64.83 64.17 107.17 105.50 73.00 85.17
Sand Flow Rate, Ibs/ 15 seconds 58.60 58.60 58.60 55.00 55.00 55.00 55.00 59.50 59.50
Resin(part I+part 11), % BOS 112 112 112 1.20 1.20 1.20 1.20 1.10 1.10
Resin Part 1, grams 160.40 160.40 160.40 161.90 161.90 161.90 161.90 163.50 163.50
Co-reactart Part 2, grams 137.20 137.20 137.20 137.10 137.10 137.10 137.10 134.50 134.50
Catalyst Part 3, BO Pt.1, grams 11.50 11.50 11.50 11.40 11.40 11.40 11.40 11.70 11.70
Total Binder, true %(resins + catalyst) 1.15 1.15 1.15 1.23 1.23 1.23 1.23 1.13 1.13
Tota Binder, true %(resins only) 111 111 1.11 1.18 1.18 1.18 1.18 1.09 1.09
Average Stack Temperature, F - - - - 105 109 111 97 104
Total Moisture Content, % - - - - 0.94 0.98 0.94 0.78 0.78
Average Stack Velocity, ft./sec. - - - - 15.90 15.90 15.90 16.20 15.80
Avg. Stack Pressure, in. Hg - - - - 30.14 30.10 30.09 30.24 30.23
Stack Flow Rate, scfm - - - - 697 693 693 727 699

Binder fraction = binder including catalyst(Ibs)/(sand + binder including catalyst(Ibs)). Binder fraction x mold weight used in mold = Total Binder Weight including catalyst.
Example: (0.6808/(58.6 + 0.6808)) = 0.0114. 0.0114x 332 = 3.785 (Ibs binder per mold) 1.1% No Bake resin DG001-013

Example: (0..6637/(58.5 + 0.6637)) = 0.0112. 0.0112x 324 =3.635 (Ibs binder per mold) 1.1% No Bake resin DG018-021

NOTE 1: Casting metal used is Iron. Rebar hangers excluded from casting weight.

NOTE 2: Dog Bone Tensile Strength values are the average of six samples.

NOTE 3: No stack datafor tests DG001-004 was recorded, therefore, these tests will not be used for comparisons.

NOTE 4: Test pours DG014 and DG017 were run -outs. DG015, no hangers were installed and DG016 was mfr'd incorrectly.

NOTE 5: Castings DG003, DG007, DG019 and DG020 had shorter than acceptable pour sprues.
NOTE 6: Tests DG018, DG020 and DG021 will not be used in the comparison averages due to L Ol and Dogbone tensile strength value ranges. DG012 will not be used in comparison averages due to
incomplete LOI data.

NOTE 7: Testsin bold type are used for the report comparison.
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Test DG Process and Sour ce Data
Average of | Average for
Description DGO010 | DGO11 [ DGO012 DGO013 DGO018 DGO019 | DG020 | DG021 | DG001-021| Report
11/15/00 |11/15/00| 11/16/00 | 11/16/00 | 12/27/00 | 12/27/00 |12/27/00| 12/27/00
Casting Metal Weight, Ibs. (Note 1) 132 134 132 131 133 127 124 136 130 131
Total No Bake Mold Weight, Ibs. 334 332 330 333 325 324 314 321 330 332
Total Binder Weight including catalyst, Ibs 3786 3.763 3822 3.857 3.646 3634 3522 3.601 3.820 3.869
No. Cavities Poured (four-on gears) 4 4 4 4 4 4 4 4 4 4
No Bake Mold LOI, % 1400°F 1.35 1.46 ND 1.64 0.99 1.16 0.97 1.22 1.31 141
Pouring Temperature, °F 2658 2631 2628 2636 2622 2652 2622 2640 2635 2639
Dog Bone Tensile Strength 30 min., ps 103.00 78.67 85.50 129.67 35.83 84.67 72.50 89.83 95.29 102.46
Dog Bone Tensile Strength 2 hrs, psi 242.00 212.17 256.50 234.17 95.17 14533 124.83 122.83 183.92 208.20
Dog Bone Tensile Strength 24 hrs, psi 260.17 186.67 241.17 240.33 207.50 207.00 191.67 163.83 21250 219.28
Dog Bone Tensile Strength 24 hrs at 90% RH, psi 80.33 104.67 86.17 96.00 68.83 63.67 61.83 49.00 76.17 86.63
Sand Flow Rate, Ibs/ 15 seconds 59.50 59.50 59.00 59.00 58.50 58.50 58.50 58.50 57.99 57.83
Resin(part I+part I1), % BOS 1.10 1.10 1.13 1.13 1.10 1.10 1.10 1.10 113 1.14
Resin Part 1, grams 163.50 163.50 161.50 161.50 156.90 156.90 156.90 156.90 160.79 162.01
Co-reactant Part 2, grams 13450 134.50 140.40 140.40 134.00 134.00 134.00 134.00 136.16 135.97
Catalyst Part 3, BO Pt.1, grams 11.70 11.70 12.00 12.00 10.40 10.40 10.40 10.40 11.32 11.49
Total Binder, true %(resins + catalyst) 113 1.13 1.16 1.16 1.12 1.12 1.12 112 1.16 117
Total Binder, true %(resins only) 1.09 1.09 111 111 1.08 1.08 1.08 1.08 112 112
Average Stack Temperature, 107 108 97 101 99 106 111 111 105 105
Total Moisture Content, % 0.89 0.97 0.74 0.79 0.86 0.92 0.92 09 0.88 0.89
Average Stack Velocity, ft./sec. 16.40 16.40 15.70 15.80 15.70 15.80 15.90 16.40 15.98 16.01
Avg. Stack Pressure, in. Hg 30.19 30.15 30.12 30.12 30.35 30.30 30.31 30.26 30.20 30.17
Stack Flow Rate, scfm 719 718 703 700 703 698 695 718 705 705

Binder fraction = binder including catalyst(Ibs)/(sand + binder including catalyst(Ibs)). Binder fraction x mold weight used in mold = Total Binder Weight including catalyst.
Example: (0.6808/(58.6 + 0.6808)) = 0.0114. 0.0114x 332 = 3.785 (Ibs binder per mold) 1.1% No Bake resin DG001-013

Example: (0..6637/(58.5 + 0.6637)) = 0.0112. 0.0112 x 324 =3.635 (Ibs binder per mold) 1.1% No Bake resin DG018-021

NOTE 1: Casting metal used is Iron. Rebar hangers excluded from casting weight.

NOTE 2: Dog Bone Tensile Strength values are the average of six samples.

NOTE 3: No stack data for tests DG001-004 was recorded, therefore, these tests will not be used for comparisons.

NOTE 4: Test pours DG014 and DG017 were run -outs. DG015, no hangers were installed and DG016 was mfr'd incorrectly.

NOTE 5: Castings DG003, DG007, DG019 and DG020 had shorter than acceptable pour sprues.
NOTE 6: Tests DG018, DG020 and DG021 will not be used in the comparison averages due to LOI and Dogbone tensile strength value ranges. DG012 will not be used in comparison averages due to
incomplete LOI data.

NOTE 7: Testsin bold type are used for the report comparison.
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Test DL Process and Source Data
Description DL001 DL 002 DL003 DL 004 DL 005 DL 006 DL 007 DL008 | DLO09 DL 010 DLO1L | DLO12 |Averages|Averages
11/16/00 11/16/00 11/17/00 11/17/00 11/17/00 11/27/00 11/27/00 | 11/27/00 | 11/27/00 1/8/01 U801 | w80l (g4 for report
>asting Metal Weight, Ibs. (Note 1) 130 124 116 126 134 131 124 132 121 140 132 135 129 131
“otal No Bake Mold Weight, Ibs. 326 333 326 319 319 328 327 328 329 329 333 330 327 327
“otal Binder Weight including 3.64 372 373 3.65 3.65 3.70 3.69 3.70 371 3.78 3.83 3.79 371 371
atalyst, |bs
Jo. Cavities Poured (four-on gears) 4 4 4 4 4 4 4 4 4 4 4 4 4 4
loBakeMaldLOI, % 1400°F ND ND 151 1.29 138 133 139 132 132 160 141 | 14 | 140 | 140
>ouring T emperature, °F 2636 2626 2631 2632 2639 2624 2626 2636 2630 2635 2640 2640 2633 2633
Jog Bone Tensile Strength 30 min., | 151.33 o 13833 121.67 97.33 115.67 91.17 98.17 95.17 89.83 87.50 7450 | 10552 | 103.02
S|
JogBoneTensileStrength 2 hrs, psi|  205.83 ND 198.33 230.00 205.50 273.67 189.00 166.00 155.83 143,00 15083 | 12033 | 186.12 | 18813
>og Bone Tensile Strength 24 hrs, 265.80 27450 318.00 255.17 254.50 208.50 200.33 169.67 142.83 14767 | 13233 | 21621 | 21490
))gog Bone Tensle Strength 24 hrsa | 87.50 EB 7467 7367 54.83 72.67 56.67 46.50 45.67 25.33 4483 4450 | 56.99 56.28
0% RH, ps
sand Flow Rate, Ibs/ 15 sec. 59.50 59.50 57.50 57.50 57.50 59.00 59.00 59.00 59.00 4850 4850 4850 | 56.08 55.65
% Resin(part | +part I1), BOS 1.08 1.08 111 1.11 1.11 1.10 1.10 1.10 1.10 1.12 1.12 1.12 1.10 1.10
Resin Part 1, grams/15 sec. 159.10 159.10 159.50 159.50 159.50 159.00 159.00 159.00 159.00 134.10 13410 | 13410 | 15292 | 15165
Jo-reactant Part 2, grams/15 sec. 133.20 133.20 130.50 130.50 130.50 135.00 135.00 135.00 135.00 112.70 11270 | 11270 | 12800 | 127.05
Satalyst Part 3, BO Pt.1, grams/15 12.50 12.50 11.80 11.80 11.80 11.80 11.80 11.80 11.80 9.10 9.10 9.10 11.24 11.13
ec.
“otal Binder, true %(resins only) 1.07 1.07 1.10 1.10 1.10 1.09 1.09 1.09 1.09 1.11 111 1.11 1.09 1.09
“otal Binder, true %(resins + 1.12 1.12 1.14 1.14 1.14 1.13 1.13 1.13 113 1.15 1.15 1.15 1.14 1.14
atalyst)
\verage Stack Temperature, °F 102 105 93 105 107 99 110 104 105 103 101 109 104 105
“otal Moisture Content, % 0.87 0.78 0.70 0.77 0.71 1.06 1.08 1.07 1.09 1.29 1.32 1.32 1.01 1.03
\verage Stack Velocity, ft./sec. 16.10 15.90 15.60 15.80 15.80 15.80 15.90 15.80 15.90 15.90 15.90 1600 | 15.88 15.89
\vg. Stack Pressure, in. Hg 30.12 30.12 30.29 30.27 3023 30.21 30.18 30.17 30.17 29.90 29.88 2091 | 3012 30.10
ack Flow Rate, scfm 713 697 707 699 698 700 693 697 696 693 690 690 698 697

3inder fraction = binder including catalyst(Ibs)/(sand + binder including catalyst(Ibs)). Binder fraction x mold weight used in mold = Tota Binder Weight including catalyst

xample: (0.6714/(59.5 + 0.35 + 0.29 + 0.028)) = 0.0112. 0.0112x 326 = 3.64 (Ibs binder per mold) 1.1% No Bake resin DL001-012.
JOTE 1: Casting meta used isIron. Casting weight reflects adeduction of 5 Ibs (rebar hanger weight 4 each)

JOTE 2: Dog Bone Tensile Strength values are the average of six samples

JOTE 3: ND means no data available

JOTE 4: DL003 and 009 were removed from the reporting table due to process variations, shorter than acceptable pouring sprues

CRADA PROTECTED DOCUMENT 77 of 102



TECHNIKON# RE100102DL
26 April 2001

Appendix D
Method 25A Charts

CRADA PROTECTED DOCUMENT 78 of 102



TECHNIKON# RE100102DL
26 April 2001

Test SeriesDG

16.00

B THC as Propane

5 6 7 9

Sampling Event

14.00

12.00

10.00

8.00

Tourls per Ton ul el

6.00

4.00

2.00

0.00

10 n 12 13

CRADA PROTECTED DOCUMENT 79 of 102



O
T
=

BYE'Nd LTHG:L 00/71/1 )
YEGNd ££TG:L 00/¥1/11
0GLNd 6€0G:L 00/71/11
LLE'Nd G¥Bv:L 00/71/1 1
€8 1'Nd TG:9¥:L 00/¥1/ 11
BEC'Nd BGHY:L 00/41/ 1)
90G'Nd ¥0:CH:L 00/71/1 1
C0L'Nd 01:LviL 00/71/1 )
B8N 9168 00/1/ 11
GLI'Nd €Z:L8°L 00/71/1 )
L0€"Nd 6Z°GE:L 00/¥1/11
BIGNd €62 00/¥1/ 11
YEINd L¥:1EL 00/%1/ 11
0BB'Nd L¥6Z:L 00/71/11
LLO'Nd ¥G-LT*L 00/¥1/ 11
CLTNd 00:92°L 00/71/1 1
69%'Nd 90:vZ:L 00/71/1 1
9N T1:TTL 00/¥1/ 11
I8N BL:0Z:L 00/¥1/ 1)
BLO'Nd GZBL:L 00/71/11
GETNd LEQL:L 00/71/1 1
WY Nd LE%1:L 00/%1/ 1)
LTYND €HTLL 00/71/1 )
¥E8Nd 6¥:01:L 00/%1/ 11
0L0'Nd 9G:BO:L 00/¥1/ 11
LLTNd TO:L0°L 00/%1/1 1
C0GNd BO:GO:L 00/71/11
BI9Nd ¥ 1:60L 00/¥1/ 11
968'Nd 02:10°L 00/71/11
ZBO'Nd L2659 00/71/11
BBT'Nd £6:469 00/¥1/11
G6¥'Nd 6£:GG9 00/¥1/ 11
LLLND G¥°€6:9 00/¥1/11
LI¥'Nd 16169 00/71/11
CO6'Nd 9€:6Y°9 00/¥1/ 11

26 April 2001

TECHNIKON# RE100102DL

DG005

S 8 8 &8 g8 g 8 °

™ « -
lauedouid se} wdd

Date/Time

80 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DGO006

THC

600

500

o o o
o o o
< ™ N

[auedosd se} wicdd

100

9¢1'Nd 26:Gr:01 00/¥1/11
€0LNd LE€:01 00/¥L/11
0£ZNd £Z:1¥:01 00/¥L/11
9¢/'Nd 80:68°01 00/¥1/11
§GZNd ¥G:9:01 00/¥L/11
09L'Nd 6€-%:01 00/¥L/11
96Z'Nd GZ:Ze:01 00/¥L/11
£egNd 01:08°01 00/¥1/11
6G€Nd 9G:£2:01 00/¥L/11
9G8Nd 1¥7:GZ:01 00/¥L/11
£8Nd LZ52°01 00/¥1/11
606'Nd Z1:12:01 00/¥1/11
91¥'Nd 95:81:01 00/¥L/11
£68Nd £7:91:01 00/¥L/11
68CNd 6Z:v1:01 00/¥1/11
916'Wd ¥1:Z1:01 00/¥1/11
Zvv'Nd 00:01:01 00/¥L/11
6G6'Nd Gv0:01 00/¥L/11
99y'Nd 1£°30:01 00/¥1/11
Z96'Nd 91:€0:01 00/¥L/11
6Ly"Nd Z0:10:01 00/¥L/11
G86'Nd £v95:6 00/¥1/11
28y'Nd £5°95:6 00/v1/11
610'Nd 61:%G:6 00/¥1/11
GZGNd ¥0:Z5:6 00/¥1/11
Z80'Nd 0G6v:6 00/¥1/11
6GGNd G446 00/¥1/11
GBO'Nd 1Z:Gr:6 00/¥1/11
Z89Nd 90°€¥:6 00/¥1/11
gy 1'Nd ZG:0r°6 00/¥1/11
GY9'Nd L5886 00/¥1/11
ZLINd €296 00/¥1/11
8G9'Nd 80:%5:6 00/¥1/11
G61'Nd ¥G1£:6 00/¥1/11
991'Nd G162:6 00/¥1/11

Date/Time

81 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DGO007

O
T
T
me
— ‘f
o o o o o o o
o o o o o o
(e} Yo} <t o N —

suedosd se) wdd

861Ny 00:92:Z1 00/G1/11
60NV 1¥°EEZL 00/S1/11
0Ly WY £2:1€:Z1 00/S1/11
IGO'WY G0:6Z:Z1 00/G1/11
799Ny 9v:92:Z1 00/G1/11
£OCWY 92¥2T1 00/S1/11
¥Z6'WY 60:22:Z1 00/G1/11
GIGWY 1G:61:Z1 00/G1/11
9ZLWY £5:£1:Z1 00/S1/11
LTLWY ¥161°Z1 00/G1/11
Gy 9G:Z1:Z1 00/S1/11
696'NY L£:01:Z1 00/G1/11
065V 61:80°Z1 00/S1/11
LIZNV 10:90:Z1 00/GL/11
ZIGNY Z¥:€0:Z1 00/S1/11
CLYNY ¥2:10:Z1 00/G1/11
GI0'Wd 90:65:11 00/¥1/11
90LWd L¥9G:L1 00/¥1/11
L9E'Nd 6Z:¥G:L1 00/¥1/11
800°Wd 1 1:ZG:LL 00/¥1/11
6G9Wd ZG:6v:11 00/¥1/11
00EWd ¥E-p:L1 00/¥1/11
IZ6Wd GL:Gy:LL 00/¥1/11
TYSWd LGZv:LL 00/¥1/11
IZL'Nd 8¢:0v*11 00/¥1/11
ZELNd B1gE:LL 00/¥1/11
€LENd 10:98:11 00/¥1/11
y66°Nd Zv:e:1L 00/v1/11
9¥INd ¥Z1E:11L 00/¥1/11
L9TNd 906211 00/¥1/11
gr6Nd Ly:9Z:11 00/¥1/11
665 Wd 62:vZ:11 00/¥1/11
162Nd 8G:1Z:L1L 00/%1/11

Date/Time

82 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DGO008

THC

/

600

o
Q
Yol

(] o o
o Q o
< ™ N

[auedosd se) wdd

100

99N 87217 Q0/S1/ 11
WSNd BCETE 00/S1/ 1
QTN OCLTr Q0/S1/ 1
¥CBWd 0TSTr 00/51/11
HINd | 1Tr 00/S1/11
TN TOLTr Q0/S1/1
HENd 1881w 00/51/ 1
OPINd 791w Q0/S1/ 11
PEEWd ¥E 17 00/S1/ 1
GONd STT 1w 00/51/11
T69Nd G107 00/51/11
NYNd 90:80F 00/S1/ 11
QrONd LGC0F 00/S1/ 11
YBINd LyE0F Q0/51/ 1
86EWd 8L 107 00/S1/ 11
T90Nd BT6SE 00/51/ 1
9L/ Wd BILSE Q0/S1/ 1
QY Nd 016EE 00/51/11
PN LOGE 00/51/11
LN 1G0GE 00/51/11
CYNd THEYE 00/51/ 1
[80Nd £€97:¢C 00/S1/11
IBLWd STHHE 00/S1/11
SN ¥ 15Th e Q0/S1/ 1
B8 1 Wd SO0KE 00/61/ 11
CLINd GGLEE Q0/S1/ 1
[SSWd 97:SEE 00/S1/ 1
ILTW LEETC 00/81/ 1)
SI6Wd LT31EE Q0/S1/ 1
BE9Nd 816TE 00/51/11
CBEWd BOLTE 00/S1/ 11
(80Nd 0CTE Q0/S1/ 1
ILLWd QSTTE 00/81/ 1)
Sy Nd 170TE 00/51/ 11
TIBNd TIBIE 00/51/ 11

Date/Time

83 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DGO009

THC

AN

700

o
(=]
©

o o o
o o o
Yol < ™

[auedosd su) wude

o
o
N

100

OTLWd LE°8T:9 00/G1/ 1L
POPNd 87:90:9 00/51/ 1)
BBOW B14T:9 00/G1/11
TLLWd BOTTC9 00/51/ 1)
9Ly Wd 00079 00/51/ 11
091 Nd 1G°£1:9 00/G1/ 1L
PN 146139 00/51/ 1)
BLSWd TECL9 00/51/ 1L
TITNd €T11:9 00/51/ 11
9.8Wd €1°60:9 00/51/11
OrSId $0:£0:9 00/G1/ 11
PPN §590:9 00/51/ 1)
BOBWd S¥°T0:9 00/G1/ 11
£8SWd 9€:00:9 00/51/ 11
LSTWd LT85S 00/51/ 11
LCBW L1:95:G 00/51/ 11
SN BOWGS 00/51/ 1)
BICWd BSIGS 00/G1/11
CTONd OGBS 00/51/ 11
LTLW OF*L7°G 00/51/ 1L
LBCW LGS 00/51/ 11
SOLWd TTEHS 00/51/ 1)
BBLWd T1:14°G 00/G1/1 1
CBYWd COBEG 00/G1/ 11
L91Nd $S9G 00/G1/ 1L
LL8W P0G 00/51/ L1
GGSNd S TES 00/51/ 1)
BETWd 9T:08°G 00/G1/11
CrBWd 91°8TG 00/G1/ 11
LOINd L0°9CS 0O/51/ L)
TECNd 8STG 00/G1/ 1L
9PONd Bv*1T:S 00/51/ 1)
OFLWd BEBLG 00/G1/ 11
Py d 021G 00/G1/ 1L
CI8Nd 016136 00/51/ 1)

Date/Time

84 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DGO010

THC

600

500

o (=] o
(@] (@} (=]
< o™ N

[auedosd se} widd

£6CWd 95:82:8 00/G1/11
60£Ad 05°92:8 00/G1/ 11
¥ZEWd Tv:v2:8 00/G1/11
01€Wd ¥£:22:8 00/G1/11
91ENd 9¢°07:8 00/G1/11
Z62Nd 81°81°8 00/G1/ 11
gCCWd 01:91:8 00/G1/11
y0ZWd 20:v1:8 00/G1/ 11
0ITAd ¥5°11:8 00/S1/1
961 Wd 9:60:8 00/G1/11
61'Wd 9:£0:8 00/G1/ 11
891'd 0£°50:8 00/G1/11
Y21 22°€0°8 00/G1/ 11
0% L'Wd ¥1:10:8 00/G1/11
911'Wd 90:6G:L 00/G1/11
101'Ad 95:9G:L 00/G1/ 1)
L90'Wd 0G:¥G:L 00/G1/ 11
£C0Wd Tv-ZG:L 00/G1/ 11
600'Ad ¥£:0G:L 00/S1/11
G86'Wd GZ:@v:L 00/G1/ 11
LL6Wd L1:9%:L 00/GL/ 1)
LY6'Wd 80:v¥:L 00/GL/ L1
£26°d 10Th:L 00/GL/ 1
606'Wd §G:65:L 00/G1/11
GB8Wd Gr:L£:L 00/GL/ 11
168'Ad ££°GE:L 00/GL/1
LLSWd 62:€5:L 00/G1/ 11
798Wd 1Z:1§8:L 00/G1/ 11
gygWd £1:62:L 00/G1/11
6L Wd GO-LT:L 00/S/ 1
018Wd [GT:L 00/GL/ 11
908'Wd 6v:22:L 00/G1/ 11
TIgd W0T:L 00/SL/1
88LWd §5:81:L 00/G1/11
£91Wd 81:91:L 00/G1/ 11

Date/Time

85 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DGO11

THC

600

(]
Q
Yol

(] (] (]
o Q (=]
< ™ N

[auedosd se) wdd

(=]
o
-

ISP W 1P 0T 00/S1/ 11
SCINd TEBI0L Q0/SL/ 1
BCSW TTBI01 Q0/81/ 1
CISNd CLH 101 00/S1/ 1
LOTW #0TI1 00/S1/ 1
168d $SB001 0/SL/ 1
99GNd SHLOD 1 Q0/SL/ L
0BT 96001 00/51/ 11
¥960d 9TL001 Q0/SL/ 1
89N L111001 0/51/ 1)
199Nd 80656 00/S1/ 11
910Nd 6S9S6 00/S1/ 11
Y9N BYHSE 00/S1/ 11
YECNd OPTSE 00/S1/ 11
§T0Nd 1£0G%6 00/S1/ 11
TLNd 12896 00/S1/ 11
9y Nd TLBY6 Q0/S1/ 1L
0P LW CO%H6 00/S1/ 1L
PEANd €S9 00/S1/ 1
80SNd $76¢6 00/S1/ 11
T INd SELEE 00/S1/ 1L
9GANd STSEB Q0/S1/ 1L
TSN 31C6 00/S1/ 11
P31 d £O:1C6 Q0/S1/ 11
8L8Nd LSBT6 00/SI/ 11
{SGNd 87876 Q0/SH/ 11
(ST BEHTE Q0/S1/ 1L
ICBWd 6TTTE 00/S1/ 1
09N ATNTH Q0/S1/ 11
BOTWd 11816 Q0/S1/ 1L
C96Md 10915 Q0/S1/ 11
(99d TSX 16 00/S1/ 11
ILEWd €741 16 Q0/81/ 1
SYONd $£605 00/S1/ 11
BIZWd $TL0% Q0/S1H/ 1L

Date/Time

86 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DGO13

THC

600

500

o
o
<

300

o
o
N

[ouedoad se) widd

o
o
—

0£S'Nd B0'SZ'S 00/91/11
Y2 Nd 652G 00/91/11
BE6'Nd 6v:02°G 00/91/11
Zr9'Nd Ov81°G 00/91/11
9ZENd 1€°91°G 00/91/11
0Z0'Nd 22 1°S 00/91/11
PILNd 21215 00/91/11
86¢°Nd £0:01°G 00/91/11
Z80°Nd ¥G:£0°G 00/91/11
95/ 'Nd #¥'50°G 00/91/11
0Sh'Nd GEC0°G 00/91/11
71 1Nd 92:10°G 00/91/11
B08'Nd 9165% 00/91/11
28%'Nd LG 00/91/11
951'Nd B85S 00/91/11
0£8'Nd BvCS¥ 00/91/11
SISNd 6£°05+ 00/91/11
612'Nd 0B+ 00/91/11
CO6'Nd 02974 00/91/11
LIGND Lipvy 00/91/11
10S'Nd 20:Cv+7 00/91/11
S66'Nd 2568 00/91/11
699'Nd ChLEH 00/91/11
CBENd ¥EGEH 00/91/11
LO1'Nd SZ:€€ 00/91/11
L8N GI:LEr 00/91/11
ey Nd 9062 00/91/11
621'Nd £59¢+ 00/91/11
CY8Nd L9 gd 00/91/11
LSS'Nd BE2ZH 00/91/11
1ZZ'Nd 62:027 00/91/11
906'Nd 6181 00/91/11
019'Nd 01917 00/91/11
Y8ZNd 107 1 00/91/11

¥ BOO'Nd 251 17 00/91/11
o

Date/Time

87 of 102

CRADA PROTECTED DOCUMENT



8.00

TECHNIKON# RE100102DL

7.00

Tounds per Ton ol Beal

26 April 2001
Test SeriesDL
THC as Propane
6.00
5.00
4.00
3.00
2.00
1.00
0.00 T
DLO01 DLO002 DLO007 DLO10 DLO11 DLO12
Sample Number

CRADA PROTECTED DOCUMENT

88 of 102



TECHNIKON# RE100102DL

26 April 2001

DLOO1

THC

250

200

150

wdd

100

50 7

PO 9286 0/91/1L1
£¥3'Nd 9T08°6 Q0/91/11
TN £0:80°6 Q0/91/11
T0r'Nd £:SC36 Q0/91/1L
VLN L8606 0/91/1 L
0L0'Wd 90126 0/91/11
BOV'Ad 87°81:6 00/31/11
BCLWd §T91:6 Q0/31/11
BE0Wd B0 L6 Q0/31/11
L87Wd Bv*L16 Q0/31/11
9¥8'Wd 6C:60:6 Q0/91/11
GOTNd Q12406 Q0/91/11
P95 Nd 0G:H0%6 Q0/91/11
POBNd OT:T0'6 Q0/91/11
CSTWd 11006 Q0/31/11
185Nd 1668 Q0/91/1L
16 Wd 1€:65:8 Q0/91/11
0LTWd TLES8 Q0/31/11
0BG Nd 18088 Q0/91/11
BYEAd 788 X0/91/11
BTCNd €1:97°8 Q0/91/11
L3N CS:h:8 Q0/91/1L
900Nd ¥E:11°8 Q0/91/11
9/CWd P1462:8 Q0/31/11
ShLNd 51908 Q0/91/1L
PN S8 Q0/91/1 L
CSrId GLTE8 Q0/31/1L1
T0B'Nd G608 Q0/91/11
ThLNd 982208 Q0/91/1L
LB7"Wd 91:G0:8 Q0/91/11
0S8'Nd 96:TC:8 0/91/1L
B6LAd £€:00:8 00/31/11

* 99GNd 21818 B0/91/1L

Date/Time

89 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DLO002

THC

| ‘II | 111 Al

11

HIWH

200

180

160

140

120

100

wdd

80

60

40 T

20

BIOWd pOHE:LL Q0/91/11
BTN 1L Q0/81/11
[YLNd YTETLL Q0/91/11
L0V SOLTLL Q0/81/1)
R Nd SHPTELL 0 /91/11
LN STTTLL Q0/31/11
L1 90T 1L 00/91/1 1
Sy Nd 9¥LIELL /81711
WENd 9TSIELL Q/91/11
LN LOCIELL Q0/81/1 )
ITSNd 501311 0/91/1 )
O8N LT X /91/11
6L WNd 809011 00/81/11
B Nd 8101 X /91/11
LY8Wd 8TI0HL Q0/81/11
L61'Nd 66301 %0/91/11
RGN 679501 0/91/11
SCONd 5THS0L X/91/11
POTWNd Q1TS0L Q0/81/11
£SGNd QG670 /91711
CBGNd OCLP:01L 00/91/1 1
WUND 1101 /91711
WS 1STH0L 00/91/11
088°Nd 10P:0L Q0/91/11
BCTWNd THEE01 Q0/81/11
BIGNd TS0 00/91/1 1
&6 Nd TEE0L /81711
(9T CIIE0L Q0/81/11
NINd CSFC0L X/31/11
S96'Nd £C9C:01 00/91/1 1
YOO 71001 /91711
y69Wd ¥S1T0L Q0/81/11
CCONd STBI0L X0 /91/11

Date/Time

90 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DLO05

THC

300

250

200

150

wiedd

100

50

9T LTLL:0V 00/LL/VN
L89'Wd 80°GL:01 00/L1/1)
gvSWd 0GZ1:01 00/L1/11
6L1Ad TT0L:01 00/LL/1)
0Gg'Wd £1:80:01 00/L1/1
|67 Wd S5G0:01 00/L1/11
60Ad L£°€0:01 00/LL/4H
¥7LWd 81:10:01 00/L1/1
GBS Wd 00:65:6 00/L1/ 11
9¢0'Wd Tv°95:6 00/L1/ 1k
LYIWd §T:¥G:6 00/L1/ 1)
88TWd 90-2G:6 00/L1/ 11
626'Nd 9r°6v°6 00/L1/ 1}
09GWd 8¢:L:6 00/L1/ 1)
LIZWd 01:Gy6 00/L1/11
289'd 1STh'6 00/L1/ 1
£EGWd §5:0:6 00/L1/ 11
791 Wd G1:8:6 00/L1/ 11
G6LWd 95°GE*6 00/L1/ 1k
92y Wd 8056 00/L1/ 11
LOVWd 0Z:1£:6 00/L1/ 1)
8€L'Wd 10626 00/L1/ 1k
60%'Wd §:92:6 00/L1/ 11
0Z0'Wd GZ:¥2:6 00/L1/ 11
189'Ad 90-2¢:6 00/L1/1}
£GEWd B:61:6 00/L1/11
710Wd 0£:£1:6 00/L1/ 11
GGI'Wd 11°GL:6 00/L1/ L}
91€Wd §5:Z1:6 00/L1/ 11
LB66'Wd ¥£:01:6 00/L1/ 1)
899'Ad 91°80:6 00/L1/1}
60EWd 85:G0:6 00/L1/ 11
066'Wd 6£:£0:6 00/L1/11

Date/Time

91 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DLO0O6

THC

i

T

TN g

350

300

250

200

widd

150

100

50 7

LLSWd 80°%¢:L 00/ LT/} )
66GAd 0G-€Z:L 00/£2/11
0v9Ad T€:12:L 00/ L2/ 11
T99'Wd v 1:61:L 00/ LT/ V)
¥89'd 95:91:£ 00/£Z/11
GLLWd 8%, 00/ LT/ 1)
[£L'Wd 02°T1:L 00/L2/ 1)
8LL'Wd T0-01:L 00/£2/ 11
008'Wd ¥¥:£0:L 00/ LT/ }}
I°8Nd 92°0:L 00/£Z/ 11
£GR'd 80°€0:L 00/£Z/ 11
Gaa'Wd 0G:00:L 00/LT/ )
916'd 7€°95:9 00/£Z/ 11
g6 Wd ¥1:95:9 00/£2/ 11
086'Ad 95-6G:9 00/£Z/11
100'Wd 6£:159 00/LZ/1 1
£L0Wd 12:6v°9 00/LT/ 11
¥C0'Nd £0-2:9 00/£2/11
990'Md Syivv9 00/£2/11
880'Wd LTTh*9 00/ LT/ V)
61 1'Ad 60-0:9 00/£Z/11
IE1Nd 1669 00/L£2/1)
Z91Ad £€°%9 00/£2/11
¥81'Ad GL:689 00/£2/11
912 Wd L5089 00/ LT/}
(ST 6£°9L:9 00/£2/ 11
65ZAd 12929 00/£2/ 11
062'Wd £0:%¢:9 00/L2/ 1}
TENd Sr212:9 00/£2/ 11
YSEWd LT61:9 00/ LT/ 11
GLSWd 60-£1:9 00/£2/ 11
L6CWd 1S¥1:9 00/£2/11
gy Wd ££:21:9 00/£8/ 1)

Date/Time

92 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DLOO7

THC

LT

AR

300

250

200

150

wdd

100

o

50 7

\SyNd 12216 00/23/ 1
ILy'd £001%6 00/£Z/ 1)
¥8y Wd SL0% 00/£Z/ 1)
9IGAd £250% 00/LZ/ 1)
L¥SAd 60%0% 00/LZ/ 1)
695Wd 1500% 00/£Z/ 11
009'Ad ££°958 00/£Z/ 11
{E89Wd 51958 00/£Z/ 11
¥99'Nd LG¥SB 00/LZ/ 1)
GE9Ad 6£+158 00/LZ/ 1)
LILWd 1268 00/L2/ 1)
6EL'Ad £0Lv8 00/LZ/ 1)
09/ Wd Sv¥¥8 00/L2/ 1)
28N L2Tv8 00/LZ/ 1)
£03'Wd 600Y8 00/£Z/ 11
GZ8d 1SLE8 00/LZ/ 1)
[SBd ££5E8 00/LZ/ 1)
9gWd SLEEB 00/L2/ 1)
068'Ad LG0EB 00/£Z/ 1)
|6'Wd 6828 00/27/ 11
£C6Ad 12928 00/LZ/ 1)
GL6'Wd £0%Z8 00/LZ/ 1)
966'Wd Sv:L78 00/LZ/ 1)
800'Ad 82618 00/LZ/ 11
620Wd 01L18 00/£8/ 1)
IS0Wd 2818 00/£2/ 11
ZL0Wd ¥ET18 00/£2/ 1)
¥80'd 91018 00/£Z/ 11
911 'Ad 85:£08 00/LZ/ 1)
LE1Wd 0v508 00/£Z/ 11
6GLAd 22¥08 00/£Z/ 1)
081 'Wd ¥0:.08 00/£Z/ 11
21T 9¥8SL 00/LZ/ 1)

Date/Time

93 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DL0OO8

THC

A

N

bl ol

IH‘

T

350

300

250

200

wiedd

150

100

50 1

LOFWd BE:1Z:11 00/LT/1)
LTSWd 06111 00/LT/1)
9T d LGLL:LL 00/LT/1)
996'Wd L¥¥1:LL 00/L2/1)
989'Wd ZTTL:L1 00/LT/1)
GOY'Ad £O0L:4L 00/LT/1)
GE LW ¥#:£0:11 00/LT/1)
GOg'Wd ¥Z:G0:11 00/LT/1)
GESWd GO0:4 1 00/LT/1}
y0£Wd 9%:00:11 00/LZ/1)
¥Z0Wd LT8G0 00/LT/1)
YELWd L0:9G:01 00/L2/11
¥GyWd 8¥:£G:01 00/L2/1)
€L1Wd 6Z1G:01 00/LZ/1)
£89'Nd 60:6v°01 00/LT/11
£09'Ad 0G9¥:01 00/LT/\}
Z0SWd 1&v¥:01 00/L2/1)
TYOWd TLTy:0l 00/L2/11
79L'Wd TGEL-01 00/LT/1)
18y'Wd £6:£8:01 00/LT/1)
102'Ad ¥1:GE:01 00/L2/11
1Z6'Ad ¥GT£:01 00/L2/1)
1¥9'Nd SE08:01 00/L2/11
LLSWd 91:9Z:01 00/L2/11
060'Ad LGST:04 00/LT/\}
019Wd LE&£2:01 00/LT/1)
0ZGWd 81:1Z:01 00/LT/1)
6£CNd 6G81:01 00/LT/1}
6¥6'Wd 6£:91:01 00/LZ/1 )
6/9Wd 0Z¥1:01 00/LT/1)
68CAd 10TL:01 00/LT/1)
g60'Wd Z+'60:01 00/LZ/1
809'Wd ZZL0:01 00/LT/1)

Date/Time

94 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DLO10

THC

300

250

200

150

wdd

100

50 7]

9GEC-Cl
9¢Le+Cl
CIRYAA
oG el
SE0C-Cl
P1-81-Cl
FGGltl
P&LLCl
CILSTL
£G80-Cl
RN
AR 4!
43114}
A=Y
AYAY
|GG
ARTARY
01:0G:11
0G4y
0811
BOCh-11
Er0p-11
BCEC:1L
BOG- 1
Akl
Ay
LOEC L
A AN
A
90-ce: 1
9Bl-11
9CGLIH
GO-GlI-11

10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10
10/80/10

Date/Time

95 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DLO11

THC

300

250

200

150

jausdosd su) udd

100

50

¢l
L0l
RO )
0Ll
P&l
6181
[AA
8¢:8lyl
2031+l
JARS B!
iyl
9yl
1901
9601
0£:10+¥1
G0-65°¢1
6£:95°¢|
143 22!
gy 16¢1
AN
89:9-¢l
AR 2N
LOTHEL
AR
91:e¢l
0SE-el
GOEEel
00:02+¢1
pELLE
60:E|
AR
81:0z¢l
A A

10/80/ 10
10/80/10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10
10/80/ 10

Date/Time

96 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL

26 April 2001

DLO12

THC

300

250

200

150

[euedcid se) wdd

100

50

92-eEn1
£p-1£°01
D¥-82°01
91-32:91
IBYA]
62:12°01
906191
£$-01°01
6l¥1-81
IR E R
¢E:6001
60-L0°91
By001
ZRAR!
65-65-G1
Oe:/CCl
¢1-6561
6+-¢5-Cl
GZ-DEEI
D846l
6E-CH:Cl
ClL-T4°Cl
¢5-0%°6l
Bz-BLecl
GD-BL-GI
AR
BLELEEL
GG-BZ-6l
R TAY
BD2:Cl
Gi-12-61
LZ6LGl
B5-31°61
CE1°Cl

1D/BD/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/BD/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
10/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/BD/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/80/1D
1D/BD/1D
1D/80/1D

Date/Time

97 of 102

CRADA PROTECTED DOCUMENT



TECHNIKON# RE100102DL
26 April 2001

Appendix E
Validation Log

(Available in Hard Copy Only)
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Appendix F
Listing of Support Documents
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The following documents contain specific test results, procedures, and documentation used in
support of this Test Plan

1. Casting Emission Reduction Program — Foundry Product Testing Guide: Reducing Emissions
by Comparative Testing, May 4, 1998.

2. Technikon Emissions Testing and Analytical Testing Standard Operating Procedures.

3. Emission Basdline Test Results for the CERP Pre-Production Foundry Processes.

4. Evaluation of the Required Number of Replicate Tests to Provide Statistically Significant Air
Emission Reduction Comparisons for the CERP Pre-Production Foundry Test Program
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Appendix G
Glossary
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t-Test

ND
No Test

HC as
Hexane

POM

LOI

TECHNIKON# RE100102DL
26 April 2001

The calculated T dtatistic, Ts, is compared against atable value. The table value is
afunction of the sample size and on the level of confidence desired. For tests with
nine sample values each, the T value associated with a confidence level of 95% is
2.12. Calculated values of Ts greater than or equal to this value would indicate
that there is 95% or better probability that the differences between the two test
series were not the result of test variability.

Non Detect, No Data
Lab testing was not done on this analyte.

Calculated by the summation of al area between elution of Hexane through the
elution of Hexadecane. The quantity of HC is performed against a five-point
calibration curve of Hexane by dividing the total area count from C6 through C16
to the area of Hexane from the initial calibration curve.

Polycyclic Organic Matter (POM) including Naphthalene and other compounds
that contain more than one benzene ring and have a boiling point greater than or
equal to 100 degrees Celsius.

Lossof Ignition. LOI represents the change in weight of a sample expressed as %
of the original dry weight as a consequence of combustion in air at the test
temperature of 1400°F
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