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Multi Media Evaluation 

I. Introduction 

Viscon is an additive for diesel fuel which is being proposed as a strategy for reducing 
PM and NOx emissions for diesel engines. The active component of Viscon is an ultra 
high molecular weight polyisobutylene (UHMWPIB) polymer. It is combined with 
CARS diesel at I part polymer to 99 parts diesel. Viscon is used at less than 5 ppm 
UHMWPIB to the end use CARB diesel. UHMWPIB is a non-toxic, colorless, tasteless, 
odorless food grade hydrocarbon polymer, which is insoluble in water. Lower molecular 
weight PIB is a component in PIB amine kee{Xlean additives for gasoline. UHMWPIB 
has been used as a method for controlling releases of diesel fuel, approved for use in 
California. The use of Viscon as an additive to CARB diesel creates no additional risks 
to the environmental or to human health when compared to unmodified CARB diesel. 
The use of Viscon as an additive to diesel fuel can result in a significant reduction in PM 
and NOx emissions from diesel engines with no significant risk to the air, water and soil 
environments. 

Viscon should be considered by California regulatory authorities as posing no significant 
risk to human health or to the environment. 

II. Executive Summary 

II-A. Summary ofregulatory approvals. 

Viscon is exempt from the US EPA's requirement for registration of fuel additives under 
49CFR Part 79 Subpart A Section 79.2 (e), since it is comprised of only hydrogen and 
carbon. 

No other regulatory regimes under which Viscon may be required to be approved have 
been identified, either U.S. or international. 

II-B. Background information on Viscon. 

Viscon is an additive for diesel fuel. It is used at a dose level in diesel fuel of about 500 
ppm. Visean is comprised of I part UHMWPIB and 99 parts CARB diesel. UHMWPIB 
is the active component in Visean. It has an average molecular weight of about 7 million 
Daltons. Its chemical fonnula is C4H8. UHMWPIB is a food grade material (see 
Attachment I, Food-Contact Applications). 
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II-C Manufacturing, Transportation and Storage ofFuel and Components 

Viscon is manufactured in Bakersfield, California at Las Palmas Oil and Dehydration. 
The active component of Viscon, UHMWPIB (Attachment 2, BASF's Oppanol ­
Polyisobutylenes) is a tough rubber solid which is delivered to the site and stored in a 
clean dry enclosed room in 44 pound polyethylene bags. 

The manufacturing process begins by granulating the UHMWPIB to a specific size. 
Refer to Attachment 3, Viscon Production Flow for a complete schematic of the 
production steps. CARB diesel fuel is used to dissolve the UHMWPIB. The CARB 
diesel fuel is pre-heated to 180-185° F using a low-emissions boiler and transferred to a 
specially designed insulated column holding 770 gallons of fuel. The granulated 
HHMWPIB is then combined with the diesel. The UHMWPIB is slowly added to the top 
of the column, dissolved and continually mixed for 12 hours. There is no reactive 
chemistry involved. The finished product is transferred via pipeline to bulk holding tanks 
for eventual transfer to shipment vessel(s). The type of shipment vessel varies 
depending on customer requirements. Tanker trucks, totes, and 55-gallon drums are 
typical containers that are transported to customers. All liquid production areas are diked 
in accordance with EPA/Califomia regulations. 

Viscon is added to diesel fuel at the customer's site using equipment customarily used in 
their business. It is stored on the customer's site in storage tanks customarily used for 
storage of diesel fuel additives and petroleum products. Attachment 4, Customer-Site 
Storage provides examples of storage containers. All precautions normally taken for 
storage of diesel fuel are followed for Viscon storage. 

II-D. .Historical Use of Viscon's Active Component 

Lower molecular weight PIB is used in a large part of gasoline consumed in the United 
States. It is a component in one category of keep-clean additive, PIB amines, required by 
State and Federal regulations. Also refer to Attachment 2, BASF's Oppanol other uses of 
PIB. 

II-E. Information Necessary for Risk Assessment 

Viscon is 1 part UHMWPIB and 99 parts CARB diesel. The diesel fuel used in Viscon 
poses the same risk as diesel fuel used in other applications. UHMW PIB is a solid 
rubber before it is added to its diesel fuel carrier. UHMWPIB does not change the 
chemistry of CARB diesel and does not add to its toxicity. UHMWPIB is colorless, 
virtually tasteless and odor free. UHMWPIB is insoluble in water. UHMWPIB does 
change the physical properties of the CARB diesel in which it is blended. The Viscon 
additive is highly viscous. Refer to Attachment 5, Viscosity Measurements for Viscon 
viscosity test results. Viscon also has restricted mobility in soil' and in water when 
compared to diesel fuel. A similar combination of UHMWPIB and hydrocarbon liquids 
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was used as a method for controlling and collecting oil spills. UHMWPIB inhibits 
dispersion of the base petroleum liquid in water and can be used to immobilize a spill on 
land. The environmental product was called Elastol and was licensed (see Attachment 6, 
Issuance of License for Oil Spill Clean-Up Agent) by the State Water Resources Control 
Board for use on oil spills in California. 

The amount of UHMWPIB added to the final diesel product, less than 5 ppm, has only a 
minor effect on the physical properties of diesel fuel at rest. However, it does have a 
significant effect on the physical properties ofdiesel under dynamic conditions. One well 
known example is the use of this polymer at similar concentrations as a drag reduction 
additive in pipelines. This phenomenon is viscoelasticity, an immediate and temporary 
increase in viscosity when the fluid is put under shear stress (see Attachment 7, 
Extensional Viscosity) 

The anticipated use of Viscon in California is in CARB diesel. There would be no 
significant change in the physical, chemical or toxic properties of CARB diesel in 
handling, transport and storage caused by addition of less than 5 ppm of UHMWPIB with 
the exception of changes to CARB diesel's physical properties under conditions of shear 
stress. 

III. Risk Assessment 

Ill-A. CARR Diesel Containing 5 ppm Viscon 

A risk assessment of CARB diesel treated with Viscon at the effective dose level, about 5 
ppm UHMWPIB, would be the same as for CARE diesel without the additive, with the 
exception of risks associated with diesel exhaust emissions. The purpose for adding 
Viscon to CARS diesel is to reduce emissions of PM, NOx, HC, and CO. The results of 
tests conducted under CARB protocols to assess the potential benefit of Viscon as a 
strategy for reducing harmful exhaust emissions from diesel engines is attached. This 
testing includes data related to the effect of Viscon treatment on toxic emissions (see 
Attachment 8, CARS-Protocol Emissions Test Results). 

A risk analysis of CARE diesel treated with Viscon for potential environmental and 
resource impacts that may result from likely release scenarios would be the same as a risk 
analysis of untreated CARS diesel. There are no additional risks creatcd by addition of 
about 5 ppm of UHMWPIB to CARB diesel. UHMWPIB is a non toxic polymer which 
is insoluble in water. It is dissolved at I part UHMWPIB to 99 parts CARB diesel to 
produce Viscon. UHMWPIB is a pure hydrocarbon, food grade substance. 

UHMWPIB does not change the chemical properties of CARB diesel nor does the 
concentration of UHMWPIB used in treating CARB diesel change CARE diesel's 
physical properties at rest. It does change the physical properties of CARB diesel under 
conditions of shear stress, causing an immediate and temporary increase in CARS 
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diesel's viscosity. The increase in CARB diesel's viscosity could reduce vapor loss from 
a release under certain conditions and could restrict travel of the fuel in soil and 
dispersion in water. These conclusions are based upon work done with the same polymer 
as an environmental technology used to reduce the risk of spills of liquid hydrocarbons. 

III-B. The Viscon Additive. 

The Viscon fuel additive is comprised of 1 part UHWPIB and 99 parts CARB diesel. 
The risk of a potential environmental or resource impact resulting from a release of 
Viscon is significantly less than from a release of CARB diesel. Viscon is highly 
viscous.. The viscosity of Viscon increases further when put under conditions of shear 
stress. Penetration of Viscon in soil and transport in soil are minimal when compared to 
CARB diesel. Viscon does not disperse in water, and maintains its integrity on the 
surface of water. 

UHMWPIB has been used as a method for reducing the hazard from releases of 
hydrocarbon liquids. The product was called Elastol Elastol was used as a fine powder 
which dissolved in a spill to form a substance similar to Viscon. Refer to Attachments 9, 
10, & 11, Oil Spill Recovery Using Elastol, ReportsI-3. A laboratory investigation of the 
properties of Elastol in solution was carried out at BASF (see Attachment 12, Toxicity 
and Soil Penetration). UHMWPIB was also used as a 1% solution in a hydrocarbon 
liquid to restrict the spread, dispersion and emulsion of heavy oil. 

Toxicity tests on Elastol were carried out by U.S. Testing Labs in New Jersey (see 
Attachment 13, Oil Dispersant Toxicity Test). Abalone Larval Development Short Term 
Toxicity tests were carried out in California to support a request for a license to use 
Elastol in California. Data from the abalone test is missing from company files, however 
a memorandum explaining the results of the test is Attachment 14, Abalone Larval 
Development Test - Memorandum. The State Water Resources Control Board issued the 
license on May 1, 1992 (see Attachment 6, Issuance of License for Oil Spill Clean-Up 
Agent). The UHMWPIB used in the Elastol product is the same as the active component 
of Viseon. 

III-C. Release Scenarios 

III-C.l CARD diesel treated with Viscon 

The release scenarios for Viscon treated CARB diesel are the same as for CARB diesel. 
Viscon is added to CARB diesel at a fuel distributor's site or a user's site. Once added to 
CARB diesel the Viscon treated fuel follows the same pathway as the CARB diesel 
would normally follow. As noted above any release occurring during the storage, 
transportation and transfer of Viscon treated CARB diesel would have the same risk 
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factors as for neat CARB diesel, except to the extent that added viscosity under 
conditions of shear stress may help mitigate the hazard from such a release. 

III-C.2 Visco" Additive 

Viscon is produced at GTAT California's facility in Bakersfield, California. The 
production facility has several dissolving units each with a capacity of 770 gallons. 
Dissolving units and storage tanks for Viscon are contained within diked areas in 
accordance with US EPA and California regulations for facilities storing quantities of 
diesel fuel. Any accident resulting in a tank rupture or valve failure would be limited to 
the diked area. Vapor release to the air would be somewhat less than from a release of an 
equal amount of CARB diesel. The addition of the UHMWPIB to diesel limits its ability 
to penetrate the ground and the walls of the dike. Recovery is enhanced by the 
viscoelastic properties of the liquid (see Attachment 12, Toxicity and Soil Penetration). 

Viscon is transported to the customer via tanker trucks, totes, and 55-gallon drums. A 
release resulting from an accident during transportation would have limited mobility on 
the ground and could easily be controlled by standard spill containment equipment. 
Runoff of a spill of Viscon into an adjacent waterway would be inhibited by product 
viscosity, resulting in a significantly reduced hazard when compared to a spill of diesel 
fuel. 

In the event that a Viscon release found its way into a creek or river the spill would have 
limited ability to spread on the surface and there would be no dispersion into the body of 
water. Standard oil spill booms could contain the spill and the effectiveness of recovery 
equipment would be significantly enhanced compared to its use with a diesel spill (see 
Attachments 9, 10, 11, Oil Spill Recovery Using Elastol, Reports 1-3, and Attachment 12, 
Toxicity and Soil Penetration). 

It is not anticipated that Viscon would be stored in underground storage tanks. However, 
if Viscon is stored underground and there is a breach in the tank due to a catastrophic 
event, or slow leakage or spillage around the fill port of the tank the spilled liquid would 
have minor mobility in the soil. 

Potential air releases in manufacture of Viscon occur from the handling and storage of the 
CARB diesel which comprises 99% of the final product. The Viscon production facility 
is operated in accordance with all appropriate regulations governing the storage and 
handling of diesel fuel. The completed Viscon product has significantly less potential for 
release of vapor to the air than CARB diesel. 

Air releases from Viscon during transfers and accidental releases would be reduced when 
compared to CARB diesel. (Attachment 9) In addition, any release in transfers or 
accidents is more easily contained and removed than would be the case of a similar size 
release of CARB diesel reducing the time the spill is open to the environment. 
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III-D. Exposure Pathways 

111-0.1 CARll diesel treated with Viscon 

The exposure pathways for CARB diesel treated with Viscon are the same as for CARB 
diesel, except to the extent that the addition of Viscon may reduce exposure as a result of 
increased viscosity under conditions of shear stress. 

The polymer molecules in the Viscon treated CARB diesel are biodegradable like the fuel 
molecules. The pure hydrocarbon PIB molecules do not raise transformation issues when 
combined with CARB diesel. UHMWPIB is a non-toxic substance cleared for use in 
packaging exposed to food (see Attachment I, Food-Contact Applications). Exposure to 
UHMWPIB does not raise chronic or acute exposure or other issues related to human 
exposure in any media (see Attachment 2, BASF's Oppanol - Polyisobutylenes). 

111-0.2 Viscon Additive 

The potential exposure pathways for Viscon in relation to both human and ecological 
receptors are reduced compared to those for CARB diesel. Viscon is used at a 
concentration of less than 500 ppm in CARB diesel. The volume of product which may 
be exposed to human or ecological receptors is 1I20lh of I% of CARB diesel volume, if it 
is assumed that all CARB diesel is treated with Viscon. The viscosity of Viscon is 57.97 
Centipoise (cP) at 1,800 reciprocal seconds (D(l/s» at 90° F compared to 2.33 Centipoise 
(cP) at 1,800 reciprocal seconds (D(l/s» for CARB diesel. The higher viscosity of 
Viscon further limits the exposure pathways for human and ecological receptors when 
compared to neat CARB diesel because of reduced migration in soil, and reduced 
dispersion in water. Viscoelastic properties of Viscon, an immediate and temporary 
increase in viscosity under shear stress, further limit the spread of Viscon in an active 
water system such as a river or creek, where the action of the water causes the spill to 
consolidate and not break up and spread on the surface. The cohesiveness of Viseon also 
reduces potential pathways to human and ecological receptors because of the 
significantly increased capabilities of spill containment and recovery equipment to 
control and recover an accidental spill when compared to a spill of CARB diesel (see 
Attachment 9, Oil Spill Recovery Using Elastol, Reports 1-3 and Attachment 12, Toxicity 
and Soil Penetration). 

III-E. Risk Determination 

III-E.l Waste Management 

A release of CARB diesel treated with Viscon would respond to standard petroleum 
cleanup strategies and technologies the same as untreated CARB diesel. A release of 
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CARB diesel treated with Viscon would be no harder or easier to cleanup than CARB 
diesel without Viscon. 

The disposal of soils contaminated with CARB diesel treated with Viscon would be 
handled the same as soils contaminated with CARB diesel without Viscon. 

The only potential waste associated with the production of Viscon is product which does 
not meet product specification. This waste would be 99% CARB diesel and 1% PIB and 
would be handled in the same manner as CARB diesel contaminated with pure 
hydrocarbon substance. 

Discarded Viscon or CARB diesel treated with Viscon would be subject to the same 
disposal regulations as discarded CARB diesel. 

III-E.2 Risk/Benefit Assessment 

There is no significant risk to human health or to the environment caused by the 
production, transportation, handling, storage or use of Viscon as an additive to CARB 
diesel in addition to risk normally associated with the use of untreated CARB diesel. On 
the other hand, the use of Viscon as an additive to CARB diesel could significantly 
reduce the impact on human health and the environment associated with the combustion 
of CARB diesel in diesel engines due to demonstrated reductions in exhaust emissions of 
NOx, PM, CO and He. 
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OCT 27 '130 135: 33PM BASF 

BASF Corporation 

October 27. 2000 

GTA Technologies, Inc.. 
Attn. Jerry Trippe 
7400 Ga/lerher Road 
Gainesville, VA 20155
 

Fax: 703 753 9476
 

cffip /------ -- ----.. ')'1/2 

~~' 

RE; Oppanol Approvals for Food Contact 

Dear Jeny,
 

As per your request, please find attached the requested Information on Oppanol in contact with food.
 

This is for informational purposes only. In case you intend to use a specific Oppanol grade in an applicalion
 
with food contact, I will ask Product Stewardship to issue a statement covering that particular grade..
 

If you have any questions or comments, please do not hesitate to call me at 973 426 2531.
 

UII Eichenauer 
MarKeting Manager 

Attachment 

3000 Continental Orlve - North, Mount Olive, New Jersey 07628-1234 Telephone: (973) 426-2600
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I 
I Food-Contact Applications 

II	 Oppanol fulfil the requirements of: 

I,I.
I 

•	 US FDA 21 CFR 172.615 Chewing gum base 

I. 
• American Food Chemical Codex of 1996 concerning 

chewing gum 
•	 German legislation regarding chewing gum

( • US FDA 21 CFR 175.105 Adhesives 
• us FDA 21 CFR 175.125 Pressure-sensitives adhesives 

II • US FDA 21 CFR 175.300 Resinous and polym. Coatings 

I 
• US FDA 21 CFR 176.189 Component and paperboard in 

contact with dry food . . 
• . US FDA 21 CFR 177.1420 Polyisobulene polymers 

(Oppanol B 100 and higher molar mass products)I • US FDA 21 CFR 178.3'570 Lubricants with incidental 
food contact

I	 • US FDA 21 CFR 178.3910 Surface lubricant used in the 
manufacture of metallic articles 

I	 • German Health authorities recommendation on 

I
 
1... 

polyisobutene(Empfehlung XX, Polybuten. 167.
 
Mitteilung Bundesgesundheitsblatt 27, 289, 1984)
 

•	 Gernlan regulation concerning use for toys or for 
consumer articles that come into contact with foodI	 (Lebensmittel-und Bedarfsgegenstandegesetz,
 
Paragraph 5, No.1 and No 5)
I 

I 
I 
I 
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HELPING MAKE PRODUCTS BElTERlil 
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BASF

I
 

BASF INVENTED PIB. NOW WE'VE MADE IT BElTER. 
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I 
1. PortfolioI 

Oppard products are dassified into two goups accordi1g to mdectAar weight: 

I	 MM-Oppanol: 
Medium molecular weight (Mv 40,000 - 85.(00) 
HM-Oppanol:

I High molecular wei!tlt (Mv 20,0000 - 4,OOO,00Cl) 

Products

I 
MM-Oppanol: 
B 10SFN, B 12 SFN, B 13 SFN, B 15 SFN

I	 HM-Oppanol: 
B 30 SF, B 50, B 50 SF, BOO, B 100. B 150, B 200 

I 2. Chemica/ Nature 

I 
The Oppanol types consist of polyisobutylenes with different molar masses. They are 
mainly used in the production of adhesives, sealants, lubricants, coatings and chevving 
gum. 

3. Genera/InformationI 
3.1. Properties 

Purity 

Oppanol is pure polyisobutytene with an ash content of less than 100 ppm and a 
heavy metal content of less than 3 mglkg (except for iron < 10 mglkg). 

I.I
I . 
I
 Food-Contact Applications
 

The Oppanol polymers fulfiU the 21 CFR 115.300 

requirements of Goonan legislation Resinous and polymeric coatings 

I regarding chewing gum and the 
21 CFR 116.180 regJlations concerning chewing gum 

'I 
contained in the Amaican Food Components of paper and paperboard 

Chemical Codex of 1996 and FDA in contact with dry food 

Paragraph 21 CFR 172.615 "Chew'ing 
gum base'.	 21 CFR 111.1420 

Polyisobutylene polymers (Oppanol B I ~ 
100 and products with a higher molar ....- ­"	 In addition the use of Oppanol products 

is governed by the following FDA mass) 
regulations: 

'I 21 CFR 178.3510 

21 CFR 175.105 Lubricants with incidental food contact 

Adhesives 

'I 
21 CFR 178.3910 

21 CFR 115.125 Surface lubricants used in the 
manufacture of metallic articlesPressure-sensitive adhesives 

II 
II.....__~ 

I 
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Appearance, Color, Odor 

Oppanol is virtually colorless and very 
tacky. Its tack decreases substantially 
with increasing molar mass. Oppand is 
virtually tastaess and odor-free. 

Water Resistance 

Oppanol is fully resistant to water, 
including boiling water. It is completely 
insoluble in water. 

Permeability to Gases and 
Water Vapor 

Oppanol has very low permeability to 
gases such as Argon. water or aqueous 
solutions. Oppanol is resistant to the 
following substances at room 
temperature: 

,;,:	 Diluted and concentrated acids 
(hydrochloric acid. sulfuric acid, 
phosphoric acid, chlorosulphonic 
acid, phenolsulphonic acid. formic 
acid, acetic acid) 

E: Diluted and concentrated ammonia 

I.	 Diluted and concentrated solutions of 
sodium hydroxide and potassium 
hydroxide 

IIIl	 Aqueous quicklime, aqueous 
hydrogerl sulfite, copper sulfate 
solution, hydrogen peroxide, 
potassium permanganate solution, 
chromic acid, potassium dichromate 
solution 

Oppanol has adequate resistance to: 

lii'	 Concentrated nitric acid and mixed
 
acid
 

Oppanol is not resistant to: 

Ii! Chlorine and bromine in liquid,
 
aqueous or gaseous form
 

Solvent Resistance 

Oppanol is insoluble in: 

f!j	 Methanol, ethanol, ethylene glycol.
 
glycerin
 

:c' Acetone. cyclohexanone 

~ Methyl acetate, ethyl acetate 

Oppa.nol is solvated by 

IS' Butyl acetate 

!'~	 Oils and fats of animal and vegetable 
origin 

Oppanol is soluble in: 

•	 Paraffin, moo-a! oil (gasoline, diesel oil, 
lubricating oil, bitumen) 

~'"	 Benzene, toluene, xylene, 
cyclohexane, poIy-a-oiefins, oil 
soluble synthetic esters 

Methylene chloride, tetra
 
chloromethane, dllorobenzene
 

I!l! Carbon disulfide 

Resistance to Low 
Temperatures 

Oppanol remains elastic at temperatures 
down to -50"C. It gradually becomes 
harder at lower temperatures and 
everltually becomes brittle. 

Heat Resistance 

III The mechanical properties of high 
molecular weight Oppanol remain 
virtuaDy unchanged up to a 
temperature of about 100"C. It 
gradually becomes plastic at higher 
temperatures. and it starts to flow at 
180 - 200'C (mder nitrogen). The 
polymer starts to degrade rapidly at 
this temperature in the presence of air. 

£L'	 Medium molecular weight Oppanol 
starts to flow at about 100"C. It starts 
to degrade at 160 - 18O"C. 

Resistance to Sunlight and 
Oxidation 

Unstabilized Oppanol undergoes hardly 
any discoloration in diffuse light. and it 
does not undergo any other significant 

physical changes. It begins to degrade in 
direct sunlight, and especially when 
irradiated with LN light, which is 
indicated by a decrease in strength and 
elasticity and increased tackiness. The 
resistance of Oppanol to sunlight can be 
imprO'v'OO substantially by adding 
pi~tsand fillers such as carbon 
black or by adding antioxidants and UV 
stabirlzers. 

Affinity for Fillers 

0ppan0I has a high affinity for all types of 
fiHers. There is no difficulty in preparing 
sheets consisting of 1 part of Oppanol 
and 10 parts of fillers such as china clay, 
dlaIk or talc, etc. 

Compatibility with Rubber, 
Resins, Waxes, etc. 

Oppanol can be mixed with rubber and 
rubber substitutes. 

Dielectric Properties 

Oppanol is a nonpolar, hydrocarbon 
polymer. It is an excellent insulator, and 
its dielectric properties are not affectoo 
by prolonged immersion in water. 

Dimensional Stability 

Oppanol displays cold flow. and 
undergoes permanent deformation 
under a permanent load. 

Reactivity 

Oppanol is an almost completely 
saturated paraffinic polymer, and 
therefore practically inert. 

Cross-linking 

The methods that are usually used to 
cross-link saturated ethylene polymers, 
such as applying high-energy radiation 
or adding peroxide and aUowing it to 
decompose, cause Oppand to break 
down. 

Because Opp~ is saturated, it cannot 
be vulcanized with sulfur. Peroxides 
need to be added to Oppanol before it 
can be vulcanized. 



I 
Typical properties 

I 
I
 Glass transition temperature, T9 (DSC)
 

Specific heat, c
 

I Thermal conductivity, A.
 

Refractive index, n"'D 

I
 
I Dielectric constant, Er (50 Hz, 23°C)
 

Dissipation factor. tan S(50 Hz, 23°C)
 

I
 
Specific resistance
 

CoeffICient of permeability to water vapor
 

I
 

0.92 glarl" 

-62 

2.0 

0.19 

1.51 

2.2 

1,016 

I 
I 
I 
I 
I 
I 

Note: 

The details presented here on the 
properties and processing d Oppana® 
and its applications a-e for information 
purposes only. They do not constitute a 
specification or a guarantee of specific 
properties. 

3.2. Processing 

Oppanol is usually packaged in 20 kg 
cardboard boxes, 20 kg bags, and 100 
Ibs drums. 

Oppanol is a thennoplastic and can be 
processed with conventional machinery 
used in the rubber industry, such as 
kneaders, roll mills, calendars, single­
and twin-screw extruders, and extrusion 
presses. Recently, press mixers have 
also been used. 

I 



I ---_._._----_._-­

3.3. Removing Packaging 

I 
Cardboard box (FIQ. 1 - FIQ. 4) 

I BASF recommends opening the 

I 
box on both sides longtudinally by 
hand (Rg. 2), pulling out the flaps 
(Rg. 3), and folding down the side 
walls (Rg. 4). 

I 
I 
I 
I '.• : ; . 

'.,:., .
:.:-:.--.-~., ~ '-:..: .~:j .. :" .. 

I '------- ­

I Figure 3 

I 
I 
I 
I 

Figure 6 

I
 
I
 
I
 Plastic bag (Rg. 6 - Ftg. 8)
 

.....--..._--_._----------- ­

- - .­
~nor, 
~ 

'~../
~:"!:~.' 

~-' 
. 

Figure 1 FIgure 2 

Figure 4 

Ftgure5 

Drum (Fig. 5) 

Remove lid from the top of the 
drum. Place drum upside down to 
remove the material. 

Figure 7 Figure 8 

BASF recorrmends aJtting open the liler at the front and the sides (Rg. 7). If the
 
bag sticks to the contents and is difficult to remove, then the bag can be inflated with
 

I compressed air (Ftg. 8) before it is cut open.
 

__C!] 
I 
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3.4. Applications r Formulations that Contain 
Fillers 

I Building industry: 

I 
For sealing membranes used to seal 
buildings from standing water; roofing 
rnerrbranes with or without standing 
water. waterproofing for tunnels and 
cellars in combination with bitumen 

I Corrosion protection: 
Unings for chemical reactors, other 
vessels, and undertx>dy sealants for 

I automobiles 

Electrical industry: 

I Conductive films filled with graphite and 
magnetic films filled with barium ferrite 

I
 
Electrical insulation:
 
Extremely high flashover voltage 

Inorganic fillers: 

I
 Garbon black. graphite, chalk, shale.
 
quartz, china day and talc 

Thermoplastic additives: 

I Thermoplastics such as 'EVA 

I 
copolymers. PP, HOPE, LOPE and 
LLDPE act as plasticizers at 
temperatures above their melting point. 
They reduce shear, resulting in less 

I 
mechanical degradation when Oppand 
is processed. At temperatures below 
their melting point, these thermoplastics 
act as fillers at low deformation. resulting 
in a higher modulus at e1astidty and a 
higher elongation at break. 

I Rubber Industry 

Coating compounds:

I Additive for compounds of natural and 
synthetic rubber 

I
 Regeneration:
 
Used in the regeneration of waste 
vulcanized rubber 

I Cable sheathing: 

I 
Gocx:l insulator with self sealing 
properties to prevent short circuits if 
sheathing is punctured 

Ebonite compounds: 
Increases the irlllact resistance of 

I ebonite 

~~ 

!:i 

I 

: .. :0-. ~-' .. t:..:..,.':"'" ··::...:...~:..•. ~~~:_-_-.;.:._;~-::..:':c~ ." .....,. H 

Mixtures with Waxes 

Mixtures of this type are mainly used to 
coat, impregnate and laminate paper, 
plastic film, and metal foil. 
Advantages: High melt viscosity, low 
permeability to water vapor, very pliable 
film, better adhesion, improved 
sealability 

Mixtures with Bitumen 

Advantages: Increased melt viscosity, a 
more pliable bitumen film, improved 
resistance to changes in temperature ~n 

bridge construction), higher weathering 
resistance. better adhesion. very high 
water resistance 

Adhesives 

Oppanol®is used on aCCOl.J1t of its 
resistance to aging and to attack by 
chemicals in pressure sensitive 
adhesives for technical and medical 
applications, such as surgical plasters, 
sealing tapes, insulating tapes, masking 
tapes and anticorrosion tapes. 

Permanently Elastic Sealants 

Permanently elastic sealants (mainly for
 
double-glazed windows) can be
 
manUfactured by blending different
 
Oppanor® types and using fiMers such as
 
chalk, zinc oxide, china day or barites.
 
Bitumen may also be included in the
 
forrrulation.
 

Chewing Gum Base 

Chewing gum base is manufactured by 
mixing Oppanol with chalk, corn oil. 
paraffin wax and other waxes and fats, 
etc. 1lle chewing gum itself is made by 
adding icing sugar. dextrose, gycerin, 
dtric add and flavoring to the chewing 
gum base. 

Mixtures with Mineral Oil and ~ Lubricants 

0ppan0I can be used to increase the .........
 
viscosity and adhesion of oils and chain
 
lubricants, or as a thickener for
 
lubricating grease, and a drag reducer in
 
oil pipelines.
 



I 
4. Other Possible Applications I 
- Oppano~ 

I Ii Disposal of solid and liquid waste
 

r;; Disposal of metal dust, asbestos dust, and toxic sludge
 

I • Removing oil pdlution frem water 

I 
i} Cleaning up oil slicks after tanker accidents
 

~; Recyding plastic waste 6n the automotive sector)
 

E"~ Can be processed chemicafty into lubricant additives. copolymers, and sealants
 

with enhanced adhesion 

I - Blends of Oppanof®and other polymers 

~ Sterile tubes for medical suction equipment 

I • Infusion tubes 

I 
~ Seals for disposable syringes
 

'-I Medical metering equipment
 

I~~ .Automotive films
 

i.' Decorative films, including films laminated with textile fibers Note: 

I 
L..' Household films 

~; Cling film for food packaging The details presented here on the 
properties and processing of Oppanolrs Peelable film for yogurt containers. etc. 
and its applications are for information 1M Cosmetic packaging 
purposes only. They do not constitute a 

I . Ei: Sealants for bottle caps 
specification or a guarantee of specific 

i!J Non-slip tablemats properties. 
t:! Protective panels for vacuum cleaners 

I 
5. Specifications, Technical Literature, Safety Data Sheets, andI 

Product Range 
Product range:I , 

I 
loppanol Molecular Weight Consistency 

Mw(GPC) Mv 

t 
810SFN 36.000 40,000 Soft. resinous 
812 SFN 51.000 55,000 Soft, resinous 
813 SFN 60,000 65,000 Soft, resinous 
815SFN 75,000 85,000 Soft, resinous The C of A lists Staudinger index (Jo) 

measured by a BASF method. 

I B30SF 200,000 200,000 Soft, resinousSpecifications, technical literature, and 
safety data sheets are available from 8 SO/ 8 50 SF 340.000 400.000 Soft, resinous 

your local BASF representatives. 880 750,000 800,000 Rtbbely 
8100 1,100.000 1,110,000 Rtbbery

I 8150 2,500,000 2,600,000 Rubbery 
8200 4,100,000 4,000,000 Rtbbely 

I
 
I
 



The pallet is covered with shrink wrap to protect it from moisture. 

On one pallet there are 30 cardboard boxes or 9 drums. 

A large, colored sticker is attadled to one of the boxes on 
each pallet in order to draw attention to the designation of 
the product. Attached to the same box is a stamped label, 
which gives details of the total net weight of the pallet load 
and the nurroer of the pallet. This serial number is important 
for tracing back the pallet and for processing shipment 
related requests. 

rlMl.·r~ . . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
II,
 
I 
I 
I 
I 

II
 

'I
 
'I
 
I
 

6. Markings 

6.1. Oppano~ B 10 SFN, B 12 SFN, B 13 SFN, 
B 15 SFN, B 30 SF, B 50, B 50 SF 

These products are packed in 20 kg (44 Ib) corrugated 
cardboard boxes with an inner si6cone release coating and 
in 100 Ib paper/fiber drums lined with a silicone coated 
nylon finer. 

The lid is labeled as follows: 
BASF Oppanol B XX XXX 20 kg 
BASF AktiengeseUschaft 0-67056 Ludwigshafen 
MADE IN GERMANY 

The cardboard boxes are labeled on only one side of the 
box. 

The symbols for "this side up" and "protect from moisture" 
also appear. 

:f .. ! . 
i 
I 



I 
6.2. Oppano(IJ B 80, B 100, B 150, B 200 

I These products are supplied in 20 kg LDPE bags.
 

I
 
Each bag is labeled as foUows:
 

BASF Oppanol B XX XXX 20 kg
 
BASF Aktiengesellschaft D-67056 Ludwigshafen Germany


I The bags are also labeled with the code nurrt>er of the packaging and a recycling 
syrrt>ol. 

I The grade of product is printed on the label. 

I 
The bags are suppfied on pallets in units of 30 (Oppanol B 150 / B 2(0) or 40 
(Oppanot B 80 / B 1(0). A large corrugated cardboard cover is placed over the bags 
on the pallet in order to ensure that the stack remains stable when the bags at the 
bottom are deformed under the weight of the bags on top as the result of cold flow. 

I A large sticker is attached to the cardboard cover of each pallet in order to draw 

I 
attention to the designation of the product. A label is also attached which gives detaas 
of the total net Weight of the pallet load and the number of the pallet. This pallet 
number is important for tracing back for processing complaints. 

The cardboard cover is then shrink wrapped to protect it from moisture. 

I 
7. DispatchI 

~~ 

oppanOr·:, 

BASF . . • r 

Oppaoo'i·
,~" 

~.~...~j 

I' /.K ' t:h: ...-.. . ..~ ': 

...- ...-.-------.. ~~Mti 

<?p~nGb;it"
 

I 
When the product is ready to be shipped, labels are attached providing details of the internal work order number and customer 
specific information. 

These labels appear on the outside of the shrink wrap. 

I 
8. Traceability 

I 
I 

In case of questions about the shipped product. information can be retrieved from our system. It is important that all information 
printed on the packaging, on the pallet, and on paperwork associated with the shipment Oncluding purchase order, internal work 
order numbers, etc.) should be kept for your records. 

I 
The paRet number helps us to identify the exact production time (within one hour) and therefore all of the quality information can be 
retrieved. Please, note that the pallet number is attached only once to the outside shrink wrap on the pallet. 

Note: 

I The details presented here on the 
properties and processing of Oppanol 
and its applications are for information 

I purposes only. They do not constitute a 
specification or a guarantee of specific 
properties. 

I
 
I
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Attachment 3
 I
 
II Viscon Production Flow 

I
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Attachment 4
 

I
 Customer-Site Storage 
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Attachment 5
 

Viscosity Measurements 
(Quality Control) 



I Data-report C:\RHE028\DATA\Batch # 222.dat 09:03 03101107 page 1 

I
 
Customer:
 
Measurfng-klent: 
Medium-klent: 
Operator:

I Comment 

Program filename:
 

I Prog.mode:
 

I
 
Date:
 
Block termination:
 
Block 2 of 2:
 
measuring-system:
 
Rheometer: 

I
 filters active
 
t(s]>=15 
data-graph: 

I 47.0 

I 46.8 

44).4) 

3
I
I i 46.4 ;'" ~ 

46.2;:;r01 . 'Ie 
,~ - ,_: 

I • f 

46.0f 

Quality Control 
Batch#f.222 
Tower 3 
Misty 

Batch was made 10.09.06 

C:\RHE028\PROO\VISCOfl Sequence.seq 
sequence 
06:5810/10/06 
Block end 

CC48DIN 
RlS+ RheometerVer.:9.00 from 15.02.05, serialnumber: #303117 

1 
\ 

~., j\ .~,P \', " ""'. jA"~\.: ,)1'\, '" \~, 

47.0 

46.8~ 
46.4) 

\
r 

~46.4 ! 
( \J. ­
46.2 

46.0 

I 45.8 ---.-,~~,.....\ ...,-,---r---r-r,--rl---,,---.--r-r-,~I-,--,-.-,~,...,-,-'-1-r,----r---T---,,-j,.---,--'-.---r--r---,--,--,.----r---r--Jr 45.8 
15 20 25 30 35 40 45 50 

I t[s] 

I 0---0 a.(cPPf(I(aJ):9lIIdl I- 222.dIt. Block 2 

I 
~ a.(cP)zf(1(an8lSch I- 222.dll1, Block 2
 

0---0
 

~ 

0---0 

I 
~ 

0---0 

~ 

I
 
I
 
I
 



I Data-report: C:\RHE028\DATA\Batch # m.dat 09:03 03101/07 page 2 

I 
Data-grid: Batch # 222.dat BIock:2
 
Datafilter is active!
 

I 
MP# tIs] Eta[mPas] 0[1/5] Tall[Pa] TroC] M[%.] n(rpm] Step
15 15 45.94 250 11.464 32 60.44 48.62 1 
16 16 46.32 250 11.581 32 60.95 48.62 1 
17 17 46.28 250 11.569 32 60.89 48.62 1 

I 
18 18 46.15 250 11.538 32 60.72 48.62 1 
19 19 46.18 250 11.545 32 60.76 48.62 1 
20 20 46.19 250 11.547 32 60.77 48.62 1 
21 21 46.24 250 11.56 32 60.84 48.62 1 

I 
22 22 46.22 250 11.556 32 60.82 48.62 1 
23 23 46.16 250 11.539 32 60.73 48.62 1 
24 24 46.35 250 11.587 32 60.98 48.62 1 
25 25 46.19 250 11.548 32 60.78 48.62 1 
26 26 46.32 250 11.581 32 60.95 48.62 1 
27 27 46.45 250 11.613 32 61.12 48.62 1I 28 28 46.33 250 11.583 32 60.97 48.62 1 

I 
29 29 46.22 250 11.554 32 60.81 48.62 1 
30 30 46.25 250 11.563 32 60.86 48.62 1 
31 31 46.23 250 11.557 32 60.83 48.62 1 
32 32 46.22 250 11.555 32 60.82 48.62 1 

I 
33 33 46.18 250 11.546 32 60.77 48.62 1 
34 34 46.49 250 11.623 32 61.17 48.62 1 
35 35 46.12 250 11.531 32 60.69 48.62 1 
36 36 46.19 250 11.547 32 60.77 48.62 1 
37 37 46.52 250 11.629 32. 61.21 48.62 1 
38 38 46.38 250 11.594 32 61.02 48.62 1I 39 39 46.3 250 11.576 32 60.93 48.62 1 

I 
40 40 46.87 250 11.718 32 61.67 48.62 1 
41 41 46.1 250 11.525 32 60.66 48.62 1 
42 42 46.16 250 11.539 32 60.73 48.62 1 
43 43 46~72 250 11.679 32 61.47 48.62 1 

­

I 
44 44 46.9 .250 11.726 32 61.72 48.62 1 
45 45 46.26 250 11.564 32 60.86 48.62 1 

Analysis-results:
 
filter activated: tIsj>=15
 

I step1: average/mean of Eta[Pas}=0.046, 8=0.0002
 
End of report 

I 
I 
I 
I 
I 
I 
I 



II 

'f) 

Data-report C:\RHE026\DATA\Bateh # 329.dat 06:51 03101107 page 1 

II
 
II
 
II
 
II
 
I


I
 
II
 
I
 

I,II

II
 
I .
 
I
 

II
 
II
 
II
 
II
 

I
 
I
 
I
 

Customer: 
Measuring~ent: 

Medlum-ldent: 
Operator: 
Comment 

Program filename:
 
Prog.mode:
 
Date:
 
Block termination:
 
Block 2 of 2:
 
measuring-system:
 
Rheometer:
 

filters active
 
t(s]>=15
 
dala-graph:
 

45.40 

i\ "'!45.35 I \ \ 
45.30 .... 

D.. 
(.)ca 45.25 

\

\/
J-w 

(1)45.20 

45.15 

45.1 0 I--.--..,.........,_--r---.----r--<~.___,__~~,........._--r-r--,--,---.--.....-.-T""""""O..,.........,---.--.-___,_,_~c_r_l 45.10
 
15 20 25 30 35 40 45 50
 

0----<> 

~ 

0----<> 

~ 

0----<> 

~ 

0----<> 

~ 

t(s] 

BCI(cP}-fQ(s)):BliIldI' 329.dl1l, BIocIc 2
 

BCI(cP}-f(tIs);B8Id1 , 329.dIIt. BIocIc 2
 

Quarlty Control
 
Batch '329
 
Tower 2
 
Preston 

Batch was made 12.8.06 

C:\RHE028\PROG\Viscon Sequence.seq 
sequence 
06:4411112106 
Block end 

CC46DIN 
R1S+ RheometerVer.:9.00 from 15.02.05, Serialnumber: #303117 

45 40
r . 

f45.35 

45.30 
m 
At45.257)

W
: .. ,:g 

45.20 

45.15 



I 
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Data-report C:\RHE028\DATA\Batch # 329.dat 08:51 03101107 page 2 

I 
Data-grid: Batch # 329.dat 8Iock:2
 
Datafi/ter is active!
 

I 
MP# tis] Eta(mPas] D{1/s] Tau[Pa] T("C] M[%.] "[rpm] Step
15 15 45.26 250 11.314 31.4 59.55 48.62 1 
16 16 45.26 250 11.316 31.4 59.56 48.62 1 
17 17 45.2 250 11.3 31.4 59.47 48.62 1 
18 18 45.29 250 11.322 31.4 59.59 48.62 1 
19 19 45.3 250 11.325 31.4 59.6 48.62 1 
20 20 45.37 250 11.342 31.4 59.69 48.62 1 
21 21 45.32 250 11.33 31.4 59.63 48.62 1I 
22 

I 
22 45.32 250 11.329 31.4 59.63 48.62 1 

23 23 45.27 250 11.318 31.4 59.57 48.62 1 
24 24 45.27 250 11.318 31.4 59.57 48.62 1 
25 25 45.36 250 11.341 31.4 59.69 48.62 1 
26 26 45.32 250 11.33 31.4 sa.63 48.62 1 
27 27 45.24 250 11.309 31.4 59.52 48.62 1I 28 28 45.36 250 11.341 31.4 59.69 48.62 1 

I 
29 29 45.24 250 11.311 31.4 59.53 48.62 1 
30 30 45.26 250 11.315 31.4 59.55 48.62 1 
31 31 45.34 250 11.334 31.4 59.65 48.62 1 
32 32 45.23 250 11.308 31.4 59.52 48.62 1 

I 
33 33 45.19 250 11.298 31.4 59.46 48.62 1 
34 34 45.22 250 11.305 31.4 59.5 48.62 1 
35 35 45.23 250 11.307 31.4 59.51 48.62 1 

I 
36 36 45.26 250 11.315 31.4 59.55 48.62 1 
37 37 45.19 250 11.298 31.4 59.47 48.62 1 
38 38 45.29 250 11.322 31.4 59.59 48.62 1 
39 39 45.15 250 11.287 31.4 59.41 48.62 1 

I 
40 40 45.2 250 11.3 31.4 59.48 48.62 1
 
41 41 45.24 250 11.311 31.4 59.53 48.62 1
 
42 42 45.21 250 11.303 31.4 59.49 48.62 1
 
43 43 45.12 250 11.279 31.4 59.36 48.62 1
 
44 44 45.16 250 11.289 31.4 59.42 48.62 1
 
45 45 45.12 250 11.28 31.4 59.37 48.62 1


I 
Analysis-resutts:
 
filter activated: t(s]>=15
 

I step1: average/mean of Eta(Pas]=0.045, S=0.0001
 
End of report 

I 
I 
I 
I 
I 
I 
I 
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I Data-report: C:\RHE028\DATA\Batch # 313.dat 08:50 03101/07 page 1 

I 
Customer: Quality Control
 
Measuring-ldent: Batch.313
 
Medium-ldent: Tower 1 

I
 
Operator:
 
Comment
 

I
 
Program filename:
 
Prog.mode:
 
Date:
 
Block termination: 
Block 2 of 2: 

I
 measuring-system:
 
Rheometer: 

I
 
filters active
 
t{s]>=15 
data-graph: 

I 48.0 

I 47.8 

I Ii:' 47.6

*I 47.4 

Misty 

Batch was made 11.07.06 

C:\RHE028\PROG\VISCOO sequence.seq 
sequence 
06:02 08111106 
Block end 

CC48 DIN 
RIS+ Rheometer Ver.:9.00 from 15.02.05. Serialnumber: #303117 

~ 

./' I\ 
\" \ I\ 

I ., ...)47.0 \ ? ~:,y. 47.0 

I
 
~: ..,'
 

.....

46.8 I---r-.....,.-,.-..--r--r---.--r--,--r-r-......-.--.--,r-r--.-.--..---,--r-........,...-r-r-r-.........,---r-r-.----.~..,__j
46.8 

I 
15 20 25 30 35 40 45 50 

t[s] 

I 0--0 B8(cf>Ff(I(aD:Batch , 313.d111, Bloct 2 

I 
)(--X B&(cPl=f(l(aD:Bltdl' 313.d111, Bloct 2
 

0--0
 

)(--X
 

0--0 

)(--X 

­I 
0--0

I
 
I
 
I
 

47.2\j "J"~ j \ 

48.0 

47.8 

:c 47.6
I 

m 

j it 

I 47.4 n' 
"'V-../ ' 



I Oata-report: C:\RHE028\OATA\Batch # 313.dat 08:50 03101/07 page 2 

I 
Data-grid: Batch # 313.dat BIock:2
 
Oatafilter is active!
 
MP# tIs] Eta(mPas] 0[1/5] Tau[Pa] T[°C] M[%.] n[rpm] Step
15 15 47.26 250 11.816 31.9 62.19 48.62 1 
16 16 46.84 250 11.71 31.9 61.63 48.62 1I 17 17 47.24 250 11.81 31.9 62.16 48.62 1 

I 
18 18 47.11 250 11.n8 31.9 61.99 48.62 1 
19 19 47.47 250 11.868 31.9 62.47 48.62 1 
20 20 46.99 250 11.747 31.9 61.82 48.62 1 
21 21 47.07 250 11.768 31.9 61.94 48.62 1 

I 
22 22 47.42 250 11.856 31.9 62.4 48.62 1 
23 23 47.56 250 11.891 31.9 62.59 48.62 1 
24 24 46.91 250 11.728 31.9 61.73 48.62 1 
25 25 47.87 250 11.968 31.9 62.99 48.62 1 
26 26 47.02 250 11.754 31.9 61.86 48.62 1 
27 27 47.28 250 11.819 31.9 62.2 48.62 1

I 28 28 47.27 250 11.817 31.9 62.2 48.62 1 

I 
29 29 47.83 250 11.958 31.9 62.94 48.62 1 
30 30 47.08 250 11.769 31.9 61.94 48.62 1 
31 31 47.03 250 11.758 31.9 61.88 48.62 1 
32 32 47.64 250 11.909 31.9 62.68 48.62 1 

I 
33 33 47.47 250 11.867 31.9 62.46 48.62 1 
34 34 46.91 250 11.728 31.9 61.73 48.62 1 
35 35 47.76 250 11.941 31.9 62.85 48.62 1 
36 36 47.19 250 11.797 31.9 62.09 48.62 1 
37 37 47.05 250 11.763 31.9 61.91 48.62 1 
38 38 47.28 250 11.82 31.9 62.21 48.62 1

I 39 39 47.62 250 11.905 31.9 62.66 48.62 1 

I 
40 40 47.2 250 11.799 31.9 62.1 48.62 1 
41 41 47.03 250 11.757 31.9 61.88 48.62 1 
42 42 47.67 250 11.918 31.9 62.73 48.62 1 
43 43 47.3 250 11.824 31.9 62.23 48.62 1 
44 44 46.92 250 11.731 31.9 61.74 48.62 1 
45 45 47.62 250 11.905 31.9 62.66 48.62 1 

I 
Analysis-i'esults:
 
filter activated: t[s}>=15


I step1: average/mean of Eta{Pas]=0.047, S=O.0003
 
End of report 

I 
I 
I 
I 
I 
I 
I 



I Data-report C:\RHE02B\DATA\7.000 Gal. 01.02.07.dat 08:49 03101107 page 1 

Customer: 

I
 Measurlng-ldent:
 
Medium-klent: 
Operator: 

I
 
Comment
 

I
 
Program filename:
 
Prog.mode:
 
Date:
 

I
 
Block termination:
 
B1ock20f2:
 
measuring-system:
 
Rheometer. 

I 
filters active 
t(s]>=15 
datB-graph: 

I 45.3 

I 
I 
I 
I 

Quality Control 
7,000 Gallons 
Tank 351 
Misty 

7,000 gallons going to Texas pulled from Tank 35101.02.07 

C:\RHE02B\PROG\VISCOt1 Sequence.seq 
sequence 
12:2302101107 
Block end 

CC48DIN 
RlS+ Rheometer Ver.:9.00 from 15.02.05, serialnumber. #303117 

45.1 

45.2 

44.8 

45.3 

45.2 

45.1 

!!! 
45.0 nm 

.::g 
44.9 

44.8 

I 44.7 I~-'---'-----.----r---r--->---,--...-,--.---.----r-r~---,--....--r--.---.--,-,----,----,,...-.....--r-......---.---.---.~....---l 44.7 
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Be(cPJ-1(I(sJ):7,lDl Gel. 01 r.t2D7.del, EIocll 2 

Be(cP)-f(1lsJ):7,lDl Gel. Q'I.02D7 .del, BIoclc 2 



I Data-report: C:\RHE028\DATA\7,OOO Gal. 01.02.07.dat 08:49 03101107 page 2 

Data~rid: 7,000 Gal. 01.02.07.dat Block:2 
Datafilter is active!
I MP# tis] Eta[mPas] D{1/s] Tau[Pa] TrCJ M[%.] n[rpm] Step

15 15 44.94 250 11.234 .32.2 59.13 48.62 1
 
16 16 44.74 250 11.186 32.2 58.88 48.62 1


I 17 17 44.93 250 11.232 32.2 59.12 48.62 1
 

I
 
18 18 45.12 250 11.281 32.2 59.38 48.62 1
 
19 19 44.97 250 11.243 32.2 59.18 48.62 1
 
20 20 45 250 11.25 32.2 59.21 48.62 1
 
21 21 45.18 250 11.294 32.2 59.44 48.62 1
 

I
 
22 22 44.9 250 11.225 32.2 59.08 48.62 1
 
23 23 45.03 250 11.257 32.2 59.25 48.62 1
 
24 24 45.08 250 11.269 32.2 59.31 48.62 1
 
25 25 45.03 250 11.258 32.2 59.26 48.62 1
 

I
 
26 26 44.94 250 11.234 32.2 59.13 48.62 1
 
27 27 45.06 250 11.265 32.2 59.29 48.62 1
 
28 28 45.07 250 11.267 32.2 59.3 48.62 1
 

I
 
29 29 45.03 250 11.251 32.2 59.25 48.62 1
 
30 30 44.99 250 11.247 32.2 59.2 48.62 1
 
31 31 45.17 250 11.293 32.2 59.44 48.62 1
 
32 32 44.95 250 11.237 32.2 59.14 48.62 1
 

I
 
33 33 44.99 250 11.248 32.2 59.2 48.62 1
 
34 34 45.12 250 11.279 32.2 59.36 48.62 1
 
35 35 45.07 250 11.268 32.2 59.3 48.62 1
 
36 36 45.1 250 11.214 32.2 59.34 48.62 1
 

I
 
37 37 45.08 250 11.269 32.2 59.31 48.62 1
 
38 38 45.08 250 11.271 32.2 59.32 48.62 1
 
39 39 45.1 250 11.275 32.2 59.34 48.62 1
 
40 40 45.07 250 11.268 32.2 59.31 48.62 1
 
41 41 45.2 250 11.299 32.2 59.47 48.62 1
 

I 
42
 42 45.06 250 11.265 32.2 59.29 48.62 1
 
43 43 45.11 250 11.277 322 59.36 48.62 1
 
44 44 45.2 250 11.301 32.2 59.48 48.62 1
 
45 45 45.09 250 11.272 32.2 59.32 48.62 1
 

I
 
I 

Analysis-results:
 
filter activated: t(s]>=15
 
step1: average/mean of Eta[PasFO.045, S--o.0001
 
End of report 

I
 
I
 
I
 
I
 
I
 
I
 
I
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II Dala-report: C:\RHE028\DATA\Batch #I 165.dat 08:4703101/07	 page 1 

Customer: 
Measuring-ldent:

II Medium-ldent: 
Operator: 
Comment 

II 

II
 
Program filename:
 
Prog.mode:
 
Date:
 
Block termination:
 
Block 2 of 2:
 
measuring-system:


II Rheometer:
 

filters active
 
t{s»=15


II data-graph:
 

I 48.75 

48.70I,II

I,
 
48.65
 -D­

o ..CG 48.60 
w 

48.55 

II	 i
48.50 !

I . 

Qualtly Control 
Batchtl165 
Tower #I 2 
Preston 

Batch made 8.31.06 

C:\RHE028\PROG\Vescon sequence.seq 
sequence 
10:27 06/09106 
Block end 

CC48DIN 
RlS+ RheometerVer.:9.00from 15.02.05, Serialnumber: #303117 

48.75 
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Il
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.:g 
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I 48.45 1--.-.,---,--,--,-__,.___,c----r-.-.---.----r---.----.-----,--,--,-,..-,-----,------r~~...__.,.__,___.__.--,.---,-r-..___148.45 
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>E-------¥ 
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>E-------¥ 
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>E-------¥ 

II
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t[5] 

EleI(cPJ-1(l[s]):Blltctl , 16S.dlIt, Elloc:t 2 

Ela(cPJ-f(l[sI):Blltctl , 185.dIIt, Elloc:t 2 



Data-report C:\RHE028\DATA\Batch t# 165.dat 08:47 03101/07 page 2I I 
I 

Dafa-grid: Batch t# 165.dat BIock:2
 
Datafilter is activel
 

I MP# t[s] Eta[mPas] D(1/s] Tau(pa] T("C] M[%.] n[rpm] Step
15 15 48.48 250 12.12 31.8 63.79 48.62 1 
16 16 48.65 250 12.163 31.8 64.01 48.62 1

I 17 17 48.57 250 12.142 31.8 63.91 48.62 1

I 18 18 48.63 250 12.158 31.8 63.99 48.62 1 
19 19 48.66 250 12.166 31.8 64.03 48.62 1 

I 20 20 48.62 250 12.155 31.8 63.97 48.62 1 
21 21 48.64 250 12.161 31.8 64 48.62 1

I 22 22 48.7 250 12.174 31.8 64.08 48.62 1 

I 
23 23 48.72 250 12.181 31.8 64.11 48.62 1 
24 24 48.6 250 12.15 31.8 63.95 48.62 1 

I 25 25 48.72 250 12.179 31.8 64.1 48.62 1 
26 26 48.67 250 12..168 31.8 64.04 48.62 '1 
27 27 48.65 250 12.163 31.8 64.02 48.62 1

I 28 28 48.65 250 12..162 31.8 64.01 48.62 1 
29 29 48.66 250 12.166 31.8 64.03 48.62 1I 30 30 48.54 250 12.134 31.8 63.86 48.62 1 

I 31 31 48.64 250 12.159 31.8 64 48.62 1 
32 32 48.64 250 12.161 31.8 64.01 48.62 1 
33 33 48.7 250 12.175 31.8 64.08 48.62 1
I 34 34 48.64 250 12.159 31.8 63.99 48.62 1
 
35 35 48.6 250 12.149 31.8 63.94 48.62 1
-·1 36 36 48.62 250 12.154 31.8 63.97 48.62 1

I 37 37 48.66 250 12.166 31.8 64.03 48.62 1 
38 38 48.72 250 12.18 31.8 64.1 48.62 1

I 39 39 48.71 250 12.178 31.8 64.1 48.62 1 
40 40 48.53 250 12.132 31.8 63.85 48.62 1I 41 41 48.6 250 12.15 31.8 63.95 48.62 1 

I 42 42 48.69 250 12.1n 31.8 64.06 48.62 1 
43 43 48.7 250 12.174 31.8 64.07 48.62 1 
44 44 48.62 250 12.154 31.8 63.97 48.62 1I 45 45 48.6 250 12~149 31.8 63.94 48.62 1 

I
Analysis-results:I . 
filter activated: qs]>=15
 

I step1: average/mean of Eta[Pas}=0.049, 5=0.0001
 
End of report 

I 
I 

I I 
I I
 
I I
 
I I
 
I I
 
I
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Issuance of License for Oil Spill Clean-Up Agent
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STATE OF CALIFORNIA 

State'Water Resources Control Board
 

LICENSE for Oil Spill Cleanup Agent
 

Issued to: GENERAL TECHNOLOGIES APPLICATIONS, INC. 

{ . 

PRODUCT NAME: "ELASTOL" 

. -... . 
. - .-.-.' .. , .. -.,,-.-.---.... --. 

MAyOf.-t992. DATE ISSUED: , 

EXPIRATION DATE: MAYt,1997 

. ......:. :,:_,-~'~,<..= ... _. .; - ". 

- .. _ . -_ .:< ~.: .' ~:_:~~~~ ·:,;;~:·~!i·.~-~F~*-=~~ltJ~~~~~:~·~~~,~,:,-,-_., ~- .._. :. . 
. .'.' The apnlTcant .1?ving fo/lowedthfJPrdc.e.dufffas:btitJii'1-e(iiri'JJtre;Z3;-:Chapter3, Si.Joc!Elptar 10. 
0/ the California AdminiStratbie Code:~~8.~'ifhavingSu'bm7iiiJcFproper~applicationswhich was 
reviewed by interested agencies andis founa in order forapp;oval, ttilslicense is herebyissued. 

Use of the product mustbe in strict compliance with Section 2332 ofreferencedAdministrative 

Code. '" . _._ .. ~:-_._~._._ .... ' ..J 
.. The term ofthis license shaJfbefora jJeriodof five (5)yeais unless (evoked priorto·thatd~t~ 

forgoodcause.· '. _. ­

, . This license does notdenote endorsementofthe productby the State Water ResourcesControl 
Board or any otherState agency. . 

> 

' .. . ...... 

CEJlOO~ 
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Attachment 7
 

Extensional Viscosity
 



Extensional Viscosity and a Single
 
Phenomenological Basis for the
 

GTA Fuel Additive
 

1. Approach 
We begin with the equations for Newtonian viscosity as a 

function of concentration and molecular weight. Then we look at 
the parameters influencing the extensional viscosity. Finally, 
we look at the parameters governing the evaporation of a liquid 
from the surface of an evaporating drop. The extensional 
viscosity relationship is then overlaid on the equation for 
evaporation of a liquid drop. Calculated values will be given in 
the next discussion paper. 

2. Resting Viscosity of a Dilute Polymer Solution 
The Newtonian (resting) viscosity of a very dilute polymer
 

solution is close to that of the solvent. This is a consequence
 
of the following two equations:
 

KMI/J( I ) [11 1 = and 
(II) 11sp = [11] c + k' [TJ] JcJ 

where [TJl is the intrinsic viscosity of the polymer - solvent 
system, M is molecular weight, and K is the constant of 
proportionality. Note that [TJl is weakly dependent on molecular 
weight, thus the specific viscosity of a given solution 
concentration is also little increased by M. This is especially 
the case when the polymer concentration, c, is also small as it 
is for fuel additive at 10 ppm, or 0.0010 grams per deciliter. c 
is 1x10-J g/dl and c J is 1x10-6g J /dl J • Thus the treated fuel is not 
very different from untreated fuel at rest. References for this 
are 1) Billmeyer and 2) Flory. 

3. Extensional Viscosity 
The ratio of viscosity of stretched, elongated of extended 

polymer solution to the viscosity of the unperturbed solution is 
given by . 

(II I) 

The extensional viscosity, TJ, is strongly dependent on the 
molecular weight. The term MII+Jal becomes MJ for the case of 



worst solvent for the polymer, and M3 for the best possible 
solvent. Polyisobutylene and fuel are ideally compatible and the" 
term more closely approaches M3 than M~. Despite the strong 
dependencies of ~/~o on the molecular weight, ~/~o approaches the 
low limiting value of 3 when c approaches O. This is why the 
ratio can be "tuned" to a particular type of engi,ne or burning 
condition, (further discussions will be postponed to the next 
section). The rate 'of strain, t is a measure of elongation per 
unit	 length per second, or dL/L~t. This parameter changes when 
the solution is sheared, stretched, or deformed. Physically the 
large polymer chains are deformed from a random coil conformation 
to a	 stretched chain conformation. In the absence of the strain, 
the chains thermally. relax to the random coils. Often the strain 
induces a stress which breaks some' of the extended molecules in 
the middle (mid-point break theory). However, in undergoing a 
break, the fluid is also most rigid. In other words ~L/L~t was 
very	 large and ~/~o was also maximized. Regions where ~L/L~t are 
large include turbulent liquid flow regions (drag reduction 
effect), injection from a nozzle (cohesive effect), the 
interaction of a liquid stream or droplets with high velocity 
air. These conditions exist in most modern engines, especially 
when	 conditions are changing in the millisecond to microsecond 
domain. K in this equation is obtained in the laboratory by 
plotting the log of the intrinsic viscos~ty against the log of 
the molecular weight and taking the slope of the line. K is 
constant for a particular polymer solvent system. The K for 
po1yisobuty1ene in Benzene is 1.07xlO-3 at 297°K. T enters the 
expression for ~/~o in the term l/RT where R is the gas constant. 
T has little effect on ~/~o since there is usually little 
displacement from 298 degrees (25°C). T could be 273 (DOC) or 
perhaps 325 degrees, but the effect on ~/~o is very small. 

4.	 Effects on Fuel Properties 
Under some conditions ·~/~o can approach 10,000. When this 

is too large for an optimal effect on combustion or volumetric 
efficiency, or delayed vaporization, or suppression of vapor-like 
particles, the concentration can be decreased toward zero. This 
it is always possible to tune the fuel for 2 cycle spark 
ignition, 4 cycle spark ignition, compression ignition, turbine 
or other combustion scenarios. c can also be changed for 
different carburetor or fuel injection systems. High molecular 
weight is an advantage because it generates large ~/~o values at 
low concentrations where "at rest" fuel' properties are virtually 
unaffected. There is no doubt that 5 to 10 ppm concentrations of 
7.2xI0 6 M PIB decreases energy loss in turbulently flowing fuels, 
resulting in flow rate increase of more than 20%. There is also 
no doubt that the formation of vapor-like particles is suppressed 

2 
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I
 
I
 

at low concentrations of high molecular weight PIB. These two

I effects are related to ~/~o.
 

However, ~/~o is also related to transient increases in the
 

I "solidity" and surface tension of particles produced by shear at 
surfaces or in turbulent air. The following relationships have 
been derived in "Physical Chemistry", by Moelwyn - Hughes p. 

I 1213. The derivation will not be repeated here. Consider a 
sphere of isolated liquid in an inert atmosphere at constant 
temperature and pressure. Let the radius be larger than 10-'cm. 
The number of molecules vaporizing from the surface of the sphere

I per second is given by 

(IV) dN/dt = 4~rDn° 

I 
I r is· the radius of the droplet and D is the diffusion coefficient 

of molecules within the droplet. n° is the saturation vapor 
pressure at the interface of the drop with the gaseous 
atmosphere. r m is the molecular radius. The link between D and 
~ is via the Stokes relationship or 

I (V) 

accumulating the constants and the radius of a molecule equation

I V becomes 

D = k/~, or for extensional viscosity ~. 

I (VI) D= k/~ 

I Substitution of VI into V we get 

dN/dt = 4~rkn° /~ 

I Thus during periods close to those where DAL/LAt is large, the 
rate of vaporization, dN/dt is very depressed. Simultaneously 
the droplet is very rigid and solid like, and the surface is

I equally tense or hardened. When Tj subsequently approaches 3Tjo 

I 
the rate of evaporation increases sharply. During the "hardened" 
phase both the surface tension and bulk viscosity of the droplet 
favor transport without coating or premature vaporization. This 
leads to improved performance in gasoline and diesel engines. 

I Another equation incorporates D and y, or surface tension into 
the expression for the lifetime of a spherical droplet. This 
equation is, 

I (VII) 

I 3 

I
 



I
 
I
 
I where nL is the number of molecules per cm3 in the liquid and r 

is the radius of the droplet. 

I again replacing D by k/~ we get 

I In equation (VIII) the surface tension approaches a when 

I 
saturated vapor is present above the droplet interface. and y 
approaches O. The droplet lifetime equation (VIII) then becomes 
proportional to ~. 

I Relaxation of PIB and n 

~ becomes larger as e increases. Similarly ~ decreases as E 
approaches zero. When the stretching force is released the

I extensional or elongational viscosity decreases. The increase or 

I 
decrease in ~ depends on the product of the strain E and the 
reciprocal of the time it takes for the molecule to thermally 
relax to the unstretched conformation. The units of the 

I 
stretching rate or elongation rate are reciprocal seconds and the 
units of polymer relaxation times are seconds. The product of 
the two factors is dimensionless." The following equation links ~ 

to E and 8. 

I 
8 is the relaxation time of the p th normal mode of chain 
response. Note that as t~1/281 where 8, is the longestI 

p 

relaxation time, the (l-2e81 ) term approaChes zero. As the 
denominator approaches zero, ~ approaches infinite elongational

I viscosity. The relaxation time 81 is proportional to 

I 
where [~] is itself equal to ~ and a is between 0.5 (8 solvent 
~ poor solvent) and 1.0 (perfect solvent). Thus the relaxation

I time is proportional to M2~o/RT in a good solvent. Relaxation 
time increases with M~ and therefore a state of high ~ will exist 
longer than it would for the case of a lower molecular weight.

I The mist particles would retain a high ~ for a desirable period 
during engine operation~ Since ~ approaches when e approaches00 

1/28 a high molecular weight polymer in a good solvent will

I develop an extensional viscosity that approaches infinity at 

I 4 

I
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I
 

lower extension rates than a low molecular weight polymer in a

I poor solvent. The former is the case for the GTA fuel additive 
in gasoline and diesel fuels. Concentration then provides the 
final tuning for the desired ~ at a particular e.

I Summary 

I 
1. The large ~/~o possible using low concentrations of 7.2x10' 

M PIB in gasoline and diesel fuels influences pre-combustion 
events and thus affects combustion. 

I 2. Through c, ~/~o can be tuned to improve the operation of 
several types of engines. 

I 
3. ~/~o changes are linearly dependent on concentration and 

~L/~t and this provides another dimension for engine 
tuning. 

I 4. Through c, ~/~o can be tuned to: 

I 
a) eliminate vapor-like burning 
b) promote diffusive burning (diesel) 

I 
c) develop a uniform cloud mix for improved 

combustion (diesel) 
d) improve volumetric efficiency by slightly delaying 

vaporization (2-stroke and 4-stroke spark ignition 
engines) 

e) negate undesirable surface coating effects through

I momentary increases in surface and bulk rigidity 

I 
f) pTomote diesel fuel jet penetration prior to 

ignition and diffusive burning 
g) decrease the extent of vapor explosion before TOC 

in a diesel 
h) prevent droplet agglomeration and surface wetting 

after TDC in a diesel.

I 
I 
I 
I 
I 
I 5 
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Introduction and Background 

This emission testing project is a follow-on project for Viscon California, formerly GTAT 
(Las Palmas Oil and Dehydration Company) using the same diesel engine that has 
already completed standard controlled substance emission testing in accordance with 
the CARB protocol entitled Verification Procedure, Warranty and In-Use Strategies to 
Control Emissions from Diesel Engines as Described in the Final Regulation Order, Title 
13, California Code of Regulations, Sections 2700 through 2710. 

Original emission testing and 1000 hours of durability operation with the same test 
engine was completed in 2004 with Viscon fuel treatment resulting in significant 
reductions of NOx and Particulates compared to original baseline emission 
measurements before fuel treatment with Viscon. 

Subsequent to conclusion of the above testing project, CARB has specified that the 
Viscon treated diesel fuel must additionally be tested as an alternative fuel with detailed 
exhaust emission measurements of uncontrolled substances, including toxic 
hydrocarbons, PAH's and Carbonyls. This new emission report provides all of the 
CARB required data after operating the test engine and measuring emissions in exact 
accordance with CARB pre-approved testing and analysis protocols as described in this 
detailed report. 

Since all of the previous emission and durability testing was conducted over two years 
ago the then available test fuel is no longer available. Accordingly, the same engine 
was operated and tested on commercially available ultra low sulfur diesel fuel that 
meets California ULSD specifications. Baseline emissions were again measured after 
5,0 hours of stabilizing operation with the new ULSD test fuel. Subsequent stabilizing 
operation for 125 hours with the same fuel treated with Viscon was conducted and 
emissions were again measured for comparison to the new baseline data. 

Test Engine 

The test engine for this project was a Model 3306 six cylinder Caterpillar diesel engine 
rated at 265 HP. This is the same engine (without modification) used in the prior 
emission testing to measure changes in exhaust emissions with the Viscon polymer 
additive admixed to the baseline no. 2 diesel fuel. The previous engine testing is 
described in an ETS (Olson Engineering, Inc.) summary report dated August 19, 2003 
providing the data comparisons before durability testing and a second summary report 
(Olson-EcoLogic) dated November 26, 2004 covering the emission/fuel economy 
measurements after 1000 hours of engine durability operation with the Viscon treated 
fuel. Both reports are available upon request. 
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Test Fuel 

Previous testing with the specified test engine was done in 2003 and 2004 using 
commercially available no. 2 diesel fuel for the baseline and Viscon treated test fuel. 
This fuel met California fuel specifications that existed in the earlier time frame, but such 
fuel is no longer available in the California commercial market. Accordingly, all of the 
test work described in this report was done with one batch of commercially available no. 
2 ultra low sulfur diesel fuel. This test fuel has a sulfur content of less than 15 ppm and 
other composition differences compared to the test fuel used in earlier years with this 
engine. Fuel specifications are provided in the Appendix. 

Test Protocol 

As in all previous testing with the specified test engine the official test protocol was the 
ISO 8178 8-mode steady-state test as required for certification of heavy-duty diesel 
engines in off-road applications. This operating test protocol involves the collection and 
analysis of emissions from a hot-start while operating the engine over 8-modes of 
warmed up operation at specific loads and speeds under stabilized conditions. The 
detailed testing cycle is as follows: 

:.~-;"~-;-"'--..:--' -~~~.'~ ~ --_-~ .. ..-~.--.--r-.,.----r;--~~f~~~ ~.~-_ ~ -::--.- -- -. --- - -. --- .....,.., 

~ 1..L).:.l7 -,<;~. '1j~n:UJ!>l;k:) f-J£.i..~1}" %. :£ ;:~?~IJ.t ~:)/~r~J~. 'lfoj< 
0:. ~ - h "I , _ 

1 Rated15 100 
2 15 Rated 75 
3 15 Rated 50 
4 10 
5 

10 Rated 
10 Max torque, rpm 100 

6 10 Max torque 75 
7 Max torque 50 
8 

10 
0Idle15 

The engine was operated and emissions were recorded every second of each mode for 
five minutes to stabilize emissions. The last two minutes of each mode were recorded 
second-by-second and averaged to provide the stabilized steady-state emission/fuel 
economy results. 

All engine exhaust for all modes passed through the Horiba Olson-Ecologic dilution 
tunnel. The dilution tunnel was fixed to operate at a total constant flow of 70 cubic 
meters per minute, providing variable exhaust dilution for each mode as a function of 
actual exhaust flow rates. Primary air was measured through the initial critical flow 
venturi (dilution air) and the total temperature corrected volume (Vmix) of dilutant air 
plus exhaust was measured continuously at the second critical flow venturi. The 
calculated dilution ratio mode-by-mode is simply the temperature corrected composite 
total (Vmix) divided by the exhaust flow (Vmix - dilution air). The measured dilution 
ratio is expected to be essentially a constant for the same mode for all tests, but the 
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actual dilution ratios were used as measured for each individual test to allow for test-to­
test variance. 

Gaseous emissions for each test mode were measured every tenth of a second for 
each five minutes of mode operation. Only the last two minutes of each mode were 
averaged to provide the stabilized diluted mode data. Dilute data from each mode was 
then multiplied by the specific mode dilution ratio to obtain the raw modal data and then 
multiplied by the appropriate mode weighting factor before adding all eight modes 
together. Finally, the total sum of the weighted modal data was divided by the weighted 
horsepower and by the test time to provide the weighted grams per bhp-hr for direct 
data comparisons to the official emission standards for controlled substances. 

Particulate sampling involved initial calculation of exhaust mass flow per mode from an 
actual full 8-mode test. Secondary dilution ratios in the AVL Smart Sampler calculation 
were programmed for each mode and time of sampling was adjusted to properly 
compensate for specified modal weighting factors. Since the AVL PM Sampler draws 
its sample from the exhaust dilution tunnel for each mode the dilution ratio existing for 
each mode was included in the sample calculation to ultimately determine the total raw 
exhaust volume for proper calculation of the generated particulates in grams/bhp-hr. All 
particulate sampling resulted in the capture of measured and weighted particulates on a 
single filter media for each mode of each 8-mode test (eight complete particulate 
samples per test). 

Exhaust sampling and subsequent gas chromatography analysis for uncontrolled toxic 
hydrocarbons (C2-C12) followed the detailed Standard Operating Procedure (S.O.P.) 
described in the Appendix. Modal sample collection was done for a total of 20 minutes. 
Modes 1, 2, 3 and 8 were collected for three minutes of the five minute mode, while 
modes 4,5,6 and 7 were collected for two minutes. Samples were drawn from each 
bag and analyzed by gas chromatography. The overall dilution ratio for the 8-modes 
(20 minutes of testing time) was used to correct and calculate the resulting G.C. data in 
grams/bhp-hr. ((CONCPPb/10-9)(Vmix,ft3)(Density,g/ft3)lWork,bhp-hr). Simultaneously 
samples were drawn and captured for PAH and Carbonyl analysis at an off-site location 
(Desert Research Institute) as described in the Appended S.O.P. for this procedure. 

Tasks Descriptions 

The specific tasks and order of operation were as follows: 

1.	 Modified engine/dyno coupling and adapted engine to dynamometer. 
2.	 Instrumented and MAP engine, verified test cycle and all calibrations - initiated 

engine testing. 
3.	 Operated engine over a representative load cycle for 50 hours on the ULSD test 

fuel. 
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4.	 Conducted nine standard ISO 8178 8-mode baseline emission tests for PM and 
gaseous emissions simultaneously capturing dilute exhaust gas samples from 
three of the tests for in house measurement of toxic hydrocarbons by gas 
chromatography and for off-site (Desert Research Institute) analysis of PAH's 
and Carbonyls. 

5.	 Added the Viscon product to the baseline ULS diesel fuel in the client specified 
concentrations and operated engine over the same load schedule as used in 
Task no. 3 for 125 hours to stabilize emissions. 

6.	 Conducted several unofficial ISO 8178 8-mode tests during emission stabilizing 
operation to assure effectiveness and stabilization of the Viscon product. No 
samples were captured for toxic hydrocarbons, PAH's or Carbonyls during this 
task. 

7.	 Conducted nine ISO 8178 8-mode standard emission tests with the Viscon 
treated fuel, again capturing triplicate samples for toxic hydrocarbons, PAH's and 
Carbonyls exactly as in Task no. 4. 

8.	 Conducted quality audit functions for all data, calculated and reported changes in 
all measured emission caused by the Viscon treated fuel compared to the 
baseline fuel at a 95% confidence level. Prepared final report. 

Test Facility, Equipment and Capability 

All testing discussed in this report was conducted at the Olson-EcoLogic heavy-duty 
engine test facility located in Fullerton, California. All initial engine operation and 
emission testing was conducted in the Olson-EcoLogic test cell 1. The test cell is 
equipped with a 450 horsepower full electric dynamometer, air conditioning and 
conventional sensors for continuous measurement of pressures, temperatures and air 
mass. State-of-the-art Horiba analyzers were used for dilute gas measurement of THC, 
CO, C02, NOx and NO. An AVL Smart Particulate Sampler was used to capture 
partiCUlates and fuel consumption was measured gravimetrically. The test cell 
operation is controlled by a fully integrated Labview based custom software program. 

Heated sample lines were used to transport the exhaust gases to HC, NOx and NO 
analyzers. Calibrations with certified gases were routed to the analysers through the 
same sample lines used to sample the exhaust gases. In all cases the requirements of 
CFR 40 were followed. The particulate filters were conditioned for temperature and 
humidity before and after accumulation of particulates. Air mass to the engine was 
measured by a temperature corrected Sierra Air mass sensor as a secondary backup 
calibrated by the dilution tunnel venturi measurements of diluent air and total Vmix. 
Engine intake air was controlled between 68 and 86 degrees F and fuel temperature 
was controlled to 100 degrees F +/- 10 degrees F as specified in CFR 40. A schematic 
of the complete exhaust gas sampling system is shown in the following figure. 
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The quality management system of Olson-EcoLogic is ISO 9001 :2000 registered. The 
Company is officially recognized by EPA and CARB as a capable emission test facility 
for the protocols used in this project. All test activity was under the direction and 
responsibility of Donel R. Olson. Mr. Olson is a registered professional mechanical 
engineer with 50 years of experience in the measurement and analysis of engine 
emissions. Over twenty engine emission test laboratories in the United States and 
Germany have been under his ownership and direction during the past 35 years. 
Details of the Olson-EcoLogic emission test facility capability can be viewed and 
obtained on the Olson-EcoLogic website (www.ecologiclabs.com). 
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Other 

Olson-EcoLogic Engine Testing Laboratories, LLC was acting as an independent 
contractor and not as agents or employees of the client in the conduct of work related to 
this project. 

The Company does not guarantee the results of any test protocol, however, if repeat 
tests are not within acceptable variances Olson-EcoLogic on their own decision repeats 
the tests at no additional cost to the client. 

Test Results 

All of the exhaust emission tests reported here are listed chronologically in Table 1. 

After several preliminary tests to verify the engine emissions stability, "official" testing 
starting with test no. 8MLP14 using the reference fuel and finished with the ninth test, 
no.8MLP22. This set of tests and the following sets are listed in Table1. 

Viscon additive at the normal concentration of 10z per 20 gallons was admixed in the 
same fuel used to measure baseline emissions and several additional (unofficial) 8­
mode tests were conducted during a 125 hour period of typical engine operation. This 
was intended to provide stability of exhaust emissions with the Viscon treated reference 
fuel. 

Beginning with Viscon treated test no. 8MLP35, nine official tests were completed to 
compare to the reference fuel baseline data. . 

The third test series, starting with test no. 8MLP46, was a set of three heavy dosage 
tests with Viscon additive admixed to the reference fuel at ten times the normal dosage 
(10oz. per 20 gallons). 

The fourth and final set of five tests, with reference fuel only (no Viscon) started with 
test no. 8MLP49, immediately after the data set with 10 times dosage of Viscon. Other 
than engine warm-up and fuel flushing, there was no significant engine operation prior 
to start of this data set. The purpose was to see any residual effect of the Viscon 
additive. 

Concurrently with the above tests, as shown in Tables 2 and 3, data were collected for 
toxic compounds analysis including VOC's, PAH's and Carbonyls. Triplicate sets of data 
were obtained with the baseline reference fuel (test nos. 17, 18, and 19) and for 
comparison, triplicate sets of data were obtained for the Viscon treated reference fuel 
(test nos. 39, 40, and 41). In addition, VOC analyses (only) were conducted for test nos. 
46 and 47, which were tests conducted with 10 times the normal Viscon dosage. 
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Table 2 provides the results of all VOC, PAH and Carbonyl data for the triplicate 
baseline sets compared to the triplicate sets of data obtained with the Viscon treated 
reference fuel. 

Table 3 only provides the VOC data for duplicates of the Viscon heavy dosage tests 
(test nos. 46 and 47). No analysis of these data have been made for PAH and Carbonyl 
results. 

Discussion of Results 

The measured effect of the Viscon additive on all controlled emissions can be seen in 
Tables 1 and 1A. 

The product as demonstrated for the Caterpillar Model 3306 engine under steady-state 
operating conditions will reduce exhaust particulates to satisfy level 1 CARB criteria (25­
50%). This result is consistent with earlier data accumulated on the same engine. 

Additional data collection required by CARB involved two major expansions of the 
project. 

1) Exhaust particulates were sampled for each mode of the 8-mode test protocol 
instead of composite sample collection of all a modes on one filter media and 

2) Integrated samples over the 8-modes of testing were collected and analyzed 
for toxic hydrocarbons (VOC's), PAH's and Aldehydes. These specific testing 
protocols are described in the appendix. 

Particulate Sampling and Analysis 

The PM sampling for each mode resulted in measurement of PM for eight specific 
conditions for each a-mode test. To be consistent with the ISO 8-mode test protocol, the 
specific sampling for each mode was weighted by dilution ratio selection and time of 
sampling capture to match the ISO specific weighting factors. Accordingly, modes 1, 2, 
3 and a were weighted 15% each and modes 4, 5, 6 and 7 were weighted 10% each to 
total 100% for all eight modes. 

The analysis of the PM data was accomplished by weighing the captured PM for each 
mode and dividing that weight by sampling time and the horsepower generated during 
the mode to provide the weighted PM result in grams/hp-hr. For the idle mode, (mode 8) 
this calculation was not possible because hp at idle is zero. Therefore, the idle PM data 
is reported in grams/hour only. However, the idle PM weight does go into the calculation 
of total weighted grams/bhp-hr. The PM values from all 7 of the other operating modes 
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have been summed and tabulated in Tables 1 and 1A to show the total PM generated in 
grams/bhp-hr. 

The PM measurements illustrate some very interesting reductions in PM caused by the 
Viscon additive. At the rated speed of 2200 RPM and the intermediate speed of 1400 
RPM there is a clear relationship with load as shown below: 

Engine 2200 RPM
Load
 
100% 15.3%
 
75%
 29.6% 
50% 28.0% 
10% 35.6% 

1400 RPM 

4.5% 
17.3% 
31.8% 

Simultaneously idle PM (mode 8) was reduced 56% with the Viscon additive. This 
discovery can have specific importance in vehicle and engine operations that involve a 
significant amount of idling operation such as school busses, delivery vehicles, etc. In 
addition to the PM reduction, idle NOx emissions were also reduced over 10% as can 
be seen in Table 1. 

.The VOC, PAH and Carbonyl comparisons shown in Tables 2 and 3 for the same tests 
are somewhat of a mixed bag. For example, 1,3-butadiene is beyond the measurable 
data in the exhaust by the Viscon additive. As expected by the technical theory, the 
PAH's also show significant reductions with the Viscon fuel treatment. However, some 
increases were demonstrated for some VOC's and some Carbonyls, which may also be 
expected. 
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Table 1
 
Vlscon California Data Summary Table
 

Caterpillar 3306 Diesel Engine
 
Teltlng Conducted by Ollon.Ecologlc Engine Testing Laboratories 

Tostlng Conducted October 2006 

. "'.;-': <,: "'''.'.. i",1;;.£if&~"';;'.:i.:;:;...c·,,J.,.,l/ ..~;~~., _.- ..';'.~,.;.'."....,.:.-.
.;" ..'ll:(i"!"i'nfm'~~JI~'lrr:;rr..h...:· i'li[;~il~,>'.· Il'_': . ·", •.![11,'. ,:1'1'." ·J:Iii:'· i~;,iE3"r:r~~~~;:~Ed~i~l1t~~it~?~t\~{~~~:'£j:i:£::i;Z;i::~;t: j:.. <~;~~~: 1D1iII_ 

ULSD 8MLP14 58.2 - 60.1 135.15 1.33 1.68 5.60 5.26 179.42 564.32 0.96 0.129 0.163 0.232 3.094 0.342 0.237 0.234 0.289 20.54 27.31 
ULSD 8MLP15 50.8· 56.1 136.21 1.41 1.72 5.88 5.20 178.66 561.61 0.70 0.122 0.145 0.251 2.106 0.373 0.261 0.248 0.250 2.06 28.49 
ULSD 6MLP18 48.1· 51.0 136.64 1.41 1.69 5.90 5.12 179.05 562.91 0.72 0.108 0.127 0.251 2.209 0.355 0.261 0.241 0.240 2.06 17.11 
ULSD 8MLP17 54.7·58.4 136.55 1.34 1.71 5.26 4.82 178.53 561.42 0.48 0.122 0.143 0.263 2.221 0.427 0.318 0.292 0.264 14.39 18.36 
ULSD 8MLP18 57.5·59.1 136.93 1.38 1.70 5.75 5.11 178.67 561.75 0.72 0.121 0.145 0.254 2.430 0.392 0.281 0.314 0.297 30.85 25.37 
ULSD 8MLP19 52.7·55.3 136.82 1.40 1.71 5.76 5.05 178.71 561.76 0.72 0.127 0.135 0.207 2.211 0.410 0.265 0.226 0.276 26.72 23.95 
ULSD 8MLP20 51.4·53.3 136.77 1.36 1.63 5.85 5.11 178.17 560.36 0.71 0.118 0.153 0.241 2.322 0.352 0.236 0.241 0.273 26.70 17.85 
ULSD 8MLP21 55.8·58.4 135.71 1.36 1.73 5.93 5.27 177.44 557.85 0.71 0.112 0.141 0.228 2.108 0.348 0.241 0.243 0.246 12.34 27.76 
ULSD 8MLP22 60.9 - 64.5 136.66 1.42 1.68 5.98 5.36 177.92 559.30 0.79 0.102 0.161 0.210 1.917 0.312 0.208 0.124 0.231 18.51 26.47 

AVERAGES BASELINE 136.362 1.379 1.695 5.790 5.144 178.507 561.255 0.722 0,116 0.148 0.237 2.291 0.368 0.256 0.240 0.265 17.126 23.630 

Viscon 8MLP35 33.9 - 36.7 134.66 1.52 1.81 5.79 4.94 176.69 554.88 0.74 0.111 0.097 0.141 1.444 0.332 0.179 0.148 0.190 6.16 18.35 
Viscon 8MLP36 37.3- 41.9 136.04 1.53 1.82 5.87 5.00 176.64 554.67 0.73 0.087 0.067 0.141 1.404 0.320 0.163 0.131 0.170 2.06 17.74 
Viscon 8MLP37 34.0- 36.6 136.67 1.51 1.87 6.05 5.14 177.54 557.48 0.74 0.090 0.107 0.166 1.478 0.366 0.241 0.139 0.200 2.06 19.91 
Viscon 8MLP38 32.5·35.3 137.01 1.52 1.86 6.27 5.19 176.43 553.96 0.77 0.100 0.100 0.178 1.625 0.352 0.224 0.124 0.197 2.05 18.07 
Viscon 8MLP39 31.0·41.9 136.03 1.53 1.82 6.05 5.09 178.53 580.65 0.74 0.103 0.115 0.182 1.247 0.328 0.200 0.168 0.208 16.45 23.96 
Viseon 8MLP40 34.5·43.2 136.77 1.47 1.64 6.20 5.09 177.76 556.39 0.72 0.097 0.102 0.175 1.439 0.382 0.228 0.182 0.211 10.26 27.18 
Viscon 8MLP41 48.7 - 50.2 136.77 1.46 1.67 5.86 5.02 176.97 555.64 0.72 0.109 0.120 0.204 1.805 0.389 0.257 0.258 0.246 16.43 18.48 
Viscon 8MLP42 47.7·53.3 136.92 1.47 1.81 6.17 5.22 177.19 556.60 0.71 0.096 0.094 0.163 1.513 0.391 0.224 0.183 0.210 10.26 17.51 
Vlscon 8MLP43 56.2 - 56.9 135.92 1.53 1.74 6.06 5.07 178.20 553.38 0.76 0.106 0.117 0.166 1.330 0.301 0.192 0.148 0.186 2.06 31.18 

AVERAGES Wlni VISCON 136.332 1.504 1.827 6.036 5.084 177.106 556.206 0.737 0.100 0.105 0.171 1.476 0.351 0.212 0.184 0.202 7.534 21.153 

lOX Visconl 8MLP46 161.4·83.2 136.95 1.49 1.77 6.01 5.00 176.22 553.50 0.71 0.104 0.122 0.181 1.656 0.373 0.269 0.197 0.236 18.48 22.64 
lOX Visconl 8MLP47 157.4·81.6 137.03 1.48 1.77 8.09 5.12 175.98 552.82 0.72 0.093 0.127 0.213 1.809 0.349 0.281 0.168 0.232 14.39 26.29 
lOX Visconi 8MLP48 158.2 - 59.7 136.88 1.46 1.77 8.06 5.09 175.93 552.67 0.73 0.102 0.122 0.169 1.331 0.350 0.294 0.219 0.235 24.88 25.89 
AVERAGES (Wlni lOX VISCON 136.953 1.471 1.769 6.053 5.070 176.043 552.997 0.720 0.099 0.124 0.166 1.599 0.357 0.281 0.195 0.234 19.163 24.940 

ULSD 8MLP49 54.4 - 60.1 136.99 1.44 1.66 6.06 5.09 176.99 556.30 0.75 0.084 0.124 0.150 1.364 0.345 0.218 0.139 0.210 22.61 40.75 
ULSD 8MLP50 60.6·66.4 136.49 1.49 1.72 6.03 5.04 178.64 554.95 0.68 0.124 0.183 0.232 3.098 0.343 0.237 0.234 0.289 20.54 25.22 
ULSD 8MLP51 63.1·64.6 136.33 1.50 1.76 6.12 5.01 176.32 553.80 0.68 0.108 0.140 0.235 2.029 0.392 0.306 0.226 0.279 30.83 32.35 
ULSD 8MLP52 83.5 - 64.9 135.64 1.47 1.78 5.65 4.95 177.10 556.37 0.64 0.109 0.117 0.222 2.138 0.402 0.294 0.438 0.282 22.61 19.81 
ULSD 8MLP53 59.3 - 64.5 136.11 1.48 1.82 8.04 5.01 177.42 557.28 0.68 0.111 0.137 0.194 2.067 0.402 0.310 0.255 0.278 30.82 32.71 

AVERAGES BL AFTER VISCON 136.312 1.478 1.746 5,980 5.020 176.894 555.740 0.666 0.107 0.140 0.207 2.139 0.376 0.272 0.256 0.288 25.483 30.168 



2 
Table 2 (cont.) 

ULSF ULSF wi Visean 
BMLP17 BMLP1B BMLP19 Average BMLP39 BMLP40 BMLP41 Average Change 

Carbonyls (Analyzed via High Performance Liquid Chromatography by Desert Research Institute) 

formaldehyde 0.027876 0.026773 0.027121 0.027257 0.035915 0.032348 0.032137 0.033467 23% 
acetaldehyde 0.007410 0.007211 0.007535 0.007385 0.009786 0.009169 0.008887 0.009281 26% 

acetone 0.002020 0.001754 0.001827 0.001867 0.002895 0.002536 0.002490 0.002640 41% 
acrolein 0.000813 0.001405 0.000857 0.001025 0.002133 0.001474 0.001846 0.001817 77% 

propionaldehyde 0.001346 0.001304 0.001346 0.001332 0.001651 0.001444 0.001443 0.001512 14% 
crotonaldehyde 0.000904 0.001060 0.001027 0.000997 0.001260 0.001122 0.001175 0.001186 19% 

methyl ethyl ketone 0.000527 0.000410 0.000448 0.000462 0.000484 0.000437 0.000518 0.000480 4% 
methacrolein 0.000474 0.000491 0.000377 0.000447 0.000635 0.000500 0.000552 0.000562 26% 

butyraldehyde 0.004892 0.004370 0.005015 0.004759 0.004111 0.003893 0.004090 0.004031 -15% 
benzaldehyde 0.000631 0.000617 0.000652 0.000633 0.001054 0.000536 0.000583 0.000724 14% 

glyoxal 0.000404 0.000134 0.000429 0.000322 0.000644 0.000631 0.000731 0.000669 108% 
valeraldehyde 0.000770 0.000515 0.000567 0.000617 0.000590 0.000424 0.000475 0.000497 -20% 
m-tolualdehyde 0.000012 0.000025 0.000012 0.000016 0.000126 0.000101 0.000101 0.000110 570% 
hexanaldehyde 0.000350 0.000292 0.000305 0.000316 0.000453 0.000382 0.000270 0.000368 17% 

Table 3 
Percent change of various emissions comparing ULSF to ULSF wI 10x Viscon - Caterpillar 3306 Diesel Engine (Units In glbhp-hr) 

Testing Conducted by Olson-Ecologic Engine Testing Laboratories for Viscon California October 2006 

ULSF ULSF wi 10x Visean 
BMLP17 BMLP1B BMLP19 Average BMLP46 BMLP47 Average Change 

VOC's (Analyzed via Gas Chromatography by Olson-EcoLogic Engine Testing Laboratories) 

1,3-butadiene 0.000245 0.000212 0.000300 0.000252 <RL <RL <RL -100% 
benzene 0.008692 0.008825 0.009560 0.009026 0.011786 0.010998 0.011392 26% 
toluene 0.004514 0.004058 0.004111 0.004228 0.005157 0.005194 0.005176 22% 

ethylbenzene 0.002038 0.001774 0.001621 0.001811 0.001969 0.001515 0.001742 4% 
m&p-xylene 0.004081 0.003440 0.004175 0.003898 0.002573 0.002435 0.002504 -36% 

o-xylene 0.002292 0.002320 0.002320 0.002311 0.001691 0.001706 0.001699 -26% 
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8-Mode Tl!1It Rl!1Iull:. 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

II>' 

EngPvrT 
Hp 

CO2 

" 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

8MLP14 (MULTI·FILTER) 
BASELINE 

FuEL RT AirMen EngElCh ABSHUM 
GWMIN lIdm d~F GR/LB 

All In 
dogF 

B.roP 
InHga 

"aCAl 
FACTOR 

KNOK 
PPM 

Fuelln 
dogF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humldy ... OIIP 
po", 

nHinC 
RATIO 

2200.1 
2200.0 
2200.0 
2199.9 
1399.e 
1399.9 
1400.0 
604.6 

5~1.e 

469.9 
314.9 
62.1 

790.4 
578.1 
362.3 

0.9 

2437 
196.8 
131.9 
26.0 

210.7 
154,1 
101.9 

01 

5.65 
5.44 
4.91 
3.05 
7.53 
7.37 
6.60 
4.18 

158.41 
102.83 
112.43 
231.83 
890.10 
636.14 
254.49 
264.72 

636.55 
577.94 
460.59 
175.33 
759.78 
756.13 
652.23 
350.15 

5n.96 
531.78 
417.22 
136.49 
694.32 
699.55 
609.87 
279.21 

338.4 
413.0 
532.7 
n9.8 
199.0 
316.8 
480.1 

1051.4 

ns 
583.~ 

411.5 
171.5 
568.5 

414 
279.5 

17.5 

493.8 
428.1 
348.2 
258.3 
273.4 
218.1 
176.8 
54.4 

880.7 
828.9 
731.5 
503.0 

1011.0 
944.1 
793.3 
341:6 

59.7 
60.1 
59.3 
58.2 
58.2 
58.6 
58.4 
59.4 

74.7 
76.2 
76.5 
ro.3 
75.9 
76.4 
76.4 
75.6 

30.00 
30.00 
30.00 
3000 
3000 
30.00 
30.00 
30.00 

0.027 
0.028 
0.023 
0.015 
0.035 
0.035 
0.031 
0.020 

612.27 
556.37 
442.54 
167.99 
n7.98 
n5.17 
625.18 
336.52 

99.9 
101.9 
103.2 
105.3 
99.4 
98.6 
97.5 
91.8 

551.1 
511.9 
400.9 
130.8 
865.3 
670.9 
584.8 
268.4 

70.9 
86.5 

111.5 
165.2 
123.4 
167.5 
220.9 
837.8 

267.5 
326.5 
421.2 
614.7 

75.6 
149.3 
259.1 
213.5 

46.9 
44.9 
43.9 
43.4 
43.9 
43.6 
43.3 
43.9 

57.6 
53.6 
53.1 
53.7 
36.4 
37.2 
40.1 
20.3 

1.8 
1.8 
1.8 
1.' 
1.' 
1.8 
1.8 
1.8 

WT. FAC ... Mode 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02fNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

I 
2 
3 
4 
5 

260.65 
265.31 
268.84 
258.87 

89.57 

245.26 
132.77 
113.11 
153.50 
805.45 

1557.35 1392.2983 
1180.21 1082.5905 
731.43 664.18616 
182.73 145.04585 

1082.24 984.22309 

43560 
35010 
24690 
10290 
34110 

1698575 
1413978 
1096339 
709486 

1008990 

137464.8 
110407.9 
n580.' 
31705.8 

107040.8 

206.3 
210.1 
211.3 
203.5 

3<1.1 

0.10 
0.08 
0.09 
0.22 
0.09 

10.00 
10.00 
1500 

6 
7

• 
106.20 
121.57 
25.e3 

428.64 
129.55 

13,07 

802.74 741.70849 
522.84 490.35303 
27.31 22.310359 

24840 
16770 

1OS0 

750301 
562978 
53735 

76069.3 
52799.8 

3240.5 

50.2 
85.8 

5.4 

0.07 
0.06 
0.20 

WTDAVG BHP­

WTD AvG GMfH = 

AVG GM/BHPH "' 

135.15 

He 

180.19 

1.33 

KW­

CO KNOX 

227.35 783.50 

1.68 5.80 

100.78 

KNO 

710 

5.26 

FUEL 

24248 

179.42 

EXHAUST 

942568 

CO2 

78266 

564.32 

NMHC 

130.32 

0.96 

W.F. 

MODE· 

PARTIC. WT, MG -
Exh.Probe Mass Flow Rale (giSec.)' 

Sample Time (Sec.)' 
Oil. Exh.Sample Mass-Part.Filler (kg)' 

Dil.Tunnel TOI Flow Temp.COlT. (.cmm)' 
Dil.Tunnel Tol M... Flow (kglHr.). 

Partie. Mass Flow Rate (glHr.)= 

0.15 

1 

1.22 
1.087 
180.0 

0.20 
85.08 

5048.64 

31.48 

0.15 

2 

1.11 
0.868 
180.0 
0.18 

85.27 
5083.39 

35.97 

0.15 

3 

0.74 

0.882 
180.0 
0.12 

85.33 
5088.55 

30.55 

0.10 

4 

0.64 
0.441 
120.0 
0.05 

85.34 
5088.82 

80.48 

0.10 

5 

1.47 
0.859 
120.0 
0.10 

85.21 
5059.23 

72.15 

0.10 

8 

0.58 
0.871 
120.0 

0.08 
85.22 

5059.70 

38.45 

0.10 

7 

0.32 
0.567 
120.0 
0,07 

85.24 
5061.06 

23.80 

0.15 

8 

0.10 
0.137 
180.0 
0.02 

85.28 
5064.81 

20.54 

AVGGWKWH IE 1.79 226 7.77 7.05 240.60 756.ffl 1.29 GMIBHPH­ 0.129 0.183 0.232 3.094 0.342 0.237 0.234 

WTD AVG GMIH • 39.07 

WT AVG N02fNOX RATIO" 0.116224791 WEIGHTED AVG Gr.v8Hpti ­ 0.281 

WTD AVG GMIK'wVH • 0.388 

ApprO\led _8-Mode Tut R"ult Ver.2 OBl2OO7 



8-l.1ode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8·MODE TESTING OF VISCON POLYMER 

Mode 
EngS"" 

RPM 
DynTrq 

IboO 
EngPwr 

Hp 
CO2 

% 
CO 
Ppm 

NO, 
ppm 

NO 
ppm 

8MLP15 (MULTI-FILTER) 
BASELINE 

He FlO FUEL RT Alrl.1as EngExh ABSHUM 
ppm GM/MIN IICfm dog/F GR/L8 

Air In 
dogF 

Baro P 
InHga 

ft'aCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
dogF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
pslg 

nHinC 
RATIO 

2200.0 
2199.9 
2199.9 
2200.0 
1400.0 
139'9.9 
1400.2 
592.5 

801.1 
468.8 
314.4 
61.9 

790.0 
578.2 
382.2 

-1.4 

251.8 
196.4 
131.7 
25.9 

210.5 
154.1 
101.9 

0.1 

5.88 
5.48 
4.93 
3.06 
7.55 
7.36 
6.86 
3.73 

177.70 
102.07 
118.81 
238.17 
899.37 
643.55 
258.38 
295.83 

669.80 
603.90 
477.00 
182.76 
792.09 
779.49 
882.16 
348.30 

585.77 
541.07 
424.57 
139.45 
702.06 
704.54 
625.74 
268.87 

431.77 
440.17 
554.00 
814.03 
188.32 
308.17 
440.37 
853.89 

738 
579.5 
412.5 

In 
568 

414.5 
281.25 

18.75 

498.1 
423.3 
347.0 
258.0 
2n.9 
220.3 
178.2 
52.8 

905.6 
838.1 
740.7 
510.7 

1028.5 
954.0 
801.0 
285.8 

55.6 
56.1 
56.1 
55.3 
54.6 
52.2 
51.3 
SO.8 

78.5 
79.2 
79.5 
79.0 
79.1 
78.2 
77.7 
78.0 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.028 
0.026 
0.023 
0.015 
0.035 
0.034 
0.031 
0.018 

637.62 
575.59 
454.72 
173.88 
752.19 
n5.88 
64249 
327.64 

97.8 
99.2 

101.9 
101.7 
97.8 
99.5 
".0 
91.4 

557.8 
515.7 
404.7 
132.7 
666.7 
865.1 
590.3 
252.9 

236.3 
194.2 
204.2 
303.9 
184.2 
237.2 
267.4 
831.5 

195.5 
246.0 
349.8 
510.1 

'.2 
71.0 

172.9 
22.' 

38.6 
38.0 
37.6 
37.7 
37.1 
36.6 
36.6 
35.8 

52.5 
52.7 
51.1 
52.9 
36.2 
37.6 
40.1 
21.5 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NI.1HC 

N02JNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

, 
2 
3

• 
5 

325.74 
278.67 
276.46 
267.96 

64.51 

269.48 
129.89 
119.18 
157.59 
811.28 

1588.52 1382.0788 
1203.34 1075.4394 
749.33 868.78109 
188.99 147.19242 

1114.71 983.13518 

44280 
34770 
24750 
10320 
34080 

1885625 
1393244 
1092833 
708739 

1005486 

139513.28 
109606.15 
77731.28 
31759.86 

100952.12 

148.1 
156.3 
175.3 
169.5 

1.9 

0.13 
0.10 
0.11 
0.24 
0.11 

10.00 
10.00 
15.00 

6 
7 
8 

103.59 
111.37 
22.48 

434.81 
131.34 

15.66 

816.80 737.20553 
536.55 494.12535 

28.49 22.479948 

24870 
16875 

laOS 

751621 
561913 

57031 

78163.35 
53183.50 

3103.81 

23.9 
43.9 

0.6 

0.10 
0.08 
0.23 

WTDAVG BHP­

WTO AVG GI.1/H = 

AVG GMlBHPH -

136.26 

HC 

192.25 

1.41 

KW­

CO KNOX 

233.63 801.16 

1.71 6.88 

101.60 

KNO 

708 

6.20 

FUEL 

24335 

178.61 

EXHAUST 

934086 

CO2 

76497 

661.46 

NMHC 

95.96 

0.70 

WF. 

MODE = 

PARTie. WT, MG -
Exh.Probe Ma5s Flow Rate (glSec.)= 

Sample Time (See.)= 
Dil.Exh.Sample Mass-Part.Filter (kg) = 

Dil.Tunnel Tot Flow Temp.Corr. (5emm)= 
Dil.Tunnel Tot Ma55 Flow (kgIHr.)= 

Partie.Ma55 Flow Rate (glHr.)= 

0.15 
1 

1.19 
1.087 

180 
0.20 

65.14 
5053.70 

30.74 

0.15 
2 

0.88 
0.868 

180 
0.18 

65.28 
5064.15 

28.52 

0.15 
3 

0.80 
0.682 

180 
0.1228 

85.35 
5069.57 

33.04 

0.10 
4 

0.57 
0.441 

120 
0.05 

65.37 
5071.34 

54.62 

0.10 
5 

1.60 
0.859 

120 
0.10 

6520 
5057.89 

78.51 

0.10 
6 

0.64 
0.671 

120 
0.08 

6523 
5060.49 

40.22 

010 
7 

0.34 
0567 

120 
0.07 

65.21 
5058.80 

2528 

0.15 
8 

0.01 
0.137 

180 
0.02 

65.33 
5068.23 

206 

AVGGM/KWH= 1.89 2.30 789 6.97 239.52 752.92 0.94 GMlBHPH­ 0.122 0.145 0.251 2.106 0.373 0.261 0.248 

WTDAVGGMIH= 34.02 

WT AVG N02JNOX RATIO = 0.137938873 WEIGHTED AVG GM/BHPH - 0.250 

AVG GM/KVVH = 0.335 

AppI'oved _6-Mode Test R~ult Ver.2 0Bl2007 



8-Mode Tesl Resuh 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8·MODE TESTING OF VISCON POLYMER 

8MLP16 (MULTI-FILTER) 
BASELINE 

EngSpd OynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMls EngExh ABSHUM A\rln elro P V.CAl KNOx Fuelln KNO M.llllne NMHC Humldy OHP 
Mode RPM Ib-ft Hp 'l\ ppm ppm ppm ppm GWMIN ,elm de~F GRilB degF InHgl FACTOR PPM degF PPM ppm ppm 'l\ psig 

2200.0 606.1 254.7 5.72 175.70 673.44 573.66 415.46 745.5 505.1 905.4 46.9 75.7 30.00 0.027 630.57 101.\ 537.1 221.7 193.7 37.2 52.7 
22000 466.5 196.3 5.39 102.62 606.15 531.46 453.67 562.5 426.6 6402 46.7 76.6 30.00 0.025 567.30 103.4 497.4 193.4 260.5 36.0 49.5 
2200.0 314.6 131.9 4.90 110.54 464.04 423.16 543.09 416 351.6 742.' 46.4 76.9 30.00 0.023 452.73 103,4 395.6 196.6 344.5 35.4 50.3 
2200.0 62.1 26.0 3.09 226.24 164.67 141.20 791.01 173 259.6 514.' 46.1 76.6 30.00 0.Q15 172.79 103.2 '32.0 296.7 492.3 35.5 52.9 
1399.9 768.9 210.3 7.56 692.06 796.32 701.96 '93.65 566 271.\ 1026.3 46.4 76.7 30.00 0.Q35 74<1.70 100.4 656.6 169.9 3.9 35.7 36.0 
1399.6 576.5 154.2 7.44 633.20 794.90 706.55 313.37 415.5 219.0 959.9 46.6 77.6 30.00 0.Q35 744.16 102.2 663.3 244.6 66.5 34.9 37.2 
1399.9 362.0 101.9 6.76 260.09 689.37 625.21 4<16.30 260.75 177.1 605.6 49.0 76.0 30.00 0.032 645.66 101.7 565.6 277.6 190.5 34.5 39.1 

567.4 -1.3 0.0 6.22 300.93 354.49 279.94 626.76 16.25 52.7 299.0 51.0 76.4 30.00 0.029 333.64 93.9 263.5 6'9.9 6.9 35.5 20.3 

-------GRAMSIHOUR-­ ----­
wr. FAC Mode N02/NOX 

'l\ No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 324.01 275.44 1623.97 1375.5022 44730 1716239 140941.9 15'.7 0.'5 
15.00 2 293.61 133.69 1211.67 1060.05 34950 1421003 "0126.0 169.1 0.12 
15.00 3 275.42 112.66 756.17 664.5374 24960 1'09042 76413.3 175.4 0.13 
10.00 4 259.02 150.23 166.64 '45.51735 10360 704569 319906 '62.7 0.24 
10.00 5 66.68 603.62 , 105.07 966.99423 34080 '003352 106956.7 '.6 0.12 

10.00 6 104.57 424.70 619.99 729.91466 24930 74<1256 76367.2 22.9 0.11 
10.00 7 , 16.33 129.67 529.65 461.66002 16645 552294 53054.6 47.5 0.09 
15.00 6 12.67 9.39 17.11 13.683966 975 34356 3046.5 0.1 0.21 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTOAVG BHP = 136.67 KW" 101.92 MODE~ 1 2 3 4 5 6 7 8 

PARTIC. WT, MG = 1.07 0.77 0.60 0.60 1.52 0.64 0.33 0.01 
:xh.Probe Ma•• Flow Rate (g/See.)= 1.087 0.868 0.682 0.441 0.859 0.671 0.567 0.137 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (Sec.): 180 180 180 120 120 120 120 180 
I.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 

WTDAVG GWH­ 192.57 230.52 605.62 699 24466 943045 76916 97.94 unnel Tot Flow Temp.Corr. (.emm)= 65.03 65.23 65.35 65.37 65.20 65.24 65.23 65.38 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5045.10 5060.48 5069.88 5071.17 5056.19 5061.01 5060.81 5072.11 

AVG GM/BHPH '" 1.41 1.69 5.90 5.12 179.01 562.78 0.72 Partie. Mass Flow Rate (g/Hr.)= 27.59 24.94 33.04 57.50 74.59 40.23 24.55 2.06 

AVG GM/KVVH I: 1.69 2.26 7.91 6.66 240.06 754.71 096 GM/BHPH­ 0.108 0.127 0.251 2.209 0.355 0.261 0.241 

WTD AVG GM/H = 32.829 

wr AVG N02lNOX RATIO· 0.146974617 WEIGHTED AVG GMIBHPH ~ 0.240 

WTD AVG GM/KWH = 0.322 

Approved _8-Mode Test ResuK Ver.2 0612007 



~Mode T~ Result$ 

OLSON·ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8·MODE TESTING OF VISCON POLYMER 

Mode 
Engspd 

RPM 
DynTlq 

Ib-n 
Eng""" 

Hp 
CO2 

'" 
CO 
ppm 

NO. 
ppm 

NO 
ppm 

8MLP17 (MULn·FILTER) 
BASELINE 

HC FID FUEL RT AIrMa~ EngEllh ABSHUM 
ppm GM/MIN .ctm degiF GRllB 

Air In 
degF 

Baro P 
InHga 

VaCAL 
FACTOR 

KNOll 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 

"""' 
Humidv 

'" 
OilP 
paig 

nH/nC 
RATIO 

2200.0 
22000 
22000 
2200.0 
1399.9 
1400.0 
1400.0 
590.5 

604.9 
469.6 
314.7 
618 

789.6 
578.6 
382.2 

07 

253.4 
196.7 
131.8 
259 

210.4 
154.2 
101.9 

0.0 

5.80 
5.49 
498 
3 '6 
7.74 
7.56 
6.66 

5 '2 

183.08 
109.75 
118.82 
228.07 
912.76 
657.07 
262.26 
287.57 

610.16 
550 34 
424.16 
161.15 
708.90 
6I!9.29 
5Q.4.44 
307.97 

557.56 
513.57 
38913 
112.34 
665.50 
650.04 
536.12 
290.65 

406.71 
442.73 
537.02 
792.96 
169.01 
291.77 
434.65 
706.42 

74' 
583.5 
413.5 

170 
5665 
4135 
279.5 
16.25 

500.4 
426.0 
346.9 
258.2 
272.9 
218.6 
177.2 
54.3 

911.3 
650.1 
747.7 
516.7 

1033.4 
962.0 
806.2 
338.1 

54.7 
56.0 
56.7 
56.7 
569 
57.2 
57.4 
56.. 

78.6 
79.8 
79.8 
79.7 
79.5 
79.7 
79.7 
79.8 

30.00 
30.00 
3000 
3000 
30.00 
30.00 
3000 
30.00 

0.027 
0.026 
0.024 
0.015 
0.036 
0.035 
0.032 
0.024 

57954 
524.46 
4<14.86 
153.85 
677.05 
658.80 
568.36 
295,19 

103.4 
'OS 0 
107.3 
107.7 
104.8 
104.6 
104.9 
96.6 

529511 
489.41 
371.42 
107.24 
635.60 
621.29 
512.60 
278.60 

322.98 
262.88 
279.48 
415.55 
169.01 
291.77 
388.81 
706.42 

83.72 
159.85 
257.54 
377.42 
~.85 

53.88 
45.64 

535.76 

37.74 
37.26 
3759 
37.78 
36.18 

36 '6 
38.19 
38.70 

4966 
48.55 
50.18 
52.67 
3602 
37.19 
40.04 
20.11 

'.8 
1.8 
1.8 

'8 
'.6 
'.6 
'6 
1.8 

WT. FAC 

'" 
Mode 

No HC CO 

GRAMSIHOUR-­

KNOX KNO 

------
FuEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 

'000 

, 
2 
3 
4 
5 

311.05 
281.88 
266.25 
249.76 

74.02 

281.45 
140.45 
118.21 
144.39 
803.57 

1463.68 1329.9143 
1102.66 1026.3731 
662.63 609.5737 
160.02 113.71427 
979.25 914.&4182 

44460 
35010 
24810 

'0200 
34110 

1687536 
1401200 

'066266 
678946 
983296 

140113.88 
110343.47 
77956.07 
31456.06 

107092.87 

64.4 
102.3 
128.4 
120.4 
42.0 

0.09 
0.07 
0.08 
0.30 
O.OS 

10.00 

'000 
15,00 

6 
7 
8 

95.12 
105.97 

13.31 

430.57 

128.53 
10.89 

709.23 667.78798 

457.60 413.62956 
18.36 17.563971 

24810 

16770 
975 

730829 

543164 
41333 

78005.74 

52850.70 
3044.77 

17.6 

11.2 
10.1 

0.06 
0.10 
006 

WTDAVG BHP" 

WTOAVGGWH; 

AVG GMlBHPH = 

AVGGWK'w'VH = 

136.53 

HC 

183.36 

1.34 

'60 

KW= 

co KNOX 

233.36 717.74 

1.71 6.26 

2.29 7.05 

101.81 

KNO 

656 

4.82 

6.47 

FUEL 

24377 

178.64 

239.43 

EXHAUST 

92E074 

CO2 

76659 

561.47 

75294 

NMHC 

64.91 

0.48 

0.64 

WF. 
MODE; 

PARTIC. WT, MG. 
Exh.Probe Mn1 Flow Rate ("'Sec.)= 

Sample TIme (Sec.); 

Orl.Exh.Sampie MCtlla-Pan.Filfer (kg) '" 

011 Tunnel Tot Flow Temp. Carr. (IClTlm)= 

OdTunnelTOlMasaFlow(k",Hr.l; 

p,rtleM... Flow R.,. (l"HL)< 

0.15 
1 

1.20 
1087 

180 

0.196 
65.04 

5045.96 
30.9473 

0.15 
2 

0.87 
0.868 

180 

0.156 
65.31 

5066.95 
28.2146 

0.15 
3 

0.84 
0.682 

180 

0.123 
65.31 

5067.04 
34.6718 

0.10 
4 

060 
0.441 

120 
0053 
6537 

5071.25 
57.4971 

0.10 
5 

1.83 
0.859 

120 
0.103 
65.20 

5058.16 
89.7985 

0.10 
6 

0.78 
0.671 

120 
0.081 
65.24 

5061.63 
49.0322 

010 
7 

0.40 
0.567 

120 
0.068 
65.24 

5061.23 
29.7544 

0.15 
8 

0.07 
0137 

180 
0025 
65.34 

5068.85 
14.3884 

GM/BHPH­ 0.122 0.143 0.263 2.221 0.427 0.318 0.292 

WT AVG N02INOX RATIO = 64.9095431 1 

WTD AVG GMIH = 38.842 

WEIGHTED AVG GMIBHPH­ 0.284 

WTD AVG GM/K'M-1 = 0.381 

ApprO'led _~Mode Test Rnult Ver.2 0&2007 



B-~ooe Test Retlulls 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8·MODE TESTING OF VISCON POLYMER 

.,ode 
EngSpd 

RP., 
DynTrq 

lbon 
Eng"'" 

Hp 
CO2 ... CO 

ppm 
NO, 
ppm 

NO 
ppm 

8MLP18 (MULTI-FILTER) 
BASELINE 

HC FlO FUEL RT Alr~a. EngExh ABSHU~ 

ppm GW~IN scfm d~F GRiL8 
Air In 
oegF 

Bare P 
InHga 

f/.CAl 
FACTOR 

KNOx 
pp., 

FueHn 
dogF 

KNO 
pp., 

~etnane 

ppm 
N~HC 

ppm 
Humldy ... O,P 

po,g 
nHlnC 

RATIO 

2199.9 
2200.0 
22000 
22000 
14001 
1400.0 
1399.8 
5813 

610.9 
489.2 
315.2 
82.2 

789.1 
578.5 
382.2 

0.8 

255.9 
196.6 
132.0 
280 

210.3 
154.2 
101.6 

0.1 

5.72 
5.40 
4.88 
3.03 
7.53 
7.35 
858 
4.39 

174.36 
103.52 
115.01 
230.02 
891.31 
639.39 
250.66 
284.86 

633.06 
580.13 
461.90 
170.75 
766.79 
749.96 
639.72 
345.90 

543.52 
519.98 
412.62 
135.06 
694.80 
6!ilEi.71 
616.59 
284.87 

300.6 
439.5 
535.8 
767.2 
193.2 
313.7 
458.7 
874.1 

749 
581.5 
413.5 
171.5 

568 
4f5 

28f 
17.25 

505.4 
428.2 
3500 
259.0 
273.0 
219.2 
178.2 

53.0 

901.7 
842.6 
744,8 
510.9 

1028.7 
957.0 
602.8 
3857 

58.5 
59.3 
59.1 
58.4 
58.0 
56.0 
57.5 
584 

77.0 
78.1 
78.4 
78.0 
77.7 
77.9 
77.8 
78.1 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.025 
0.023 
0.015 
0.035 
0.034 
0.031 
0.021 

606.97 
557.38 
443.61 
163.69 
736.33 
718.15 
611.92 
331.57 

101.3 
104.1 
105.2 
105.2 
104.7 
106.6 
104.0 
99.5 

521.1 
499,8 
3!ilEi,5 
129.5 
665.5 
667.2 
589.8 
273.1 

206.8 
184.1 
181.8 
277.2 
189.8 
243,9 
2882 
842.9 

189.8 
255.4 
353.9 
490.0 

3.4 
89.8 

190.5 
31.2 

42.6 
41.6 
41.1 
41.2 
41.2 
41.0 
40.8 
41.0 

54.3 
50.3 
50.8 
52.6 
38.f 
37.2 
40.1 
18.7 

1.8 
1.8 
f.8 
f.8 
1.8 
f.8 
1.8 
1.8 

WI. FAC ... "ode 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 N..,HC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
fOOO 
10.00 

1 
2 
3 
4 
5 

311.04 
263.38 
270.72 
25448 
86.93 

274.83 
134.17 
116.81 
153.38 
806.11 

1571.80 1341.304 
1166.82 1001.0038 
740.17 683.16177 
179.30 144.57814 

1094.05 9839268 

44940 
34690 
24810 
'0290 
34080 

1729985 
1418609 
1106512 
714316 

1008399 

141652.39 
109966.59 

77944.16 
31713.55 

106952.62 

149.4 
165.3 
1795 
164.0 

1.5 

0,14 
0.10 
0,11 
0.21 
0.10 

10.00 
10.00 
15.00 

6 
7 
8 

105.75 
117.13 
20.25 

433.30 
128.66 

13.27 

799.54 741.75855 
516.02 498.68402 

25.37 21.298028 

24900 

16860 
1035 

7504388 
567536 
50540 

78254.40 
53101.75 

3210.11 

23.6 
48.9 
0.7 

0.07 
0.04 
0.18 

WTDAVG BHP. 

WTOAVGGWH z 

AVG GMlBHPH" 

136.93 

HC 

'69.24 

1.38 

KW= 

CO KNOX 

233.00 787.51 

1.70 6.75 

102.11 

KNO 

700 

6.11 

FUEL 

24484 

178.67 

EXHAUST 

950311 

CO2 

76918 

661.76 

NMHC 

98.03 

0.72 

WF. 
MOOE = 

PARTie. WT, MG­
·xhProbe Mass Flow Rate (glSec.)= 

Sample Time (Sec.)= 
.Exh.Sample Mass-Part.Filter (kg) = 
unnel Tot Flow Temp.CorT (scmm)= 

OiL Tunnel Tot Mass FlOW (kgIHr.)= 
Partlc.Mass Flow Rate (glHr.)= 

0.15 
1 

1.20 
1.087 

180 
0.20 

65.02 
504429 
30.937 

0.15 015 
2 3 

0.88 0.81 
0.868 0.682 

leo 180 
0.16 0.1228 

65.16 6538 
5054.775072.'44 

28470 33467 

0.10 
4 

0.66 
0.441 

120 
005 

6537 
507'.70 
63.253 

0.10 

5 
1.68 

0859 
120 

010 
85.18 

505648 

82.41' 

0.10 
6 

0.69 
0.871 

120 
0.08 

85.23 
5060.81 
43.366 

0.10 
7 

0.43 
0.567 

120 
0.07 

65.24 
506,27 

31.986 

015 
8 

0.15 
0.137 

leo 
0.02 

6537 
5071.44 
30.848 

AVGGwKWH = 1.85 2.26 7.71 885 239 BO 753.32 096 GMlBHPH­ 0.'21 0.'45 0.254 2430 0.392 0.281 0.3'4 

WTO AVG GMIH = 40660 

WT AVG N02INOX RATiO = 0.120413745 WEIGHTED AVG GMlBHPH­ 0.297 

WTOAVGGMIKWH= 0398 

ApprOYed _B-Mooe Telt Rlt'ult V",.2 0812007 



8-Made Tes1 Resutt$ 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 

GTAT IS0-8178 8-Mode Testing of Visean Polymer 

8MLP19 (MULT1-FILTER) 

Mode 
En9Spd 

RPM 
DynTrq 

11>-8 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

BASELINE 
FUEL RT AlrM8S En9Exh 
GlNMIN sclm de~F 

ABSHUM 
GRILB 

Airtn 
de9F 

a8raP 
InHga 

UaCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
d09F 

KNO 
PPM 

MtMh8ne 
ppm 

NMHC 
ppm 

Humidy 

'" 
OilP 
psig 

2199.9 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 
586.2 

805.0 
469.6 
314.9 
82.1 

790.7 
578.2 
382.4 

0.8 

253.4 
196.8 
131.9 
26.0 

210.8 
154.2 
101.9 

0.1 

5.80 
5.50 
4.99 
3.19 
7.68 
7.51 
6.80 
4.81 

176.97 
110.60 
120.31 
238.73 
897.33 
870.35 
261.22 
338.67 

658.26 
590.32 
469.58 
180.74 
794.08 
783.60 
679.78 
387.30 

sea. 53 
531.19 
418.63 
140.12 
699.43 
701.87 
615.38 
304.00 

418.73 
46390 
550.41 
811.99 
197.02 
314.17 
445.34 
949.07 

744.5 
583 

414.5 
172 
569 
413 

276.5 
17 

5039 
430.2 
349.9 
259.9 
272.8 
219.5 
176.8 
53.1 

906.3 
841.6 
743.4 
514.2 

1026.9 
957.8 
804.7 
383.4 

55.3 
54.4 
54.0 
53.7 
53.2 
52.8 
52.7 
54.4 

75.6 
76.8 
77.2 
77.1 
78.8 
77.1 
77.3 
77.9 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.026 
0.024 
0.018 
0.038 
0.035 
0.032 
0.023 

626.26 
560.31 
445.22 
171.24 
751.43 
740.80 
642.48 
348.67 

103.7 
106.4 
106.9 
106.0 
101.8 
102.4 
102.3 
99.3 

533.3 
504.2 
396.9 
132.8 
681.9 
683.4 
581.6 
288.6 

220.7 
194.9 
190.3 
294.4 
193.0 
254.1 
277..7 
835.4 

198.00 
269.02 
380.Q7 
517.59 

3.99 
60.04 

167.60 
113.65 

42.3 
39.9 
39.0 
38.9 
39.0 
38.3 
38.1 
38.6 

54.1 
49.7 
50.2 
52.8 
35.8 
38.7 
39.7 
1•.8 

WT. FAC 

'" 
Mode 

No 

--------GRAMSIHOUR-­

HC CO KNOX KNO 

----­

FUEL EXHAUST CO2 NMHC 
N02JNOX 

RATiO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

321.53 
294.46 
272.60 
256.11 

87.28 

273.15 
141.n 
119.77 
151.38 
798.97 

1567.99 
1174.46 
728.16 
178.38 

1099.18 

1344.751 
1054.556 
650.8972 
'41.0157 
963.5473 

44670 
34980 
24870 
10320 
34140 

1694480 
1396737 
1064892 
679805 
993294 

140762.38 
110207.19 
78124.55 
31807.06 

10715375 

152.6 
171.4 
1790 
184.7 

1.8 

0.15 
0.10 
0.11 
0.22 
0.12 

10.00 
1000 
15.00 

6 
7 
8 

103.09 
108.37 

19.74 

442.14 
127.77 

14.'6 

802.73 
516.30 
23.95 

717.8688 
468.5155 

20.2007 

24780 
18590 
1020 

734755 
541494 

45588 

77868.88 
52271.27 
3162.58 

19.8 
41.0 

2.4 

0.10 

0.09 
0.17 

WTDAVG BHP= 

WTO AVG GlNH = 

AVG GM/BHPH = 

136.62 

HC 

191.74 

1.40 

KW= 

CO KNOX 

234.25 786.84 

1.71 5.76 

101.87 

KNO 

690 

5.05 

FUEL 

24414 

178.71 

EXHAUST 

928189 

CO2 

76748 

561.78 

NMHC 

98.53 

0.72 

W.F. 
MODE = 

PARTIe. WT. MG = 

:xh.Probe Mass Flow Rate (giSec.)= 
Sample Time (Sec.)= 

I.Exh.Sample Mass-Part.Filter (kg) = 

unnel Tot Flow Temp.Corr. (semm)= 
Oil. Tunnel Tot Mass Flow (kg/Hr.)= 

Partie.Mass Flow Rate (g/Hr.)= 

0.15 
1 

1.25 
1.087 

180 
0.20 

65.11 
5051.29 

32.271 

0.15 
2 

0.82 
0.868 

180 
0.16 

65.28 
5064.62 

26.581 

0.15 
3 

0.66 
0.682 

180 
0.12 

65.34 
5069.43 

27.255 

0.10 
4 

0.60 
0.441 

120 
0.05 

65.37 
5071.71 

57.502 

0.10 
5 

1.76 
0.859 

120 
0.10 

65.20 
5058.45 

86.368 

0.10 
6 

0.65 
0.671 

120 
0.06 

65.23 
5060.83 

40.654 

0.10 
7 

0.31 
0.567 

120 
0.07 

65.26 
5063.23 

23.069 

0.15 
6 

0.13 
0.137 

180 
0.02 

65.34 
5069.15 

26.723 

AVG GM/KINH • 1.86 2.30 7.72 6.77 239.65 753.38 0.97 GM/BHPH­ 0.127 0.135 0.207 2.211 0.410 0.265 0.226 

WTO AVG GM/H - 37.704 

WT AVG N02JNOX RATIO· 0.133748634 WEIGHTED AVG GM/BHPH = 0.276 

WTD AVG GM/KWH = 0.370 

Approved _8-Mode Test Resun Ver.2 0&2007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

11>-" 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP20 (MULTI-FILTER) 
BASELINE 

HC FID FUEL RT AlrMas EngExh ABSHUM 
ppm GWMIN scTm dell'F GRiLB 

Air In 
dogF 

BaroP 
InHga 

II.CAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Melhane 
ppm 

NMHC 
ppm 

Humldy 
% 

OilP 
p.lg 

2200.0 
2200.0 
2200.' 
2200.0 
'400.0 
'399.9 
1399.9 
592.3 

607.7 
469.8 
3'4.9 
62.1 

789.4 
578.7 
362.2 

0.9 

254.6 
196.8 
'32.0 
26.0 

210.4 
'54.2 
'01.9 

0.' 

5.60 
5.45 
4.93 
3.17 
7.59 
7.47 
6.71 
5.99 

170.27 
'05.04 
119.05 
234.83 
867.19 
599.19 
240.74 
292.7' 

674.00 
60126 
480.74 
185.73 
800.42 
798.58 
686.22 
343.90 

56166 
53463 
422.35 
142.53 
701.27 
706.8' 
6'8.37 
268.33 

399.96 
440.22 
534.65 
78'.'9 
198.73 
305.83 
449.'9 

830.5 

744.5 
581.5 
4'3.5 

172 
565 
412 
278 

16.75 

SOU 
430.8 
352.0 
259.5 
273.9 
216.9 
175.8 
53.8 

906.6 
838.1 
741.3 
5115 

1020.2 
953.8 
799.9 
376.8 

52.1 
51.8 
5'.4 
51.5 
515 
514 
51.4 
53.3 

73.8 
74.5 
74.8 
74.6 
74.2 
74.5 
74.6 
75.2 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.026 
0.023 
0.015 
0.036 
0.Q35 
0.031 
0.Q28 

636.12 
567.07 
452.94 
175.04 
754.35 
752.33 
646.50 
325.52 

1015 
103.9 
105.4 
104.9 
100.0 
'01.2 
'00.5 
98.1 

549.0 
504.2 
397.9 
134.3 
660.9 
667.8 
582.6 
254.0 

208.5 
179.1 
'82.9 
281.4 
'94.9 
247.2 
268.9 

749.0187 

191.4 
26'.' 
351.8 
499.7 

3.8 
58.7 

'60.3 
81.4 

42.3 
410 
40.3 
40.7 
41.2 
40.7 
40.6 
4'.2 

52.4 
49.9 
50.2 
53.1 
36.1 
37.2 
39.7 
'9.2 

WT.FAC 
~, 

Modo 
No HC CO 

GRAMS'HOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02/NOX 
RATIO 

'5.00 
'5.00 
'5.00 
'0.00 
'0.00 

1 
2 
3 
4 
5 

307.59 
281.24 
267.70 
246.77 

68.23 

263.21 
134.89 
119.82 
150.3' 
773.65 

16'5.48 '365.98'4 
1196.35 1061.047 
748.90 659.5425 
164.07 143.93756 

1105.90 964.32356 

WHO 
34890 
24610 
'0320 
33900 

1696251 
'404736 
'095767 
685974 
994629 

'40622.0' 
'09972.20 
77948.96 
3'831.90 

106426.17 

'47.7 
'67.4 
178.8 
180.5 

1.7 

0.14 
0.11 
0.12 
0.23 
0.12 

'0.00 
'0.00 
15.00 

8 
7 
6 

100.82 
111.39 

'3.79 

397.05 

'20.00 
9.77 

819.02 725.94047 

529.43 478.28989 
17.65 14.115439 

24720 

'6660 
1005 

737748 
551283 

36735 

77753.68 
52560.46 
3'40.52 

'9.4 

".9 
14 

0.11 
0.10 
0.22 

WTDAVG BHP­

WTOAVGGWH­

AVG GM/BHPH" 

AVGGWKINH­

136.77 

HC 

'85.47 

1.36 

'.82 

KW­

CO KNOX 

223.27 800.63 

1.63 5.85 

2.19 7.65 

101.99 

KNO FUEL 

699 24368 

5.11 178.17 

6.86 236.93 

EXHAUST 

931987 

CO2 

76640 

560.36 

751.45 

NMHC 

96.64 

0.71 

0.95 

W.F. 

MODE­

PARTIC. WT. MG -
Exh.ProbO 1.1... Flow Rille (Il'Soc.)­

S.mple Time (Soc.)­

DU.Exh.Samp~ Mau-Par1.Fllter (kg) • 

Djl.Tunnei Tot Flow Temp.Corr. (acmm)­

Dil.Tunnei Tot Mall Flow (k9'Hr.)­

Partlc.Mass Flow R8I:e (gIH'r.)­

GM/BHPH" 

0.15 
l 

1.16 
1.087 

180 
0.20 

65.09 
5049.5 
29.937 

0.118 

0.15 
2 

0.93 
0.868 

180 
0.16 

65.30 
5066.3 
30.156 

0.153 

0.15 
3 

0.77 
0.682 

160 
0.1228 

65.36 
5070.8 
31.806 

0.241 

0.10 
4 

0.63 
0.441 

120 
0.05 

65.36 
5070.7 
60.366 

2.322 

0.10 
5 

1.51 
0.659 

120 
0.10 

65.21 
5058.7 
74.103 

0.352 

0.10 
6 

0.58 
0.671 

120 
0.08 

65.25 
5062.4 
36.468 

0.236 

0.10 
7 

0.33 
0.567 

120 
0.07 

65.25 
5062.2 
24.552 

0.241 

0.15 
8 

0.13 
0.137 

180 
0.02 

65.29 
5065.2 
26.702 

wr AVG N02lNOX RATIO­ 0.145129416 
WTD AVG GM/H = 

WEIGHTED AVG GM/BHPH " 

37.339 

0.273 

WTD AVG GM/KWH = 0.366 

Approved _8-Mode Test Result Ver.2 0812007 



B-Mooe Tl!'8t R"uFts 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

Mod. 
EngSpd 

RPM 
OynTrq 

I... 
Engp..,. 

Hp 
CO2 

'" 
CO 
ppm 

NO, 
ppm 

NO 
ppm 

8MLP21 (MULTI-FILTER) 
BASELINE 

HC FlO FUEL RT AlrMas EngExtl ABSHUM 
ppm GMll.1IN edm degIF GRILB 

Air In 

dOllF 

Bare P 
InHga 

III1CAL 
FACTOR 

KNOx 
PPM 

Fuelln 

dOllF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidv 

'" 
OIIP 

"'ill 

nHinC 
RATIO 

2200.0 
2200.0 
22000 
2200.0 
1400.0 
1400.0 
1400.0 
575.7 

614.0 
448.8 
314.8 
61.9 

789.8 
578.2 
378.5 

" 

251.2 
167.9 
131.9 
2".9 

210.4 
154.0 
101.0 

0.1 

5.85 
5.43 
4.65 
288 
735 
7.06 
8.13 
3.31 

184.35 
99.23 

113,98 
224.34 
888.26 
631.99 
248.51 
217.49 

668.84 
590.43 
~9.25 

169.87 
790.67 
7ee.83 
665.87 
309.57 

589.93 
533.76 
416.51 
130.24 
708.99 
715.10 
80665 
247.92 

396.29 
412.90 
540.52 
787.91 
178.90 
297.50 
450.31 
799.42 

7~.5 

554.5 
410.5 

'88 
567 
412 
275 

16 

499.2 
406.1 
343.7 
256.3 
270.8 
2H.8 
175.1 
52.5 

914.2 
838.1 
746.5 
513.3 

1030.8 
961.6 
804.5 
392.7 

56.6 
06.0 
55.6 
57.3 
56.. 
57.5 
56.9 
57.8 

80.8 
81.9 
81.5 
80.0 
79.2 
79.2 
78.9 
76.8 

29.90 
29.90 
29.90 
29.90 
29.90 
29.90 
29.90 
29.90 

0.028 
0026 
0.023 
0.014 
0.034 
0.033 
0.029 
0.016 

638.27 
562.80 
446.99 
162.20 
758.10 
752.48 
835.88 
296.33 

97.1 
100.1 
101.8 
102.5 
103.8 
103.4 
100.7 
94.0 

563.0 
506.6 
398.7 
124.5 
679.6 
884.1 
579.3 
237.3 

214.0 
165.4 
178.0 
270.9 
175.7 
2342 
2"49 
7525 

182.3 
247.5 
364.5 
517.0 

'2 
83.3 

195.4 
48.9 

36.2 
348 
35.0 
37.7 
39.4 
36.9 
36.8 
39.5 

56.2 
53.6 
51.2 
53.4 
35.9 
368 
40,0 
16.3 

'8 
'.8 
'.8 
'8 
1.8 
1.8 
1.8 
'.8 

WT. FAC 

'" 
Mod. 

No He CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02/NOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
S 

302.87 
252.80 
2n.90 
288.40 

81.40 

283.01 
122.03 
115.87 
153.81 
819.73 

1609,78 1411.4816 
1136,60 1024.8681 

745.2!l 66EI.42354 
182.48 143.01999 

1151.96 1027.3166 

44790 
33270 
24630 
'0080 
34020 

1886441 
1345745 
1104B60 

732524 
1029734 

141188.45 
10492'5.58 
77386.01 
31000.66 

106757.87 

139.7 
151.9 
154.7 
1n.7 

0.8 

0.12 
0.10 
0.11 
0.23 
0.10 

10,00 

10.00 
15.00 

8 
7 
8 

103.61 

120.74 
22.88 

442.42 

132.65 
12.40 

865.41 785.46522 

562.82 514.38783 
27.76 22.753845 

24720 

18""" 
960 

7n313 
593483 
81326 

77873,79 

51937.73 
2965.05 

22.1 
52.8 

'.4 

0.09 
0.09 
0.20 

WTDAVG BHP. 

WTD AVG GAI'w'H .. 

AVG GMlBHPH" 

136.71 

HC 

18504 

1.36 

KW" 

CO KNOX 

23483 804.17 

1.73 6.93 

101.20 

KNO 

716 

5.27 

FUEL 

24080 

177.44 

EXHAUST 

943061 

CO2 

75704 

567.86 

NMHC 

96.95 

0.71 

WF. 

MODE = 

PARTIe. WT, MG -
Exh. Probe Mass Flow Rate (glSec.)= 

Sample Time (Sec.)= 
Dil. Exh. Sample Ma88-Part.Filter (kg) = 

Dil.Tunnel Tot Flow Tamp. Carr. (scmm)= 
Dil.Tunnal Tot Mas8 Flow (kgIHr.)= 

Pertic.Ma88 Flow Rate (glHr.)= 

015 
1 

1.12 
1.067 

160 
0.20 

85.10 
5050.1 
28.908 

0.15 
2 

0.62 
0.666 

180 
016 

65.29 
5064.8 
28562 

0.15 
3 

0.73 
0.662 

160 
0.1228 

65.32 
5067.4 
30.134 

0.10 
4 

0.57 
0.441 

120 
0.05 

6537 
5071.6 
54626 

0.10 
5 

149 
0.659 

120 
0.10 

65.23 
50602 
73144 

0.10 
6 

0.59 
0.671 

120 
0.08 

85.22 
5060.1 
37.078 

0.10 
7 

0.33 
0.567 

120 
0.07 

65.26 
5082.9 
24.555 

0.15 
6 

0.06 
0.137 

180 
0.02 

6535 
50898 
12.335 

AVG GMlK'NH = 1.83 2.32 1.95 7,07 237.95 748.09 0.96 GM/BHPH­ 0.112 0.141 0.226 2.108 0348 0.241 0.243 

WTD AVG GMIH = 33634 

WT AVG N02INOX RATIO = 0.12974S7S6 WEIGHTED AVG GM/BHPH­ 0.248 

WTD AVG GMIKWH = 0.332 

Approved _B-Mode Tell1 R~utt \fer.2 0812007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

M""e 
EngS'" 

RPM 
DynTrq 

11>-" 
Eng""" 

Hp 
CO2 

" 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP22 (MULTI·FILTER) 
BASELINE 

HC FlO FUEL RT AirMas EngExh A8SHUM 
ppm GM/MIN .c1m degiF GR/LB 

Air In 
<legF 

8afo P 
InHg~ 

flaCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
dogF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 

" 
OIIP 

ps~ 

nHinC 
RATIO 

2200.0 
2199.9 
2199.9 
2200.0 
n99.9 
1399.9 
1399.9 

567.4 

613.4 
<62.9 
314.9 
82.0 

790.1 
577.9 
382.2 

1.3 

256.9 
193.9 
131.9 
26.0 

210.6 
154.0 
101.8 

0.1 

5.83 
~.45 

4.88 
2.98 
7.49 
7.29 
6.45 
3.91 

175.8EI 
103.69 
114.78 
233.05 
e92.77 
809.76 
232.93 
303.17 

671.79 
806.71 
469.83 
168.73 
7e3.54 
786.65 
655.31 
344.97 

~90.74 

~~1.32 

423.19 
131.48 
714.10 
706.80 
611.93 
298.71 

410.4~ 

447.68 
552.60 
808.75 
197.22 
316.95 
477.10 
990.20 

749.5 
577.5 

412 
169 
564 

410.5 
277 

16 

507.9 
42'3.0 
348.1 
2603 
2n.4 
219.0 
178.5 
51.9 

9009 
842.8 
740.5 
510.7 

1023.8 
955.2 
800.6 
392.0 

64.5 
61.6 
61.5 
62.0 
61.4 
80.9 
81.0 
82.7 

74.8 
7~.9 

7ll.4 
75.9 
75.8 
76.0 
75.9 
76.2 

29.90 
29.90 
29.90 
29.90 
29.90 
29.90 
29.90 
29.90 

0.027 
0.026 
0.023 
0.015 
0.035 
0.034 
0.030 
0.019 

653.98 
586.22 
453.93 
163.21 
756.85 
739.52 
632.26 
334.25 

98.0 
100.2 
101.1 
101.3 
102.6 
102.7 
100.8 
93.8 

~75.1 

532.7 
408.9 
127.2 
889.8 
681.8 
5!ilO.4 
289.4 

202.4 
189.1 
172.1 
265.2 
179.2 
231.1 
249.7 
959.0 

208.0 
278.e 
380.5 
~3.8 

18.' 
85.8 

227.4 
31.2 

50.3 
48.2 
45.8 
48.8 
48.7 
45.7 
45.8 
48.7 

58.8 
~5.9 

53.4 
53.2 
37.1 
37.8 
40.5 
17.9 

1.8 
1.8 
1.8 
1.8 
1.8 
18 
1.8 
1.8 

wr. FAC 

" 
Mode 

No HC CO 

GRAMSIHOUR-­

KNOX <NO 

-----­
FUEL EXHAUST CO2 N~HC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

316.00 
283.98 
278.61 
267.76 

88.57 

2n.,5 
132.21 
116.32 
155.09 
805.92 

1882.68 
'227.95 

755.75 
178.44 

1122.43 

1453.7156 
1113.2275 
682.6n5 

141.96456 
1018.043 

44970 
34850 
24nO 
10'40 
33840 

1792279 
14678E18 
1160838 

750081 
1057411 

141736.45 
109203.73 
mm.47 
31191.37 

106183.69 

160.7 
177.3 
192.5 
181.5 

8.1 

0.12 
0.09 
0.10 
0.22 
0.09 

10.00 
10.00 
15.00 

6 

7 
8 

106.59 

1.22.63 
23.75 

4'2.18 
120.34 

14.62 

821.28 

536.66 
28.47 

756.2068 
502.66377 
23.489638 

24630 
16620 

960 

790070 
599557 

54804 

n425.37 

52333.40 
2958.19 

28.9 
58.7 

0.8 

0.08 

0.07 
0.13 

WTDAVG BHP= 

WTDAVGGM/H= 

AVG GMlBHPH " 

136.68 

HC 

'93.91 

1.42 

KW .. 

CO KNOX 

229.65 816.81 

1.68 6.98 

101.92 

KNO 

733 

6.36 

FuEL 

24318 

177.92 

EXHAUST 

991080 

CO2 

76443 

659.30 

NMHC 

10741 

0.79 

WF. 

MODE = 
PARTie. WT, MG­

:xh.Probe Mass Flow Rate (glSee)= 
Sample Time (See.)= 

.Exh.Sample Mass-PartFiller (kg) = 
unnel Tot Flow Temp.Corr. (semm)= 

Dil Tunnel Tot Mass Flow (kglHr.)= 

Partie. Mass Flow Rale (gtHr.)= 

015 
1 

1.02 
1.067 

160 
0.20 

6510 
5050.7 
26330 

0.15 
2 

0.96 
0.666 

180 
016 

65.37 
50712 
31.159 

0.15 
3 

0.67 
0.682 

180 
0.12 

65.33 
50687 
27.664 

0.10 
4 

0.52 
0.441 

120 
0.05 

65.37 
50714 
49632 

010 
5 

1.34 
0.859 

120 
0.10 

6516 
5056.6 
65737 

0.10 
6 

0.51 
0.671 

120 
006 

6523 
5060.6 
32053 

0.10 
7 

0.17 
0.567 

120 
0.07 

65.24 
5061.6 
12.647 

0.15 
6 

0.09 
0.137 

180 
0.02 

6536 
5070.9 
18507 

AVG GM/KWH = 1.90 2.25 8.01 7.19 238 60 750.03 105 GM/BHPH­ 0.102 0.161 0210 1.917 0312 0206 0124 

WTD AVG GMIH = 31.576 

WT AVG N02INOX RATIO = 0.112176474 WEIGHTED AVG GM/BHPH - 0.231 

WTD AVG GM/~ = 0.310 

APPfa.-ed _8-Mode Test Result Ver.2 Oeno07 



8-Mode Tesl Resuftll 

OLSON·ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VlSCON POLYMER 

8MLP35 (MULTI-FlLTER) 
wNlscon 

EngSpd' DynTrq Et1gPwl' CO2 CO NO, NO HC FlO FUEL RT Al,Ms. EngEkh ABSHUM Air In Baro P fisCAL KNOx F~ln KNO Methsne NMHC Humidy OIlP nHlnC 
Mod. RPM 1M Hp " Ppm ppm ppm ppm GWMIN ecfm dogF GR/LB dogF InHga FACTOR PPM dogF PPM ppm ppm " pelg RATIO 

2200.0 577.4 241.9 5.84 201.33 no.69 599.91 486.14 703 470.1 910.8 33.9 79.9 30.10 0.0275077 651.12 97,2 542.0 257.6 228.5 227 49.3 1.8 
2200.0 470.1 196.9 5.62 124.68 661.20 565.74 515.32 576.5 406.7 863.8 35.7 81.6 30.10 0.0264724 599.94 98.9 513.3 238.2 277.1 22.8 49.7 1.8 
2200.0 315.3 132.1 5.05 134.82 515.14 445.53 613.67 406 333.2 761.2 35.9 81.4 30.10 0.0239173 467.59 100.1 404.4 226.9 Jae.8 22.8 51.3 1.8 
2199.9 61.9 25.9 3.14 256.17 179.66 138.93 851.37 165.5 254.1 517.7 35.7 BO.8 30.10 0.0153007 163.01 100.1 1:26.0 341.8 509.8 23.1 53.0 1.8 
1400.0 788.7 210.2 7.67 912.62 809.01 691.29 1&4.23 568.5 262.6 1054.6 35.3 80.6 30.10 0.0358942 733.35 97.7 626.8 184.2 0.0 23.0 38.4 1.8 
1400 0 578.3 154.1 7.49 694.23 803.87 705.26 337.22 411 208.8 982.2 35.9 81.6 30.10 0.03~741 729.71 99.5 640.2 303.7 33.5 22.7 38.9 '.8 
1400.0 382.1 101.9 6.69 257.33 686.30 615.93 502.25 275.5 171.7 819.0 36.7 82.6 30.10 0.0313588 624.10 99.0 560.1 320.2 182.1 22.4 41.1 1.8 
576.0 '3 01 4.51 358.00 307.22 151.31 944.13 15.25 51.9 397.3 38.7 82.4 30.10 0.0217134 279.38 92.3 226.5 944.1 0.0 22.5 17.6 1.8 

---­---­ GRAMSIHOUR-­ -----­
WT FAC Mode N02lNOX 

" No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 , 349,66 291.07 1546.53 1282.6533 42180 '582999 132718.44 165.09 0.17 
15.00 2 316.15 153.76 1215.44 1038.8483 34590 1347904 108877.27 170.70 0.14 
15.00 3 294.23 129.93 740.34 642.89433 24360 1048089 76416.70 18Ei.28 0.14 
10.00 4 262.39 158.69 165.90 131.0522 9930 882232 30534.15 158.73 0.23 
10.00 5 81.47 811.21 1070.91 910.58821 34110 989198 10705735 0.00 0,15 

10.00 6 110.42 456.93 78905 691 58312 24860 731350 77436.48 1101 0.12 
1000 7 123.73 127.42 50771 45718931 16530 546415 52032.30 45.06 0.10 
15.00 8 18.78 1432 18.35 15.319233 9'5 43275 2831.09 0.00 0.18 

W.F. 0.'5 0.'5 0.15 0.10 0.10 0.10 0.10 0.15 

WTO AVG BHP" 134.86 KW" 100.57 MODE= 1 2 3 4 5 6 7 6 

PARTIe. WT. MG ° 1.04 0.59 0.45 0.39 1.42 0.44 0.20 0.03 
Exh. Probe Mass Flow Rate (g/Sec.)= 1.087 0.668 0.662 0.441 0.659 0.671 0.567 0.137 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (Sec.)= 160 160 160 120 120 120 120 160 
lil.Exh.Sample Mass-Part.Filler (kg) = 0.20 0.16 0.1226 0.05 0.10 0.06 0.07 0.02 

WTOAVGGWH = 20463 243.79 781.45 666 23830 896260 74833 9979 Tunnel Tot Flow Temp.Corr. (scmm)= 65.05 65.29 65.36 65.40 65.23 65.24 65.22 65.32 
DiI.Tunnel Tot Mass Flow (kg/Hr.)= 5046.71 5064.69 5070.94 5073.57 5060.16 5061.52 5059.66 5067.54 

AVG GM/BHPH" 1.52 1.81 5.79 4.94 176.69 554.88 0.74 Partie. Mass Flow Rale (g/Hr.). 26.625 19.126 18.588 37.390 69.707 27.659 14.673 6.165 

AVGGM/K"NH = 2.03 2.42 777 8 62 236.95 74410 099 GMIBHPHo 0.111 0.097 0.141 1.444 0.332 0.179 0.146 

WTD AVG GMIH = 25569 

WT AVG N02lNOX RATIO = 0.154101594 WEIGHTED AVG GM/BHPH ° 0.190 

WTD AVG GM/KWH = 0.254 

ApprOYed _8-Mode Te51 Resun v~.2 0!V2007 



B-Mooe TMt RMult$ 

OLSON·ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

"ode 
EngSpd 

RP" 
DynTrq 

I.... 
EngPwr 

Hp 
CO2 .. CO 

ppm 
NO, 
ppm 

NO 
ppm 

8MLP36 (MULTI-FILTER) 
wNlscon 

HC FlO FUEL RT A,rMas EngExtl ABSHUM 
ppm GWMIN odm doglF GR/LB 

AJr In 
dogF 

Baro P 
InHga 

U3CAL 
FACTOR 

KNOx 
PP" 

Fuelln 
dogF 

KNO 
PP" 

Ml!I'thane 
ppm 

NMHC 
ppm 

Humidy.. OIIP 
po~ 

nHinC 
RATIO 

2200.0 
22000 
22000 
2200.0 
1400.0 
'400.0 
1400.0 
583.0 

596.1 
470.3 
315.0 
61.9 

769.1 
578.2 
382.2 

1.4 

249.7 
197.0 
132.0 
259 

210.3 
154.1 
101.9 

0.2 

5.82 
5.49 
4.98 
3.14 
7.63 
7.43 
6.68 
4.51 

222.35 
117.80 
127.93 
251.14 
914.45 
676.36 
251.37 
353.68 

716.22 
648.66 
505.38 
178.33 
812.16 
802.84 
683.22 
269.30 

590.06 
551.86 
435.75 
136.11 
704.56 
711.33 
618.13 
235.47 

458.65 
503.34 
814.29 
876.48 
201.83 
357.03 
516.76 
976.85 

726 
5n.5 

407 
184 
566 

410.5 
275.5 

15.5 

479.6 
406.9 
339.0 
255.5 
266.2 
214.1 
1n.9 
53.8 

920.9 
863.0 
759.7 
516.0 

1048.3 
976.2 
814.0 
369.5 

37.3 
41.9 
41.9 
40.6 
41.4 
41.5 
41.1 
41.5 

79.6 
81.6 
BO.3 
77.0 
75.9 
76.1 
76.1 
76.3 

30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 
30.10 

0.027 
0.026 
0.024 
0.015 
0.036 
0.035 
0.031 
0.022 

652.26 
597.24 
465.37 
163.70 
746.86 
738.53 
827.86 
266.11 

100.7 
102.7 
102.9 
102.5 
99.8 

100.7 
99.5 
92.0 

537.4 
508.0 
401.2 
124.9 
647.9 
654.3 
568.0 
216.6 

244.8 
237.8 
233.7 
348.8 
201.8 
310.5 
330.1 
976.9 

213.9 
265.5 
380.8 
527.7 

0.0 
46.5 

186.6 
0.0 

25.1 
26.4 
27.6 
29.8 
31.4 
31.4 
31.1 
31.1 

51.382828 
50.175089 
51.410597 
53.166862 
36.870917 
39.052405 
41.102698 
18.148681 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
18 
1.8 

WT. FAC .. "ode 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

----­

FUEL EXHAUST CO2 NMHC 
N02/NOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

10.00 

10.00 
15.00 

1 
2 
3 
4 
5 

6 

7 
8 

342.21 
316.52 
299.24 
266.97 
89.26 

117.60 

127.52 
1973 

333.47 
148.90 
1",.26 
153.76 
812.87 

449.1' 
124.69 

14.36 

1607.10 1318.0149 
1240.24 1053.4~ 

748.61 648.11533 
164.65 128.48007 

1090.70 941.7lS657 

803.27 711.2036 

511.86 464.57715 
17.74 14.748124 

43560 
34850 
24420 
9840 

33960 

24630 

16530 
930 

1642557 
1381269 
1065102 
654976 
9S9745 

735B55 

547832 
43957 

137068.60 
109074.72 

76599.23 
30240.90 

106552.61 

77332.60 

52024.61 
2875.80 

160.2 
167.7 
186.3 
162.5 

0.0 

15.4 

46.3 
0.0 

0.18 
0.15 
0.14 
0.24 
0.13 

0.11 

0.10 
0.19 

WTDAVG BHp. 

WTOAVGGWH = 

AVG GMlBHPH -

136.04 

HC 

206 79 

1.52 

KW .. 

CO KNOX 

247.34 799.08 

1.82 8.87 

101.45 

KNO 

6BO 

8.00 

FUEL 

24030 

178.64 

EXHAUST 

912754 

CO2 

75458 

864.87 

NMHC 

99.54 

0.73 

WF 
MODE = 

PARTie. WT, MG -
Exh. Probe Mass Flow Rata (glSac.)= 

Sampia Tima (Sac.)= 
Dil.Exh.Sample Mass-Part.Filtar (kg) = 

Dil.Tunnal Tal Flow Temp.Corr. (ocmm)= 
Dil.Tunnal Tot Maoo Flow (kgIHr.)= 

Partic.Mass Flow Rata (glHr.)= 

0.15 
1 

064 
1.067 

160 
020 

6506 
5047.24 
21.869 

015 
2 

0.53 
0.866 

160 
0.16 

65.30 
5066.24 

17.186 

0.15 

3 
045 

0.662 
160 

0.1228 
65.42 

5075.64 
16.606 

0.10 
4 

0.36 
0.441 

120 
0.05 

6536 
507222 
36.422 

0.10 
5 

1.37 
0.659 

120 
0.10 

65.20 
5058 56 
67.231 

010 
6 

0.40 
0.671 

120 
0.08 

65.22 
5059 88 
25136 

0.10 
7 

018 
0.567 

120 
0.07 

6527 
5063.42 

13.395 

0.15 
8 

0.Q1 
0.137 

160 
0.02 

65.33 
506818 

2055 

AVGGWKWH =­ 2.04 2.44 7.86 6.70 236.87 743.62 0.96 GMlBHPH­ 0.067 0.067 0.141 1.404 0.320 0.163 0.131 

WTD AVG GMIH = 23.146 

WT AVG f\102JNOX RATIO = 0.155277756 WEIGHTED AVG GM/BHPH - 0.170 

WTD AVG GMIKWH = 0228 

ApprOVed _B-Mooe Test RMull Ver.2 0&"2007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150·8178 8-MODE TESTING OF VISCON POLYMER 

8MLP37 (MULTI-FILTER) 

Mode 
EngSpd 

RPM 

22000 
22000 
22000 
2200.0 
1400.0 
1400.1 
1400.0 
~83 7 

OynTrq 

II>" 

6066 
0699 
3148 
619 

7895 
578.1 
382.0 

13 

Eng""" 
Hp 

254.1 
196 8 
1319 
259 

210.4 
154.1 
101.8 

01 

CO2 

'" 
5.82 
5.49 
4.93 
3.00 
7.56 
7.43 
6.66 
4.34 

CO 
ppm 

219.44 
121.71 
132.16 
256 47 
90041 
m96 
272.33 
43578 

NO' 
ppm 

73547 
674 fA 
51612 
185.14 
82472 
834.44 
714.93 
31461 

NO 
ppm 

608.13 
572.11 
44927 
13911 
710.87 
731.05 
653.33 
259.64 

HC FID 
ppm 

440.35 
468.09 
607,41 
868.51 
228.23 
348.52 
505.30 

1122.590008 

FUEL RT 
GMfMlN 

744.5 
578 

406.5 
166.5 
568.5 
413.5 
275.5 
1575 

wNlseon 
A1rMa, EngExh 

odm degJF 

482.7 923.3 
405.8 863.3 
334.1 7607 
250 3 5160 
2613 1056 5 
210.7 9828 
172 2 8187 
528 387.7 

ABSHUM 
GRIlB 

36.6 
36.6 
36.6 
36.2 
363 
34.8 
34.0 
34.4 

AIr In 
dogF 

77.2 
79.7 
806 
80.5 
807 
809 
80.1 
79.5 

Baro P 
InHga 

30.10 
30.10 
30 10 
30.10 
30.10 
30.10 
30.10 
3010 

t1aCAl 
FACTOR 

0.027 
0.026 
0.023 
0.015 
0.035 
0.035 
0.031 
0021 

KNOx 
PPM 

668.74 
613.66 
469.24 
168.16 
749.31 
755.47 
645.99 
2&4.55 

Fuelln 
dogF 

96.6 
99.1 
99.6 

100.0 
97.6 
98.4 
98.1 
91.2 

KNO 
PPM 

553.0 
~20.2 

408.5 
126.4 
645.9 
661.9 
590.3 
235.0 

Methane 
ppm 

240.0 
713.8 
22e.1 
343.4 
192.6 
307.3 
329.8 

1045.3 

NMHC 
ppm 

200.3 
2643 
38',3 
525.1 
357 
41.2 

175.5 
77.3 

Humidy 

'" 
2<1.7 
24.6 
23.9 
23.7 
23.6 
22.5 
22.5 
23.2 

OrlP 
psig 

53.1 
51.0 
51.1 
527 
364 
38.' 
41.1 

'" 

nHlnC 
RATIO 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 

Exh. P 

ps" 

WT. FAC 

'" 
Mode 

No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
1~.00 

15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

337.12 
307.14 
299.93 
275.46 
102.27 

337.68 
153.94 
13117 
163.50 
810.99 

1690.66 1390.7494 
1275.15 1079.2746 

765, 16 668.71307 
176.12 135.327n 

1106.77 951.48078 

44670 
3<l680 
24510 
9990 

341'0 

1736437 
1423277 
1111~9 

701778 
1031981 

140611.74 
109191.96 
76874.27 
30676.32 

106992.00 

154 0 
167.0 
189.2 
168.4 

16,0 

0.17 
0.15 
0.13 
0.25 
0.14 

10.00 

10.00 
15.00 

6 
7 
8 

115.68 

124.96 
23,79 

482.34 

135.38 
18.56 

828.05 724.83233 

527.55 483.74381 
19.91 16.862798 

24810 

16530 
945 

762078 

563588 
47421 

n859.47 
~2015.91 

2904.10 

13.7 

43.6 
1.7 

0.12 
0.09 
0.17 

WTDAVG BHP­

WTDAVGGWH = 

AVG GMlBHPH ­

136.67 

HC 

207.03 

1.61 

KW" 

CO KNOX 

25~.42 826.68 

1.87 6.05 

101.92 

KNO 

703 

5.14 

FUEL 

24265 

177.54 

EXHAUST 

953702 

CO2 

76192 

557.48 

NMHC 

100.94 

0.74 

WF. 

MODE = 
PARTIe. WT, MG • 

Exh. Probe Mass Flow Rate (glSee.)= 
Sample Time (See.)= 

Dil.Exh.Sample Mass-PartFilter (kg) = 
Dil.Tunnel TOI Flow Temp.Corr. (scmm)= 

Dil.Tunnel Tot Mass Flow (kgIHr.)= 

Partie Mass Flow Rate (glHr.)= 

015 
1 

0.89 
1087 

180 
020 

6506 
5047.19 

22.958 

0.15 

2 
0.65 

0868 
180 

0.16 
6532 

506719 
21.081 

015 
3 

060 
0.682 

180 
01228 

65.35 
506971 

24.779 

0.10 
4 

040 
0.441 

120 
0.05 

65.36 
5070.63 

38.327 

0.10 
5 

1.57 
0.859 

120 
0.10 

65.18 
5056 95 

77.022 

0.10 
6 

059 
0.671 

120 
008 

6523 
5060.45 

37.080 

0.10 
7 

0.19 
0567 

120 
0.07 

65.24 
5061.65 

14135 

0.15 
8 

0.01 
0137 

180 
0.02 

65.34 
506922 

2.056 

AVGGWKWH = 2.03 251 8.11 6.90 238.09 747.60 0.99 GM/BHPH­ 0.090 0.107 0168 1.478 0368 0.241 0139 

WTD AVG GMIH = 27287 

WT AVG N02lNOX RATIO = 0.' 5402'2224 WEIGHTED AVG GM/BHPH ­ 0.200 

WTDAVG GM/KWH = 0268 

ApproylI'd _8-Mode Tes1 Resuh Ver2 0812007 



e..Mode Tell Resutls 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP38 (MULTI-FILTER) 
wNiscon 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirM8S EngExh ABSHUM Air In e8m P lIoCAL KNOx FueUn KNO Methane NMHC Humidy DrIP 
Mode RPM It>-ft Hp % ppm ppm ppm ppm GMiMIN sclm degiF GRiLB degF InHga FACTOR PPM degF PPM ppm ppm % psig 

1 2200.0 811.9 256.3 5.89 221.28 757.40 612.52 424.0 743 <lI5.5 928.0 33.8 77.1 30.10 0.0268095 684.08 95.9 553.2 228.0 196.0 24.7 54.3 
2 2200.0 469.7 196.8 5.35 118.28 689.46 573.16 491.8 574.5 405.6 862.5 33.9 79.6 30.10 0.025228 622.85 98.8 517.8 211.2 280.6 22.8 51.2 
3 2200.0 314.9 '31.9 4.83 12e.75 540.81 451.87 604.4 408 330.6 756.2 33.4 80.0 30.10 0.Q229023 488.08 99.5 407.8 211.2 393.2 22.2 51.5 
4 2200.0 82.0 25.9 3.01 255.44 193.73 141.56 869.4 188 250.8 516.6 32.7 79.0 30.10 0.0147 174.55 99.4 127.5 331.4 538.0 22.5 53.4 
5 1400.0 789.4 210.4 7.48 912.41 858.07 718.46 223.2 565.5 2e4.4 1048.5 32.5 78.9 30.10 0.0350607 772.77 96.8 847.0 199.9 23.3 22.4 36.9 
6 1400.0 578.0 154.1 7.33 695.48 846.93 723.32 35'.1 410 211.2 977.4 33.0 79.4 30.10 0.0343842 763.57 98.8 652.1 297.9 53.2 22.4 39.1 
7 1400.0 382.2 101.9 6.58 256.96 738.88 646.84 510.1 275.5 172.5 815.0 33.6 79.2 30.10 0.0308787 887.10 97.9 563.8 321.4 188.7 23.0 41.4 
8 592.2 1.4 0.2 5.94 381.02 342.87 2e5.73 1130.2 15.75 53.8 386.4 35.3 79.0 30.10 0.0282793 310.76 91.3 240.8 1041.7 88.5 24.2 18.2 

-------GRAMSIHOUR-­ -----­
WT. FAC Mode N02lNOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 330.94 347.14 1783.03 1417.9437 44580 17'5444 140329.90 153.6 0.'9 
15.00 2 315.88 152.70 1321.02 1096.5218 34470 1407420 108497.76 180.9 0.17 
15.00 3 304.41 128.32 811.79 681.01062 24480 1098474 78769.10 198.9 0.16 
10.00 4 279.89 185.30 185.58 138.72984 9960 690679 30563.98 175. , 0.27 
10.00 5 100.59 82e.36 1149.82 958.41777 33930 1006180 106400.13 10.5 0.16 

10.00 6 117.14 468.41 841.27 717.92083 24600 743837 77211.33 17.8 0.15 
10.00 7 127.68 129.28 551.39 484.2e495 18530 554420 52018.91 47.5 0.12 
15.00 8 17.69 11.36 16.07 12.882996 945 34530 2934.68 1.4 0.22 

WF. 0.15 0.15 0.15 0.1 0.1 0.1 0.1 0.15 

WTD AVG BHP '" 137.01 KW= 102.17 MODE' 1 2 3 4 5 6 7 6 
PARTIC. WT, MG • 0.99 0.61 0.57 0.44 1.51 0.55 0.17 0.01 

Exh.Probe Mass Flow Rate (g/See.)= 1.067 0.868 0.682 0.441 0.859 0.671 0.567 0.137 
HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 180 180 180 120 120 120 120 180 

Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 
WTO AVG GMiH • 207.87 254.88 859.59 711 24173 937892 75899 105.31 Dil.Tunnel Tot Flow Temp.Corr. (semm)= 65.08 65.28 65.32 65.39 65.21 65.20 65.25 65.33 

Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5048.64 5064.47 5067.82 5072.82 5058.93 5058.49 5062.38 5068.34 
AVG GMlBHPH· 1.52 1.86 6.27 5.19 176.43 553.96 0.77 Partie.Mass Flow Rate (g/Hr.)= 25.55 19.77 23.53 42.18 74.11 34.55 12.65 2.06 

AVO GMlKWH. 2.03 2.49 8.41 6.96 238.60 742.87 1.03 GMIBHPH= 0.100 0.100 0.178 1.625 0.352 0.224 0.124 

WTD AVG GMiH = 26.984 

WT AVG N02lNOX RATIO' 0.162e9108 WEIGHTED AVG GMlBHPH' 0.197 

WTD AVG GMlKWH • 0.264 

App'OIIed _e..Mode Test Resutl Ver2 0812007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT 150-8178 8-Mode Testing of Viscon Polymer 

8MLP39 (MULTI-FILTER) 
wNiscon 

EngSpd DynTrq EngPwr e02 eo NO. NO HC FID FUEL RT AirMas EngE!<h ABSHUM Air In B8roP floCAL KNOx Fuelln KNO Methane NMHe Humldy OIlP 
Mode RPM 11>-" Hp % ppm ppm ppm ppm GWMIN .elm dogiF GR/LB dogF InHga FACTOR PPM degF PPM ppm ppm % p.lg 

1 2200.0 595.7 249.5 5.81 214.72 737.81 601.25 443.98 737.5 477.1 923.8 31.0 80.1 30.10 0.0273528 662.09 90.8 539.5 257.4 188.82 20.8 48.8 
2 2200.0 470.0 196.9 5.42 117.35 662.15 558.42 484.10 579.5 404.1 860.0 31.9 81.0 30.10 0.0255267 595.39 91.8 502.1 223.7 260.38 20.8 49.0 
3 2200.1 314.9 131.9 4.80 121.93 509.20 438.78 593.14 411.5 335.1 755.5 34.5 79.9 30.10 0.0227886 480.85 97.4 395.1 219.7 373.39 23.0 50.4 
4 2200.0 82.3 26.1 2.97 242.14 183.55 140.80 848.78 170.5 252.4 515.5 37.7 78.4 30.10 0.0145118 187.33 98.3 128.2 330.4 518.41 26.4 53.4 
5 1400.0 790.0 210.8 7.47 904.79 813.02 891.21 231.1 569.5 262.8 1048.3 39.3 77.5 30.10 0.0350455 743.91 95.9 832.5 198.1 33.03 28.3 38.8 
8 1400.0 577.7 154.0 7.23 826.67 603.55 700.81 348.74 412.25 211.3 973.2 39.1 77.9 30.10 0.0338996 734.87 97.4 840.9 309.7 39.03 27.8 39.2 
7 14000 362.2 101.9 6.•9 244.77 686.77 617.26 507.57 277.5 171.2 813.6 40.2 77.6 30.10 0.0304518 629.83 96.8 566.1 324.1 183.51 28.7 41.3 
8 573.9 0.0 0.0 4.05 346.51 325.72 271.47 1063.7 16.75 51.3 391.6 41.9 78.2 30.10 0.0196272 299.91 91.9 250.0 1019.4 44.28 29.5 17.7 

GRAMSIHOUR-­ -----­
WT. FAC Mode N02INOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 33894 327.54 165925 1345.417 44250 1669'65 139291.17 142.3 0.19 
15.00 2 309.87 150.99 125649 1059.487 34770 1403076 109474.47 167.3 0.16 
15.00 3 302.84 125.13 776.66 668.6548 24690 1113460 77447.62 191.5 0.14 
10.00 4 283.66 163.05 185.12 144.9663 10230 718974 31415.09 174.9 0.23 
10.00 5 104.91 825.51 1115.06 943.7639 34170 1014657 107151.86 15.0 0.15 

10.00 6 118.84 426.87 825.57 719.3891 24735 758460 77895.89 13.3 0.13 
10.00 7 129.81 125.83 531.93 479.7752 16650 586558 52397.61 47.2 0.10 
15.00 8 25.74 16.85 23.96 20.48572 1005 52518 3091.85 1.1 0.17 

W.F. 0.15 0.15 0.15 0.1 0.1 0.1 0.1 0.15 
WTDAVG BHP­ 138.01 KW­ 101.42 MODE­ 1 2 3 4 5 6 7 8 

PARTIe. WT, MG • 1.00 0.70 0.58 0.34 1.41 0.49 0.23 0.08 
Exh.Probe Ma.. Flow R81e (giSec.)­ 1.067 0.868 0.682 0.441 0.859 0.671 0.567 0.137 

He CO KNOX KNO FUEL EXHAUST CO2 NMHe Simple Time (Sec.)­ 180 180 180 120 120 120 120 180 
DU.Exh.Sample M.I~P8rt.FtltM (kg). 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 

WTDAVGGWH· 210.01 247.38 823.52 893 24288 941598 78262 100.37 OiI.Tunnet Tot Flow Temp.CorT. (scmm)· 65.06 65.32 65.35 65.36 65.18 65.23 65.24 65.34 
Dll.Tunnoi Tot 1.1 ... Flow (kgIHr.). 5047.19 5067.19 5069.71 5070.63 5056.95 5060.45 5061.65 5069.22 

AVG GM/BHPH ­ 1.54 1.82 8.05 5.09 178.58 580.71 0.74 Partlc.Mass Flow Rite (glHr.)· 25.80 22.70 23.95 32.58 69.17 30.80 17.11 16.45 

AVGOMIKWH • 2.07 2.44 8.12 8.83 239.45 751.92 0.99 GM/BHPH­ 0.103 0.115 0.182 1.247 0.326 0.200 0.168 

WTD AVG GM/H • 26.300 

WT AVO N02lNOX RATIO· 0.15667757 WEIGHTED AVG GM/BHPH ­ 0.208 

WTD AVG GM/KWH z 0.279 

Approved _8-Mode Telt Result Vo<.2 08/2007 



8-MOde Test Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT 150-8178 8·MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
DynTrq 

lbon 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP40 (MULTI-FILTER) 
wNiseon 

HC FID FUEL RT AirMas EngExh ABSHUM 
ppm GWMIN sclm degiF GR/LB 

Air In 
degF 

BaroP 
InHgl 

VoCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humidy 
% 

OilP 
psig 

2200.0 
2200.0 
2200.1 
21999 
1400.0 
1400.0 
1400.0 

574.9 

607.4 
470.0 
314.7 
62.0 

790.1 
577.7 
362.5 

1.3 

254.4 
'96.9 
132.0 
26.0 

210.6 
154.0 
102.0 

0.1 

5.84 
5.50 
4.96 
3.05 
7.72 
7.52 
6.58 
3.20 

225.46 
114.22 
120.36 
236.27 
912.56 
729.67 
253.90 
297.63 

760.02 
666.65 
544.16 
193.26 
849.15 
847.76 
720.411 
301.15 

602.46 
569.13 
456.95 
145.54 
704.87 
719.55 
631.20 
248.11 

410.37 
462.18 
599.99 
651.69 
204.16 
344.05 
466.79 
935.45 

743 
577.5 

409 
166 
573 

413.5 
279 

16.25 

476.6 
399.9 
327.9 
246.6 
258.8 
208.4 
167.5 
51.2 

931.6 
667.' 
761.6 
516.6 

1057.7 
985.1 
822.6 
366.8 

34.5 
35.2 
34.6 
36.3 
36.5 
37.3 
37.9 
43.2 

83.6 
85.4 
65.9 
66.1 
85.6 
66.4 
85.4 
84.6 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
3000 
30.00 

0.027 
0.026 
0.023 
0.015 
0.036 
0.035 
0.031 
0.016 

687.66 
624.11 
492.46 
175.61 
771.95 
772.16 
857.03 
278.17 

91.1 
92.9 
95.0 
96.5 
92.8 
94.6 
97.8 
93.3 

545.1 
515.6 
413.5 
132.2 
640.6 
655.4 
575.6 
229.2 

233.6 
211.1 
2'2.6 
332.4 
'61.4 
305.5 
308.4 
914.3 

176.6 
271.1 
387.4 
519.3 
22.8 
36.6 

178.4 
21.2 

20.4 
19.6 
18.9 
19.7 
20.2 
20.1 
21.1 
24.4 

54.1 
51.4 
52.1 
53.4 
37.1 
39.0 
41.3 
17.7 

WT. FAC 
% 

Mooe 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

312.11 
302.68 
295.11 
273.84 

90.35 

344.68 
144.11 
116.99 
'52.69 
811.77 

1727.12 '361.4565 
1293.63 1067.2833 

799.67 674.21368 
166.45 143.5034 

1128.13 931.79953 

44560 
34ll5O 
24540 
10080 
34380 

1674114 
'377611 
'074144 
69039' 
990654 

140393.25 
109126.03 
77004.'3 
30984.94 

107887.97 

135.0 
170.8 
'91.3 
168.7 

10.1 

0.21 
0.17 
0.16 
0.25 
0.17 

10.00 
10.00 
15.00 

6 
7 
8 

112.82 
123.53 
27.68 

481.08 

129.50 
17.70 

636.14 709.04162 
550.57 483.67072 
27.'8 23.026856 

241110 
16740 

975 

732737 
562391 
63670 

77670.46 

52698.21 
2986.70 

12.7 

45.5 
0.6 

0.15 
0.12 
0.18 

WTDAVGBHP· 

WTDAVGGWH' 

AVG GMIBHPH. 

136.77 

HC 

200.69 

1.47 

KW" 

CO KNOX 

251.32 847.30 

1.84 6.20 

101.99 

KNO 

696 

5.09 

FUEL 

24313 

177.76 

EXHAUST 

926068 

CO2 

76371 

558.39 

NMHC 

98.37 

0.72 

W.F. 
MODE = 

PARTIe. WT, MG -
EXh.Probe Mass Flow Rate (gISee.)= 

Sample Time (See.)= 
Dil.Exh.Sample Mass-Part.Filter (kg) = 

Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 
Dil.Tunnel Tot Mass Flow (kglHr.)= 

Partie. Mass Flow Rate (gIHr.)= 

0.15 
1 

0.96 
1.087 

180 
0.20 

65.12 
5051.82 

24.79 

0.15 
2 

0.62 
0.868 

180 
0.16 

65.32 
5067.49 

20.11 

0.15 
3 

0.56 
0.682 

180 
0.1228 

65.39 
5072.70 

23.14 

0.10 
4 

0.39 
0.441 

120 
0.05 

65.40 
5073.77 

37.39 

0.10 
5 

1.64 
0.859 

120 
0.10 

65.18 
5056.37 

80.45 

0.10 
6 

0.56 
0.671 

120 
0.08 

85.20 
5058.28 

35.18 

0.10 
7 

0.25 
0.587 

120 
0.07 

65.21 
5059.05 

18.59 

0.15 
8 

0.05 
0.137 

180 
0.02 

85.25 
5082.48 

10.26 

AVG GWK'NH. '.97 2.46 8.31 6.82 238.39 748.61 0.96 GMIBHPH­ 0.097 0.102 0.175 1.439 0.382 0.228 0.182 

WTD AVG GMiH = 28.906 

WT AVO N02lNOX RATIO' 0.17661669 WEIGHTED AVG GMIBHPH­ 0.211 

WTD AVG GMlKWH = 0.283 

8-Mode Test Result Ver.2 0812007 Approved _ 



~Mode Test Resufts 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngS,,", 

RPM 
DynTrq

I.,." 
EngPwr 

Hp 
CO2 ... CO 

ppm 
NOx 
ppm 

NO 
ppm 

8MLP41 (MULTI-FILTER) 
wNlscon 

HC FlO FUEL RT AirMas EngExh 
ppm GWMIN .dm doglF 

ABSHUM 
GRfLB 

Air In 
degF 

BaroP 
InHga 

".CAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Mf'fhanlt 
ppm 

NMHC 
ppm 

Humidity ... 
OIlP 
poJg 

2200.0 
2200.0 
22001 
2200.0 
1400.0 
1400.0 
1400.0 
579.0 

607.6 
470.0 
315.0 
621 

789.6 
576.0 
381.9 

'4 

254.6 
196.9 
132.0 
26.0 

210.~ 

154.1 
101.6 

0.2 

5.91 
5.49 
4.88 
2.92 
7.4~ 

7.22 
8.36 
3.98 

231.06 
116.52 
121.39 
238.92 
912.02 
713,13 
255.57 
297.89 

693.13 
8'36.88 
493.36 
165.81 
776.59 
758.04 
671.03 
252.93 

570.90 
542.49 
432.01 
129.00 
683.00 
891.31 
613.28 
198.08 

409.77 
485.29 
584.58 
829.31 
205.45 
321.89 
478.64 
941.31 

741 
575.5 
407.5 

167 
587.5 

413 
276.5 

16 

479.2 
401.2 
328.3 
249.3 
260.2 
208.9 
170.1 
52,3 

936.3 
867.4 
781.3 
514,4 

1054,4 

980.2 
814.8 
381.9 

48.1 
47.1 
46.8 
47.0 
46.7 
47.2 
48.0 
50.2 

82.2 
627 
826 
821 
81.4 
81.7 
81.5 
81.8 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.028 
0.026 
0.023 
0.014 
0.035 
0.034 
0.030 
0.019 

847.85 
593.88 
459.69 
154.55 
m.39 
716.25 
827.08 
237.62 

92.8 
93.7 
93.5 
921 
91,7 

92.5 
91.8 
90.2 

533.6 
505.9 
402.5 
120.2 
638.2 
644.7 
573,1 
186.1 

234,5 
213.2 
204.3 
314.8 
177.5 
278.3 
298.3 
915,1 

175.3 
272.1 
JlJO.3 
514,5 
27.9 
43.3 

180.4 
26.2 

29.8 
28.8 
28.4 
29.0 
29.5 
29.5 
30.2 
31.3 

54.. 
51.6 
51.9 
53.7 
37.8 
39.9 
41.8 
17.7 

wr FAC ... Moo< 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02INOX 
RATIO 

15.00 
15.00 
1~.00 

10.00 
10.00 

1 
2 
3 
4 
5 

30765 
304.26 
291.13 
276,91 

93.26 

348.70 
146.85 
121.51 
159.01 
632.16 

1606.21 
1n9.65 

758 00 
170.41 

10B4 38 

1315,0059 
1045.7178 
664.36165 

135.5431 
94Q,14714 

44460 
34530 
24450 
10020 
34050 

1656611 
1378246 

'088690 
717189 

1015489 

14001896 
108734.57 

76726.23 
30774.32 

106796.17 

132.1 
171.3 
190.2 
173.6 
12.7 

0.18 
0,15 
0,12 
0.22 
0,12 

10,00 

10.00 
15.00 

6 

7 
8 

1(}g.65 

124.35 
22.17 

488 59 

133.46 
1410 

806.20 

537.97 
18.48 

724.76773 

493.21993 
14.808985 

24780 

16590 
960 

760741 

575509 
51135 

77773.18 

5n11.88 
2963.97 

14.8 

47.1 
0.8 

0.10 

0.09 
0.22 

WTDAVG BHP" 

wroAVGGWH = 

AVG GMlBHPH = 

136.77 

HC 

199.20 

1.46 

KW= 

CO KNOX 

256.00 80145 

1.87 5.86 

101.99 

KNO 

68S 

6.02 

FUEL 

24204 

176.97 

EXHAUST 

933095 

CO2 

76022 

666.84 

NMHC 

98.95 

0.72 

W,F. 0.15 
MODE = 1 

PARTie. WT, MO • 1.07 
Exh,Probe Mau Flow Ratlt (~Sec,J= 1087 

Sampfe Time (Sec,)= 180 
oll.Exh.Sample Mau-Part,Fifter (kg) = 0.20 

011. Tunnel TO!: Flaw Temp.Carr. (.cmm):t 65.16 
011 Tunnel TO!: Mea. Flow (kgll-lr.)= 5055.21 

PartlC. Mass Flow Rate (gII-Ir.)= 27.645 

015 
2 

0.73 
0.868 

180 
0.16 

6528 
506457 
23.863 

0.15 
3 

0.65 
0.682 

180 
01228 
6542 

507499 
26.871 

0.10 
4 

0.49 
0.441 

120 
0.05 

6536 
5071 01 
46.954 

0.10 
5 

1.67 
0.859 

120 
0.10 

65.20 
505859 

81.954 

0.10 
6 

0.83 
0.671 

120 
0.08 

85.21 
505886 

39.581 

010 
7 

0.35 
0567 

120 
007 

65.22 
5060.07 

26.029 

0.15 
8 

0.08 
0.137 

180 
0.02 

65.29 
5065.15 

16.432 

AVG GWK\'VH = 1.95 2.51 7.86 5.73 237.32 745.40 0.97 GM/BHPH­ 0.109 0.120 0.204 1.805 0.389 0.257 0.258 

WTO AVG GMIH = 33.644 

wr AVG N02JNOX RATIO = 0.152715249 WEIGHTED AVG GMlBHPH­ 0.248 

WTO AVG GMIK'Mi = 0330 

Approved _~Modlt Tell Result Ver,2 0&'2007 



~MOde Tast Re'ultJ 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

Modo 
EngSpd 

RPM 
DynTrq 

11>-" 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NO. 
ppm 

NO 
ppm 

8MLP42 (MULT1-FILTER) 
wNiscon 

HC FlO FUEL RT AirMas EngExh ABSHUM 
ppm GMiMIN sclm dogiF GRiLB 

Air In 
dogF 

BaroP 
InHga 

VoCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humiety 
% 

OilP 
p.lg 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
'400.0 
1400.0 

561.5 

610.3 
469.7 
315.0 
61.9 

790.1 
577.9 
362.1 

1.5 

255.7 
196.7 
131.9 
26.0 

210.6 
'S..O 
101.6 

0.2 

5.75 
5.35 
4.79 
2.91 
7.43 
7.27 
6.49 
4.75 

211.29 
107.04 
116.47 
235.14 
695.13 
690.63 
249.05 
326.69 

723.57 
650.76 
496.97 
172.45 
765.19 
763.11 
663.93 
290.24 

594.72 
5S..14 
429.42 
126.46 
677.61 
666.26 
614.23 
223.25 

409.46 
475.06 
567.62 
612.83 
22'.74 
33'.51 
476.16 

1047.01 

742.5 
576 
413 

165.5 
569 

412.5 
275.5 
15.75 

466.6 
407.7 
332.7 
251.1 
262.9 
209.5 
170.0 
52.0 

925.1 
659.5 
752.2 
506.9 

1046.6 
974.7 
610.5 
377.9 

53.3 
52.7 
52.4 
52.6 
49.1 
46.0 
47.7 
49.4 

77.0 
76.0 
76.2 
77.6 
76.4 
79.1 
79.3 
79.8 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.025 
0.023 
0.014 
0.035 
0.034 
0.030 
0.023 

684.66 
615.13 
471.27 
162.97 
735.65 
731.66 
636.62 
272.11 

93.5 
97.6 
92.0 
91.9 
91.' 
92.6 
91.4 
90.3 

562.9 
523.6 
405.6 
121.4 
634.9 
841.2 
573.5 
209.3 

236.7 
212.6 
206.2 
320.8 
'66.3 
295.2 
317.1 
962.3 

172.7 
262.5 
361.4 
492.0 

35.4 
36.3 

159.1 
84.7 

38.6 
37.2 
36.7 
37.3 
34.2 
32.6 
32.2 
32.9 

S..5 
52.3 
52.5 
S.1 
36.1 
40.0 
42.1 
17.6 

WT.FAC 
% 

Modo 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

316.42 
306.13 
291.59 
270.01 
101.22 

326.16 
136.64 
122.33 
'57.00 
621.34 

1747.59 1426.206 
1306.97 1112.515 

799.45 690.21602 
176.76 136.10434 

1106.94 952.61513 

44550 
34560 
24760 
9930 

34140 

1703916 
14'5760 
1123010 
714005 

'021426 

140310.03 
106637.16 
77774.07 
30512.74 

107074.55 

134.0 
169.6 
166.4 
165.2 

16.2 

0.16 
0.15 
0.14 
0.25 
0.14 

10.00 
10.00 
15.00 

6 
7 
6 

112.16 

'2089 
20.40 

469.79 

127.09 
12.67 

617.41 715.55556 
535.40 462.31265 

17 .51 13.755073 

24750 
16530 

945 

75S.61 

563006 
42620 

77699.31 

52041.79 
2923.77 

12.3 
40.6 

1.7 

0.12 
0.10 
0.23 

WTDAVG BHP = 

WTD AVG GMiH • 

AVG GMlBHPH '" 

136.92 

HC 

200.61 

1.47 

KW= 

CO KNOX 

247.83 845.06 

1.81 6.17 

102.10 

KNO 

715 

5.22 

FUEL 

24260 

177.19 

EXHAUST 

946166 

CO2 

76210 

556.60 

NMHC 

97.22 

0.71 

W.F. 

MODE = 
PARTIe. WT, MG '" 

Exn.Probe Mess Flow Rate (g/Sec.)= 
Sample Time (See.)= 

Dil.Exn.Sample Mass-Part.Filter (kg) = 
Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 

Dil.Tunnel Tot Mass Flow (kg/Hr.)= 

Partie.Mass Flow Rate (glHr.)= 

0.15 
1 

0.95 
1.087 

180 
0.20 

65.06 
5049.03 

24.515 

0.15 
2 

0.57 
0.868 

180 
0.16 

65.32 
5067.14 

18.486 

0.15 
3 

0.52 
0.682 

180 
0.12 

65.32 
5067.73 

21.466 

0.10 
4 

0.41 
0.441 

120 
0.05 

65.34 
5069.02 

39.272 

0.10 
5 

1.68 
0.859 

120 
0.10 

65.21 
5058.80 

82.448 

0.10 
6 

0.55 
0.671 

120 
0.08 

85.22 
5059.85 

34.562 

0.10 
7 

0.25 
0.567 

120 
0.07 

65.23 
5060.89 

16.595 

0.15 
8 

0.05 
0.137 

160 
0.02 

65.33 
5068.66 

10.277 

AVG GWKVVH" 1.96 2.43 6.26 7.01 237.61 746.41 0.95 GM/BHPHz 0.096 0.094 0.163 1.513 0.391 0.224 0.183 

WTD AVG GMtH = 28.699 

WT AVG N02lNOX RATIO' 0.166268274 WEIGHTED AVG GM/BHPH z 0.210 

WTD AVG GM/KWH = 0.281 

~MOde Test Result Ver.2 0612007 Approved _ 



8-Mode Test Resuft' 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP43 (MULTI-FILTER) 
wNiscon 

EngSpd DynTrq EngPwr CO2 CO NO. NO HC FID FUEL RT AjrM., EngExh ABSHUM Air In e.m P ".CAl KNOx Fuelln KNO Meth.ne NMHC Humldy OIIP 
Mode RPM Ib-ft Hp % ppm ppm ppm ppm GWMIN scm d~F GRilB degF InHg. FACTOR PPM degF PPM ppm ppm % p,lg 

2200.0 594.1 248.9 5.73 196.11 703.75 575.50 460.29 725 484.3 910.2 56.2 718 30.00 0.027 870.88 92.8 548.8 238.3 224.0 49.1 50.2 
2200.0 470.0 196.9 5.38 108.70 822.13 527.93 475.42 573 414.7 849.2 57.2 72.7 30.00 0.025 594.80 94.5 504.8 208.8 288.9 48.1 49.8 
2200.0 315.0 132.0 4.78 121.11 479.29 404.02 573.80 405.5 338.0 748.3 56.3 72.4 30.00 0.023 457.11 95.3 385.3 204.8 388.8 47.9 50.9 
2200.0 82.0 25.9 2.89 233.85 171.17 125.13 818.82 185.5 256.8 507.1 56.8 72.0 30.00 0.014 183.45 95.5 119.5 318.3 498.3 48.9 54.4 
1400.0 790.1 210.8 7.35 880.13 781.02 859.80 208.93 564 288.0 1032.0 56.8 71.7 30.00 0.034 745.85 92.8 829.7 198.2 8.8 49.3 38.7 
1399.8 577.7 154.0 7.08 592.55 752." 846.28 349.81 409 215.7 959.8 56.3 72.1 30.00 0.033 717.53 93.7 818.3 291.3 58.3 48.3 40.4 
14000 381.8 101.8 8.24 233.91 834.53 558.87 482"'4 274.5 175.3 802.3 56.7 72.0 30.00 0.029 805.75 92.3 533.3 300.1 182.4 48.8 42.4 
5788 1.4 0.2 2.82 291.02 287.73 208.99 907.12 15.5 53.3 378.9 58.9 72.3 30.00 0.013 278.14 87.4 200.8 883.5 43.7 50.2 18.5 

--------GRAMSIHOUR-­ -----­
WT.FAC Mode N02lNOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 348.51 29848 1877.37 1385.4531 43500 1747465 138912.71 170.3 0.18 
15.00 2 303.82 137.08 1254.80 1082.8951 34380 1471788 108273.90 172.5 0.15 
15.00 3 289.83 123.01 782.73 845.17475 24330 1156901 78345.95 187.1 0.18 
10.00 4 273.29 157.31 180.83 134.98705 9930 753896 30501.90 188.8 0.27 
10.00 5 94.80 808.79 1125.72 946.18803 33840 1070818 108180.12 4.0 0.18 

10.00 8 120.95 412.04 819.70 703.47755 24540 807700 77093.75 20.3 0.14 
10.00 7 128.96 123.73 528.42 48501948 18470 810381 51838.89 48.2 0.12 
15.00 8 31.01 20.00 31.18 23.40723 930 78985 2831.28 1.5 0.27 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 

WTDAVG BHP'" 135.92 KW= 101.35 MOOE= 1 2 3 4 5 6 7 8 
PARTIe. WT, MG ­ 1.02 0.71 0.53 0.36 1.29 0.47 0.20 0.01 

Exh.Probe Mass Flow Rate (giSec.)= 1.087 0.868 0.682 0.441 0.859 0.671 0.567 0.137 
HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (Sec.)= 180 180 180 120 120 120 120 180 

OiLExh.Sample Mass-Pan.Filter (kg) = 0.20 0.16 0.12 0.05 0.10 0.08 0.07 0.02 
WTD AVG GMIH' 207.56 238.97 824.18 890 23949 992225 752'4 103,82 OiLTunnel Tot Flow Temp.Corr. (scmm)= 65.10 65.35 65.36 65.37 65.20 65.24 65.23 65.35 

OiLTunnel Tot Mass Flow (kg/Hr.)= 5050.6 5069.6 5070.6 5071.6 5057.9 5061.5 5060.7 5069.8 
AVG GMlBHPH­ 1.53 1.74 6.06 5.07 176.20 553.38 0.76 Panic.Mass Flow Rate (glHr.)= 26.329 23.038 21.892 34.501 63.297 29.544 14.876 2.056 

AVG GMlKM-I­ 2.05 2.34 8.13 8.80 238.29 742.09 1.02 GM/BHPH­ 0.106 0.117 0.166 1.330 0.301 0.192 0.146 

WTO AVG GMiH = 25.219 

WT AVG N02lNOX RATIO' 0.183157388 WEIGHTED AVG GM/BHPH ­ 0.188 

WTO AVG GM/KWH = 0.249 

Approved _8-Mode Test Resuft Ver.2 0812007 



8-Mode Test Results 

OLSON·ECOLOGIC ENGINE TESTING LASORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

Mode 
EngSpd 

RPM 
OynTrq 

11>-" 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

8MLP46 (MULTI-FILTER) 
W/10x VISCON 

HC FlO FUEL RT AirM81 EngExh ABSHUM 
ppm GMiMIN sclm dagiF GRiLB 

Air In 
d"'lF 

BaroP 
InHga 

UaCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humldy 
% 

OIiP 
p.ig 

2200.0 
2200.0 
2200.0 
2200.0 
1400.0 
1400.0 
1400.0 

580.8 

610.6 
489.9 
315.1 
82.1 

789.4 
577.8 
381.9 

1.6 

255.6 
196.8 
132.0 
26.0 

210.4 
154.0 
101.8 

0.2 

5.76 
5.35 
4.78 
2.81 
7.30 
7.06 
8.19 
3.60 

206.77 
103.77 
111.59 
229.26 
908.06 
821.09 
225.94 
237.24 

666.17 
812.39 
471.03 
152.71 
752.37 
745.18 
836.25 
276.80 

549.34 
512.46 
399.41 
118.75 
635.26 
643.41 
582.93 
217.96 

414.40 
469.11 
573.36 
827.89 
224.25 
336.73 
490.91 
1090.2 

741 
578 
406 
166 
!564 

409.5 
274.5 
15.75 

488.8 
408.8 
334.8 
254.2 
263.6 
212.1 
172.8 
52.9 

920.1 
858.3 
755.4 
514.3 

1044.8 
972.2 
811.7 
395.3 

61.4 
81.2 
83.2 
83.2 
62.2 
82.0 
82.3 
63.2 

74.5 
78.2 
78.8 
78.5 
75.9 
78.5 
76.6 
76.8 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

0.027 
0.025 
0.023 
0.014 
0.034 
0.033 
0.029 
0.018 

662.66 
591.20 
457.02 
148.18 
728.16 
720.66 
615.97 
268.57 

92.8 
98.2 
98.9 
98.7 
96.1 
97.5 
96.8 
90.3 

530.5 
494.7 
367.5 
115.2 
814.8 
822.4 
545.0 
211.5 

241.7 
214.1 
211.0 
334.7 
187.8 
297.1 
318.2 
997.3 

172.8 
255.0 
362.4 
493.0 

36.4 
39.8 

172.7 
92.9 

48.4 
45.8 
48.3 
48.8 
48.9 
45.9 
46.0 
46.3 

54.8 
51.8 
52.3 
53.8 
37.7 
39.2 
41.6 
18.0 

WT. FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

319.19 
302.01 
291.54 
284.54 
103.14 

320.13 
134.28 
114.05 
158.42 
839.51 

1685.49 
1258.66 
767.40 
166.20 

1105.96 

1341.6458 
1049.6945 
852.9657 

133.82301 
929.55528 

44460 
34580 
24360 
9960 

33640 

1700422 
1416160 
1112947 
739386 

1029917 

140027.42 
108857.03 
76450.13 
30580.14 

106064.89 

133.5 
164.6 
185.1 
171.4 

16.6 

0.20 
0.16 
0.15 
0.22 
0.16 

10.00 
10.00 
15.00 

6 
7 
8 

116.80 
130.09 
27.83 

432.30 

120.35 
12.17 

824.29 
539.04 
22.64 

710.99189 
478.57959 
16.354422 

24570 
16470 

945 

773274 

567333 
55420 

77171.14 

51832.31 
2901.40 

13.6 
46.0 

2.4 

0.14 

0.12 
0.21 

wro AVG BHP" 

WTDAVGGWH­

AVG GMlBHPH .. 

136.95 

HC 

204.52 

1.49 

KW" 

CO KNOX 

242.15 823.61 

1.77 6.01 

102.12 

KNO 

685 

5.00 

FUEL 

24133 

176.22 

EXHAUST 

955733 

CO2 

75800 

553.50 

NMHC 

97.68 

0.71 

W.F. 

MODE· 
PARTIC. WT, MO' 

EXh.Probe Mass Flow Rate (WSec.). 
Sample Time (Sec.)· 

Dil.Exh.Sample Mass-Pan.Fifter (kg) • 
DII.Tunnm Tot Flow Temp.Carr. (ICmm). 

D~. Tunnm Tot Mass Flow (kWHr.)· 

Partic.Mass Flow Rate (g/Hr.)= 

0.15 

1 
1.03 
1.09 
180 

0.20 
65.08 

5048.64 

26.576 

0.15 

2 
0.74 
0.87 
180 

0.16 
65.27 

5063.39 

23.962 

0.15 

3 
0.58 

0.6620 
160 

0.1228 
65.33 

5068.55 

23.947 

0.10 

4 
0.45 
0.44 
120 

0.05 
65.34 

5068.62 

43.102 

0.10 

5 
1.60 
0.66 
120 

0.10 
85.21 

5059.23 

76.529 

0.10 

6 
0.66 
0.87 
120 

0.06 
65.22 

5059.70 

41.473 

0.10 

7 
0.27 
0.57 
120 

0.07 
65.24 

5061.06 

20.064 

0.15 

8 
0.09 
0.14 
180 

0.02 
65.28 

5064.61 

16.464 

AVO GMIK'vVH - 2.00 2.37 8.06 6.70 236.31 742.25 0.96 GM/BHPH= 0.104 0.122 0.161 1.656 0.373 0.269 0.197 

WTD AVG GM/H = 32.267 

WT AVG N02lNOX RATIO. 0.172065804 WEIGHTED AVG GM/BHPH • 0.238 

WTD AVG GM/KWH = 0.316 

8-Mode Test Resuft Ver.2 0812007 Approved _ 



8-Mode Test Resuhs 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8-MODE TESTING OF VISeON POLYMER 

8MLP47 (MULTI-FILTER) 
W/1 Ox VISeON 

EngSpd DynTrq EngPwr CO2 CO NO. NO HC FlO FUEL RT AirMts EngExh ABSHUM /iJrln StroP UaCAL KNOx Fuelln KNO Me1htne NMHC Humid'; OilP 
Mode RPM Il>-ft Hp % ppm ppm ppm ppm GM/MIN sclm degiF GRILB degF InHga FACTOR PPM degF PPM ppm ppm % p.lg 

1 2200.1 811.8 256.3 5.88 203.98 892.53 564.28 410.91 739.5 489.7 919.1 61.8 75.1 30.00 0.027 889.23 94.2 545.30043 225.8 185.07 47.8 54.3 
2 2200.0 469.6 198.8 5.29 103.56 619.97 526.51 456.83 573 409.1 853.1 59.5 76.2 30.00 0.025 598.00 98.6 506.15576 196.0 258.88 44.5 51.4 
3 2200.0 314.6 131.9 4.70 11292 472.26 404.11 552.16 406.5 334.4 748.2 60.0 76.6 30.00 0.022 454.51 98.4 388.92635 194.1 358.10 44.2 52.3 
4 2200.0 62.0 26.0 2.64 226.57 183.15 118.88 798.99 164.5 252.4 510.1 56.2 75.5 30.00 0.014 156.33 97.5 113.90988 306.3 490.69 44.5 54.0 
5 1399.9 790.1 210.6 7.29 898.80 767.62 646.51 214.04 5B6 263.5 1043.7 59.7 74.8 30.00 0.034 738.18 95.0 623.64022 169.63 24.41 46.7 37.8 
8 1400.0 576.9 154.3 7.06 632.55 735.88 655.25 335.51 410.5 213.6 986.4 57.4 74.4 30.00 0.033 703.51 93.6 626.59944 262.0 53.47 45.8 38.2 
7 1399.9 382.1 101.6 6.19 225.37 642.77 566.57 459.16 275.5 173.8 803.7 56.7 74.1 3000 0.029 813.52 92.9 540.77898 267.6 171.33 45.4 40.5 
8 567.4 1.7 0.2 278 223.05 248.78 165.93 905.21 16 53.8 383.5 58.0 74.2 30.00 0.014 238.23 69.6 176.04195 881.69 43.32 48.3 18.5 

GRAMSIHOUR-­ -----­
WT. FAC Mode N02lNOX 

~. No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 320.09 319.36 1721.46 1394.7148 44370 1718595 139739.27 144.7 0.19 
15.00 2 296.06 134.90 '275.51 1080.8801 34380 1424497 10830'.80 166.4 0.15 
15.00 3 284.82 117.06 774.22 884.53038 24390 1127926 78582.11 185.5 0.14 
10.00 4 269.05 153.74 174.27 129.7882 9670 725772 30329.89 167.4 0.27 
10.00 5 98.95 833.36 1126.97 947.59939 33980 1034828 106489.77 11.3 0.16 

10.00 8 116.35 440.92 805.64 716.81111 24830 773987 77349.40 18.8 0.11 

10.00 7 122.23 120.59 539.31 478.78852 '8530 589512 52047.79 45.8 0.12 
15.00 8 30.25 14.98 26.29 20.27187 980 71915 2937.07 1.5 0.25 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0,10 0.15 
WTDAVG BHP" 137.03 KW" 102.18 MODE = 1 2 3 4 5 6 7 8 

PARTIe. WT, MG " 0.92 0.77 0.68 0.49 1.50 0.69 0.23 0.07 
Exh.Probe Mass Flow Rate (g/Sec.)= 1.087 0.868 0.682 0.441 0.859 0,671 0.567 0.137 

HC CO KNOX KNO FUEL ExHAUST CO2 NMHC Semple Time (See.)= 180 180 180 120 120 120 120 180 
Dil.Exh.Sample Mess-Pert.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 

WTOAVG GMIH. 200,34 242.81 834.25 701 24114 983828 75753 99,33 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.08 65.34 65.36 65.37 85.19 65.22 65.23 65.33 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5049.10 5069.02 5070.58 5071.52 5057.57 5060.00 5060.39 5068.18 

AVG GMlBHPH .. 1.46 1.77 6.09 5.12 175.98 552.82 0.72 Pertie.Mess Flow Rete (g/HL)= 23.741 24.982 28.087 46.958 73.597 43.361 17.106 14.387 

AVGGWKWH • 1.98 2.38 8.16 6.88 235.99 741.34 0,97 GM/BHPH= 0.093 0.127 0.213 1.809 0.349 0.281 0.168 

WTD AVG GM/H = 31.782 

WT AVG N02lNOX RATIO' 0.175372224 WEIGHTED AVG GM/BHPH .. 0.232 

WTD AVG GM/KWH = 0.311 

Approved _a..MOde Test Resun Ver.2 0&7007 



B-Mode Test Resulu 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP48 (MULTI-FILTER) 
W/10x VISCON 

EngSpd OynTrq EngPwr CO2 CO NOx NO HC FlO FUEL RT AirMas EngExh ABSHUM Air In Ba",P fisCAL KNOx Fuelln KNO Methane NMHC Humldy OIiP 
Mode RPM lbon Hp '" ppm ppm ppm ppm GWMIN ""'m dagiF GRilB dagF InHga FACTOR PPM degF PPM ppm ppm '" polg 

2200.0 609.9 255.5 5.63 202.26 666.61 559.63 407.52 739.5 494.2 912.5 59.7 70.7 30.00 0.027 660.53 93.2 538.2 224.0 183.5 53.8 53.0 
2200.0 469.8 196.8 5.27 103.23 617.99 524.83 455.37 571 413.9 843.6 56.7 71.7 30.00 0.025 589.86 91.5 500.9 197.3 258.0 49.3 50.4 
2200.0 314.7 131.9 4.76 114.4' 478.51 409.46 559.47 406.5 336.6 739.7 58.2 72.2 30.00 0.023 458.46 93.3 392.3 198.6 382.8 49.8 51.0 
2200.0 61.9 25.9 2.92 232.93 167.73 122.22 819.37 166 254.2 502.7 58.8 72.0 30.00 0.014 160.94 91.6 117.3 314.9 504.5 50.5 54.5 
1400.' 790.0 210.6 7.34 902.65 772.84 852.75 215.44 563 265.1 1031.8 57.7 71.5 30.00 0.034 739.47 92.8 624.7 190.9 24.8 50.6 36.6 
1400.1 577.7 154.1 7.03 629.49 732.11 852.07 333.88 410 212.1 981.1 56.4 71.6 30.00 0.033 698.35 94.2 622.0 280.7 53.2 49.3 38.3 
1400.0 381.6 1017 6.19 225.39 642.85 566.63 459.22 275.5 173.6 801.3 56.2 71.8 30.00 0.029 612.84 94.0 540.2 287.9 171.4 48.8 40.5 

584.5 1.7 0.2 2.91 232.94 259.60 194.17 945.33 '5.75 ·53.4 380.0 58.2 72.3 30.00 0.014 248.90 91.5 166.0 900.1 45.2 49.6 18.2 

----·--GRAMSIHOUR-- --- ­
WT. FAC Mode N02JNOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 320.09 319.38 1713.22 1387.8754 44370 1731718 139739.27 144.7 0.19 
15.00 2 295.03 134.43 1261.98 1069.4197 34260 1423284 107923.78 167.8 0.15 
15.00 3 284.82 117.08 nO.76 661.63126 24390 1113534 76562.11 185.5 0.14 
10.00 4 271.50 155.14 176.10 131.14381 9980 712942 30606.45 168.9 0.27 
10.00 5 98.43 828.95 1115.65 938.16982 33780 1022605 105925.36 11.3 0.16 

10.00 6 116.21 44039 602.84 714.1266 24800 776454 77255.18 18.6 0.11 
10.00 7 122.23 120.59 538.65 478 '8757 '6530 589408 52047.79 45.8 0.12 
15.00 8 29.78 14.75 25.89 19.985221 945 87863 2891.'8 1.5 0.25 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
MODE = 1 2 3 4 5 6 7 8 

WTDAVG BHP= 136.88 KW" 102.07 PARTIC. WT, MG - 1.01 0.74 0.54 0.36 1.50 0.72 0.30 0.12 
Exh.Probe Mass Flow Rate (g/Sec.)= 1.09 0.87 0.86 0.44 0.86 0.67 0.57 0.14 

Sample Time (See.)= 180 180 180 120 120 120 120 180 
HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.12 0.05 0.10 0.08 0.07 0.02 

Dil.Tunnei Tot Flow Temp.Corr. (scmm)= 85.04 85.24 85.38 65.37 85.22 85.25 65.25 85.37 
WTOAVGGWH' 200.29 242.35 829.08 697 24082 980601 75651 99.38 Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5048.05 5081.70 5070.70 5071.14 5059.78 5081.78 5062.22 5071.58 

Partie.Mass Flow Rate (g/Hr.)= 28.05 23.97 22.3051 34.50 73.83 45.26 22.32 24.88 
AVG GM/BHPH· 1.46 1.77 6.06 5.09 175.93 552.67 0.73 

GM/BHPH- 0.102 0.122 0.189 1.331 0.350 0.294 0.219 
AVGGWKWH'	 1.96 2.37 8.12 6.83 235.92 741.14 0.97 

WTD AVG GM/H = 32.12 

WEIGHTED AVG GM/BHPH - 0.235 
WT AVG N02JNOX RATIO' 0.175372224 

WTD AVG GM/KWH = 0.315 

Approved _B-Mode Tesl ReslJll	 Vef.2 0812007 



8-Mode .Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8·MODE TESTING OF VISCON POLYMER 

8MLP49 (MULTI-FILTER) 

EngSpd DynTrq EngPwr CO2 CO NO. NO HC FID FUEL RT AirMas EngExh ABSHUM Air In BIro? I/.CAL KNOx Fuelln KNO Methane NMHC Humidy OIIP 
Mode RPM 11>-" Hp % ppm ppm ppm ppm GWMIN sclm dogiF GRILB dogF InHge FACTOR PPM d.gF PPM ppm ppm % pslg 

2200.0 811.3 2561 5.89 182.24 893.46 589.50 4'0.00 744.5 498.3 908.2 54.4 88.7 30.00 0.027 858.23 93.4 540.57 212.8 197.2 52.5 55.1 
2200.0 489.9 198.8 5.33 98.5' 812.57 519.79 452.88 578.5 415.1 840.0 58.9 70.5 30.00 0.025 585.09 97.5 498.47 183.4 289.4 51.6 52.1 
2200.0 315.0 131.9 4.75 107.93 471.80 399.33 552.81 410 338.7 739.7 57.3 71.2 30.00 0.023 451.09 98.1 381.81 188.9 383.7 50.7 52.8 
2200.1 82.0 28.0 2.91 224.23 188.09 121.80 799.85 170 255.4 505.3 57.1 71.3 30.00 0.014 180.62 96.2 116.39 300.1 499.5 50.4 54.7 
1400.0 789.6 210.5 7.36 674.84 780.84 683.13 211.41 584.5 286.5 1027.4 57.3 70.9 30.00 0.035 746.57 93.1 634.03 202.4 9.• 51.2 38.4 
1399.9 576.0 154.' 7.14 590.51 738.93 681.49 342.37 409 214.5 957.9 58.0 71.6 30.00 0.033 702.33 95.0 830.42 273.3 69.0 49.0 40.3 
1400.0 382.' 101.6 8.40 221.12 679.58 595.42 469.39 276 172.7 601.9 56.0 71.6 30.00 0.030 850.63 93.7 570.23 288.2 163.2 50.3 42.6 
5881 1.6 0.2 6.05 127.42 773.9' 433.29 581.36 16.75 53.0 341.2 eo.l 72.2 30.00 0.026 744.98 90.9 417.09 421.6 139.7 51.4 19.0 

-------GRAMSIHOUR-­ -----­
WT.FAC Mode N02lNOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 
15.00 

•
2 

320.83 
293.43 

288.85 
128.31 

1700.93 
125'.89 

1386.7995 
1059.8388 

44670 
34590 

1724954 
1424129 

140743.38 
'08989.0' 

154.9 
175.2 

0.16 
0.15 

15.00 3 284.57 111.72 767.09 651.20011 24600 1128106 77239.85 188.0 0.15 
10.00 4 272.49 153.59 180.74 133.75881 10200 732954 3'389.82 171.9 0.28 
10.00 5 98.64 603.79 112889 952.52013 33870 1022965 106257.07 4.• 0.15 

10.00 8 117.15 406.15 793.80 711.89839 24540 784025 77114.98 23.7 0.10 
10.00 7 121.11 114.88 554.54 467.32259 18580 572557 52158.09 47.5 0.12 
15.00 8 9.30 4.24 40.75 23.02276 .005 38657 3183.38 2.3 0.44 

W.F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTD AVG BHP" 136.99 KW= 102.16 MODE = 1 2 3 4 5 6 7 6 

PARTIe. WT. MG _ 0.63 0.75 0.46 0.37 1.46 0.53 0.19 0.11 
Exh.Probe Ma.. Flow Rate (g/See.)= 1.09 0.87 0.68 0.44 0.86 0.87 0.57 0.14 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 180 180 180 120 120 120 120 180 
Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.1228 0.05 0.10 0.08 0.07 0.02 

WTOAVGGWH­ '98.98 227.48 829.88 897 24247 958029 78210 '02.79 Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.04 65.32 65.32 65.34 65.19 65.23 65.23 65.32 
Dil.Tunnel TOI Mass Flow (kg/Hr.)= 5045.76 5067.78 5067.81 5069.31 5057.05 5060.65 5060.61 5067.85 

AVG GMlBHPH· 1.44 1.66 6.06 5.09 176.99 556.30 0.75 Partie.Mass Flow Rate (g/Hr.)= 21.40 24.33 19.82 35.44 72.61 33.31 14.13 22.61 

AVG GMIK't'VH­ 1.93 2.23 8.12 8.82 237.35 746.01 1.0' GM/BHPH­ 0.084 0.124 0.150 1.364 0.345 0.216 0.139 

WTD AVG GM/H _ 28.772 

WT AVG N02lNOX RATIO' 0.203824788 WEIGHTED AVG GM/BHPH .. 0.210 

WTD AVG GM/KWH = 0.282 

8-1.1008 Test Result Ver.2 0812007 Approved _ 



8-Mode Test Resulls 

OLSON·ECOLOGIC ENGINE TESTING LABORATORY 
GTAT ISO-8178 8·MODE TESTING OF VISCON POLYMER 

8MLP50 (MULTI-FILTER) 

Mode 
EngSpd 

RPM 
OynTrq 

Il>-ft 
EngPwr 

Hp 
CO2 

% 
CO 
ppm 

NOx 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AlIMa. 
sc!m 

EngExh 
doglF 

ABSHUM 
GRiLB 

Air In 
degF 

BaroP 
InHga 

YaCAL 
FACTOR 

KNOx 
PPM 

Fuelln 
dogF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humldy 
% 

OIiP 
psi; 

2200.0 
2200.0 
2200.0 
2200.0 
1399.9 
1400.0 
1400.0 
567.6 

604.0 
469.8 
314.8 
62.1 

789.6 
577.9 
382.0 

1.0 

253.0 
'96.8 
131.8 
26.0 

2'0.5 
154.' 
10'.8 

0.1 

5.78 
5.35 
4.79 
2.97 
7.43 
7.'5 
6.36 
3.55 

'96.94 
'01.70 
114.09 
222.'4 
902.43 
612.88 
216.00 
233.99 

694.88 
608.35 
488.26 
172.33 
780.49 
735.33 
64'.24 
300.09 

572.07 
5'2.20 
394.0' 
124.77 
641.15 
628.75 
557.18 
213.51 

431.53 
467.35 
571.5' 
824.28 
235.94 
340.85 
441.93 

1033.52 

734.5 
574.5 

407 
167.5 
568.5 
410.5 

276 
'6 

489.7 
"1".2 
337.6 
254.7 
268.0 
216.4 
174.4 
51.3 

916.7 
848.0 
748.1 
509.3 

'035.4 
957.0 
800.7 
382.7 

66.4 
60.6 
63.6 
65.0 
62.5 
64.7 
64.9 
62.1 

73.4 
74.1 
74.7 
74.8 
74.2 
746 
75.' 
75.6 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.027 
0.025 
0.023 
0.015 
0.035 
0.034 
0.030 
0.017 

679.71 
584.50 
454.74 
'67.95 
736.47 
718.24 
824.88 
290.33 

93.4 559.57747 
96.1 493.73734 
96.3 382.83554 
96.8 '21.80066 
93.6 620.90079 
94.4 612.4'848 
95.2 542.92494 
66.7 208.56721 

263.4 
221.4 
222.3 
348.' 
195.2 
305.1 
312.7 
882.9 

'68.1 
248.0 
349.2 
478.2 

40.7 
35.5 

129.2 
170.8 

54.8 
48.9 
50.2 
51.2 
50.3 
51.4 
50.8 
47.7 

51.8 
51.2 
52.2 
54.0 
38.8 
40.4 
42.8 
'8.3 

WT.FAC 
% 

Mode 
No HC CO 

GRAMSIHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

328.21 
300.17 
289.61 
271.25 
107.22 

301.09 
131.30 
116.21 
146.94 
824.33 

1707.18 1398.1787 
1239.70 '045.'359 

760.96 642.47587 
162.52 135.02508 

1105.21 927.70829 

44070 
34470 
24420 
l00SO 
33990 

1880546 
'41273' 
,,09471 
708981 

'018765 

138787.28 
108560.98 
78843.88 
30906.63 

108573.39 

128.4 
158.6 
117.8 
156.5 
18.5 

0.'8 
0.18 
0.16 
0.26 
0.16 

10.00 
10.00 
15.00 

6 
7 
8 

116.71 
114.78 
27.'9 

422.05 
112.76 
12.37 

810.32 692.197'4 
535.92 466.8578 
25.22 18.456617 

24630 
16560 

960 

765969 
576695 

57216 

17377.92 
52179.11 
2950.84 

12.2 
33.7 
4.6 

0.14 
0.13 
0.29 

WTDAVG BHP" 

WTOAVG GM/H­

AVG GMlBHPH­

138.49 

HC 

202.77 

1.49 

KW­

CO KNOX 

234.75 823.35 

1.72 8.03 

101.78 

KNO 

888 

5.04 

FUEL 

24111 

178.84 

EXHAUST 

948038 

CO2 

75748 

554.95 

NMHC 

92.7' 

0.68 

W.F. 0.15 
MODEs 1 

PARTIe. WT, MG • 0.96 
Exh.Probe Ma" Flow Rate (g/Sec.)= 1.09 

Sample Time (See.)= 180 
DII.Exh.Sample Mess-Part.Filler (kg) = 0.20 

Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 65.14 
Dil.Tunnel Tot Mass Flow (kg/Hr.)s 5048.84 

Partie. Mass Flow Rate (g/Hr.)= 31.481 

0.15 
2 

0.71 
0.87 
180 

0.18 
85.33 

5063.39 
35.973 

0.15 
3 

0.82 
0.8820 

180 
0.1228 

85.37 
5088.55 

30.553 

0.10 
4 

0.45 
0.44 
120 

0.05 
65.37 

5068.82 
80.458 

0.10 
5 

1.53 
0.88 
120 

0.10 
85.20 

5059.23 
72.149 

0.10 
6 

0.82 
0.87 
120 

0.08 
85.23 

5059.70 
38.448 

0.10 
7 

0.26 
0.57 
120 

0.07 
85.23 

5081.06 
23.803 

0.15 
8 

0.11 
0.14 
180 

0.02 
65.38 

5064.61 
20.538 

AVG GMn<WH. 1.99 2.3' 8.09 6.76 236.88 744.21 0.91 GM/BHPH= 0.124 0.183 0.232 3.098 0.343 0.237 0.234 

WTD AVG GM/H = 39.087 

WT AVG N02lNOX RATIO ­ 0.'67763995 WEIGHTED AVG GM/BHPH • 0.289 

WTD AVG GM/KWH = 0.384 

Approved _8-Mode Te51 Resutl Ver.2 0812007 



8-Mode Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP51 (MULTI-FILTER) 

Mode 
EngSpd 

RPM 
C»<nTrq 

It>-ft 
EngPwr 

Hp 
CO2 

'" 
CO 
ppm 

NO. 
ppm 

NO 
ppm 

HC FlO 
ppm 

FUEL RT 
GM/MIN 

AlrM.s 
sctm 

EngE<h 
d~F 

ABSHUM 
GR/LB 

AIr In 
degF 

8arn P 
InHga 

".CAL 
FACTOR 

KNO. 
f'f'III 

Fuelln 
degF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humid\' 

'" 
OIIP 
pslg 

2200.0 
2200.0 
2200.0 
2200.0 
1400.1 
1399.9 
1400.0 
576.3 

601.4 
470.0 
314.4 

62.1 
769.1 
578.3 
382.3 

1.2 

251.9 
196.9 
131.7 
26.0 

210.4 
154.1 
101.9 

0.1 

5.61 
5.27 
4.71 
2.83 
7.35 
7.08 
6.29 
3.07 

169.00 
104.41 
114.20 
225.99 
911.38 
626.44 
225.08 
267.56 

679.15 
622.06 
476.n 
175.24 
731.41 
742.21 
635.64 
334.14 

539.90 
509.48 
391.61 
125.14 
629.62 
620.91 
545.26 
247.38 

418.00 
457.53 
562.61 
805.65 
241.34 
339.9<1 
456.98 

1147.15 

725 
576.5 

406 
167 

566.5 
411.5 

276 
16 

489.4 
413.4 
337.8 
254.9 
266.7 
214.0 
173.6 
52.3 

908.7 
651.6 
746.0 
509.0 

1038.4 
963.0 
802.2 
365.3 

63.5 
64.6 
63.9 
63.5 
63.1 
83.6 
63.2 
64.0 

74.5 
76.1 
76.4 
76.4 
76.2 
76.8 
77.0 
77.4 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.026 
0.025 
0.022 
0.014 
0.034 
0.033 
0.030 
0.015 

659.44 
605.75 
483.41 
170.17 
709.50 
720.80 
616.92 
324.87 

95.4 
97.8 
98.4 
96.7 
95.9 
96.3 
96.1 
91.2 

524.24 
496.10 
380.64 
121.52 
610.76 
803.00 
529.06 
240.51 

246.9 
220.8 
224.2 
346.4 
200.6 
311.7 
319.7 
982.9 

189.1 
238.7 
336.6 
457.2 
40.6 
28.2 

137.3 
164.3 

50.8 
46.7 
47.7 
47.4 
47.4 
46.8 
46.2 
46.3 

52.9 
50.5 
51.5 
54.1 
38.4 
40. I 
42.8 
18.6 

WT.FAC 
~. 

Mode 
No HC CO 

GRAMSiHOUR-­

KNOX KNO 

-----­
FUEL EXHAUST CO2 NMHC 

N02lNOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

1 
2 
3 
4 
5 

323.43 
299.26 
289.43 
277.64 
110.80 

293.94 
137.27 
118.05 
156.65 
641.02 

1664.9<1 1332.2618 
1306.38 1069.1714 
786.96 648.52335 
193.78 141.48758 

1075.65 921.935n 

43500 
34590 
24380 
10020 
33990 

1706412 
1436496 
1125152 
741836 

1028610 

138999.00 
108956.51 
76450.55 
30n5.08 

106535.86 

131.4 
155.5 
1750 
159.6 

18.8 

0.21 
0.18 
0.18 
0.29 
0.14 

10.00 
10.00 
15.00 

6 
7 
8 

117.92 
119.93 
34.59 

438.81 
116.73 

16.22 

825.71 690.07195 
534.64 459.80621 

32.35 24.621474 

24890 
16560 

960 

774978 
582225 
65333 

77541.90 
52153.47 
2921.45 

9.8 
38.2 

5.1 

0.16 
0.14 
0.26 

WTDAVG BHP= 

WTOAVG GWH­

AVG GM/BHPH" 

136.33 

HC 

204.65 

1.50 

KW= 

CO KNOX 

240.14 834.87 

1.76 6.12 

101.66 

KNO 

683 

5.01 

FUEL 

24038 

176.32 

EXHAUST 

963074 

CO2 

75500 

553.80 

NMHC 

92.48 

0.68 

w'F. 
MODE = 

PARTIe. WT, MG .. 
Exh.Probe Mass Flow Rate (g/See.)= 

Sample Time (See.)= 
Dil.Exh.Sample Mass-Part.Filler (kg) = 

Dil.Tunnel Tot Flow Temp.Corr. (scmm)= 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 

Partie.Mass Flow Rate (g/Hr.)= 

0.15 
1 

1.06 
1.09 
180 

0.20 
65.04 

5045.73 
27.34 

0.15 
2 

0.85 
0.87 
180 

0.16 
65.24 

5061.35 
27.54 

0.15 
3 

0.75 
0.6820 

180 
0.1228 

65.39 
5072.67 

30.99 

0.10 
4 

0.55 
0.44 
120 

0.05 
65.37 

5071.56 
52.71 

0.10 
5 

1.68 
0.86 
120 

0.10 
65.17 

5055.83 
82.40 

0.10 
6 

0.75 
0.67 
120 

0.08 
65.22 

5060.13 
47.13 

0.10 
7 

0.31 
0.57 
120 

0.07 
65.21 

5059.29 
23.05 

0.15 
8 

0.15 
0.14 
180 

0.02 
65.34 

5069.18 
30.83 

AVGGWKWH' 2.01 2.36 8.21 6.71 238.45 742.86 0.91 GM/BHPH­ 0.106 0.140 0.235 2.029 0.392 0.306 0.226 

WTD AVG GM/H = 38.034 

WT AVO N02lNOX RATIO' 0.196737998 WEIGHTED AVG GM/BHPH .. 0.279 

WTD AVG GM/KWH = 0.374 

8-Mode Tesl Result VOf.2 0812007 Approved _ 



8-Mode Tesl Results 

OLSON-ECOLOGIC ENGINE TESTING LASORATORY 
GTAT 150-8178 8-MODE TESTING OF VISCON POLYMER 

8MLP52 (MULTI-FILTER) 

EngSpd DynTrq EngPwr CO2 CO NOx NO HC FID FUEL RT AirMas EngExh ABSHUM Air In BaroP flaCAL KNOx Fuelln KNO Methane NMHC Humldy OIlP 
Mode RPM II>-ft Hp % ppm ppm ppm ppm GlNMIN scfm deg/F GRilB degF InHga FACTOR PPM degF PPM ppm ppm % psig 

2200.0 590.0 2<7.2 5.6<1 186.42 843.1' 537.92 423.07 720 479.4 905.7 84.2 77.7 30.20 0.027 825.81 99.4 523.27 259.5 '83.8 45.9 53.8 
2200.0 489.8 19E1.8 5.37 109.45 573.52 507.17 461.02 578 409.3 857.2 84.2 78.8 30.20 0.025 557.91 101.8 493.37 233.5 227.5 44.3 51.3 
2200.0 3'5.3 132.' 4.87 129.'4 444.01 396.87 572.82 409 333.3 754.9 84.9 79.9 30.20 0.023 432.80 102.2 368.88 240.2 332.6 43.1 5'.9 
2200.0 82.0 26.0 3.02 244.49 155.37 '24.79 828.89 187 252.7 512.8 84.' 79.9 30.20 0.0'5 151.10 102.' '21.36 361.5 487.2 42.7 53.4 
1400.0 789.0 210.3 7.55 914.79 706.34 836.93 239.95 567.5 264.8 1045.4 83.8 79.5 30.20 0.035 887.92 99.2 818.57 183.B 56.1 42.8 36.1 
1400.0 577.7 154.0 7.34 868.85 700.70 840.72 326.97 413 212.3 972.8 83.7 80.1 30.20 0.034 860.83 99.8 822.38 316.6 8.1 42.0 39.8 
1400.0 382.2 10'.9 8.54 234.50 804.31 563.78 467.79 275.5 170.4 809.2 83.5 80.4 30.20 0.031 586.82 100.5 547.44 333.8 134.1 41.8 42.1 
574.8 1.2 0.1 3.9E1 291.8' 266.59 236.86 948.53 15.5 50.5 387.7 84.0 80.8 30.20 0.019 261.10 95.2 230.09 948.5 0.0 41.5 18.3 

-------GRAMSIHOUR-­ ----­
WT. FAC Mode N02lNOX 

% No HC CO KNOX KNO FUEL EXHAUST CO2 NMHC RATIO 

15.00 1 323.26 286.3' '578.52 '313.4707 43200 1885740 136056.48 125.8 0.18 
'5.00 2 295.69 '41.'0 1181.6<1 '042.7405 34560 1411710 106866.26 148.5 0.12 
'5.00 3 286.80 '29.87 7'4.74 840.99105 24540 '096429 77013.94 167.2 0.11 
10.00 4 26726 '58.5' 160.94 132.0557 '0020 695"6 30605.49 152.5 0.20 
10.00 5 '07.48 823.68 '017.60 911.11791 34050 '005615 106784.58 25.2 0.10 

10.00 8 '09.78 451.17 754.50 689.1264' 24780 751660 77831.83 2.7 0.09 
'0.00 7 117.88 118.76 488.24 456.60625 '6530 5802'5 5206<1.45 34.0 0.07 
'5.00 8 21.74 '3.46 '9.81 17.860163 930 499'4 2870.84 0 0'2 

w'F. 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.15 
WTD AVG BHp· 135.64 KW= 101.15 MODE = 1 2 3 4 5 6 7 6 

PARTIe. WT, MG E 1.04 0.71 0.71 0.56 1.72 0.72 0.60 0.11 
Exh.Probe Mass Flow Rate (g/Sec.)= 1.09 0.67 0.6620 0.44 0.66 0.67 0.57 0.14 

HC CO KNOX KNO FUEL EXHAUST CO2 NMHC Sample Time (See.)= 160 160 160 120 120 120 120 160 
Dil.Exh.Sample Mass-Part.Filter (kg) = 0.20 0.16 0.12 0.05 0.10 0.08 0.07 0.02 

WTD AVG GlNH • 199.33 240.82 786.34 871 24023 937830 75468 87.34 Dil.Tunnel Tal Flow Temp.Corr. (scmm)= 65.07 65.23 65.35 65.34 65.23 65.21 65.25 65.35 
Dil.Tunnel Tot Mass Flow (kg/Hr.)= 5046.02 5060.38 5069.91 5069.41 5060.63 5056.61 5062.34 5089.51 

AVG GMlBHPH" 1.47 1.78 5.65 4.95 177.10 556.37 0.64 Partie.Mass Flow Rate (g/Hr.)= 26.63 23.00 29.32 55.56 64.44 45.23 44.64 22.61 

AVGGWKVVt-t • '.97 2.38 7.58 6.84 237.50 746.'0 0.86 GMIBHPH­ 0.109 0.117 0.222 2.136 0.402 0.294 0.436 

WTD AVG GM/H = 38.252 

WT AVG N02lNOX RATIO' 0.1206B039E1 WEIGHTED AVG GMIBHPH­ 0.282 

WTD AVG GM/KWH = 0.376 

Approved _8-Mode Test Result Vor.2 0812007 



8--MOde Test Results 

OLSON-ECOLOGIC ENGINE TESTING LABORATORY 
GTAT 150·8178 8·MODE TESTING OF VISCON POLYMER 

8MLP53 (MULTI-FILTER) 

Moo. 
EngSpd 

RPM 
DynTrq 

II>-' 

Eng_ 
Hp 

CO2 

'" 
CO 
ppm 

NO' 
ppm 

NO 
ppm 

HC FlO 
ppm 

FuEL RT 
GMiMIN 

AlrMas 
.cfm 

EngExh 
degiF 

ASSHUM 
GRlle 

Air In 
dogF 

SaroP 
InHga 

WoCAL 
FACTOR 

KNOx 
PPM 

Fueltn 
dogF 

KNO 
PPM 

Methane 
ppm 

NMHC 
ppm 

Humldy 

'" 
OilP 
p',g 

nHlnC 
RATIO 

2200.0 
2200.0 
2200.1 
2200.0 
1400.0 
1400.0 
1400.1 
569.3 

598.1 
469.9 
314.6 
62.0 

788.5 
578.0 
362.1 

1.2 

250.6 
196.8 
131.8 
:le.0 

210.2 
154.1 
101.9 

0.1 

~.71 

5.36 
4.62 
2.92 
7.41 
7.15 
6.36 
3.17 

206.90 
113.12 
119.44 
227.00 
910.86 
661.36 
233.06 
304.73 

664.74 
611.36 
478.~ 

177.40 
781.73 
761.36 
661.18 
368.19 

538.36 
512.42 
400.73 
131.79 
837.99 
648.33 
579.43 
262.60 

405.81 
489.03 • 
572.66 
831.10 
227.06 
328.07 
472.10 

1100.47 

7" 
578.5 

407 
166 
568 

4'2 
278.5 
15.25 

479.4 
408.9 
331.7 
253.2 
200.3 
213.4 
173.3 
51.4 

922.7 
864.• 
759.7 
516.3 

1050.6 
974.7 
811.2 
387.0 

64.5 
81.9 
81.8 
59.3 
59.8 
59.2 
59.5 
61.1 

80.4 
81.9 
81.7 
81.0 
79.5 
79.0 
78.8 
78.5 

30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 
30.20 

0.027 
0.025 
0.023 
0.014 
0.035 
0.034 
0.030 
0.Q18 

647.00 
591.17 
462.66 
170.43 
732.89 
731.36 
635.53 
355.31 

100.4 
103.0 
103.3 
103.4 
101.1 
101.9 
101.3 

96.3 

524.00 
495.49 
387.42 
126.82 
813.87 
622.78 
556.96 
253.42 

246.5 
226.3 
224.4 
337.9 
177.4 
303.9 
320.9 
923.6 

159.3 
242.7 
348.2 
493.2 
49.7 
24.2 

151.2 
176.9 

42.2 
36.6 
36.7 
36.1 
40.3 
40.8 
41.3 
42.5 

53.4 
51.1 
51.7 
53.2 
37.3 
39.5 
41.6 
18.0 

1. 
1.• 
1.6 
1.6 
1.• ,.. 
1.• ,.. 

WT. FAC 

'" 
...­

No HC CO 

GRAMSIHOUR-­

KNOX KNO 

------
FuEL exHAUST CO2 NMHC 

N02INOX 
RATIO 

15.00 
15.00 
15.00 
10.00 
10.00 

10.00 

10.00 
15.00 

, 
2 
3 
4 
5 

6 

7 
6 

312.19 
301.59 
288.50 
275.85 
103.89 

112.75 
122.83 
30.68 

319.95 
148.20 
120.95 
151.45 
8316.13 

456.89 
121.89 

17.08 

1643.89 1323.6835 
1255.28 1050.0132 

789.71 648.71566 
186.80 141.8949 

1104.95 921.27801 

830.04 705.99786 
546.02 479.98817 

32.71 24.121784 

44040 
34710 
24420 

9960 
"060 

24720 
16590 

915 

1696405 
1414955 
,,03004 
714145 

1023388 

767334 

577230 
60455 

138712.7:2 
109317.13 

788'39.9;2 
3IY.598.53 

106652.51 

n622.18 
517J4.85 

2789.18 

123.1 
156.7 
176.3 
165.5 
22.7 

6.4 
39.5 
5.1 

0.19 
0.16 
0.16 
0.26 
0.18 

0.15 

0.'2 
0.29 

WTDAVG BHP" 

WTO AVG GMiH .= 

AVG GMlBHPH. 

138.11 

HC 

201.46 

1.48 

KW= 

CO KNOX 

247.26 82199 

1.82 6.04 

101.60 

KNO 

662 

6.01 

FuEL 

24148 

177.42 

EXHAUST 

949782 

CO2 

76650 

667.28 

NMHC 

9278 

0.68 

WF. 

MODE = 
PARTie. WT, MG ­

Exh.Probe Mass Flow Rate (glSee.)= 
Sample Time (See.)= 

Oil.Exh.Sample Mass-Part.Filter (kg) = 
Oil.Tunnel Tot Flow Temp.Corr. (scmm)= 

Oil.Tunnel Tot Mass Flow (kglHr.)= 

Partie. Mass Flow Rate (glHr.)= 

0.15 

1 
108 
1.09 
180 

020 
65.04 

5045.83 

27.85 

0.15 

2 
0.83 
0.87 
180 

0.16 
6529 

5064.86 

2691 

0.15 

3 
0.62 
0.68 
180 

0.12 
65.38 

5072.26 

25.62 

0.10 

4 
0.56 
0.44 
120 

0.05 
65.35 

507010 

53.65 

0.10 

5 
1.72 
0.86 
120 

0.10 
65.20 

5058.18 

84.40 

0.10 

6 
0.76 
0.67 
120 

0.08 
6525 

5061.98 

47.78 

0.10 

7 
0.35 
057 
120 

0.07 
65.22 

505960 

2603 

0.15 

8 
015 
0.14 
leo 

0.02 
6532 

5067.37 

3082 

AVG GMlK'NH :: '9. 2.44 .,0 6.7:2 237.92 747.32 091 GMlBHPH­ 0.111 0137 0.194 2.067 0.402 0.310 0255 

WTO AVG GMIH = 37.866 

WT AVG N02JNOX RATIO.= 0.189363726 WEIGHTED AVG GM/BHPH ­ 0.278 

WTOAVG GMIKWH = 0.373 

8--Mode Test Result Ver.2 0812007 ApprOlled _ 
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1.0	 Scope and Application 

1.1	 This exhaust gas sampling protocol is specifically designed for sampling dilute exhaust generated from 
heavy-duty diesel engines being operated over the EPA transient cycle or steady state emission test as 
described in 40 CFR Part 86. 

1.2	 For transient cycle operation, this official testing protocol involves continual sample integration of all 
gaseous emissions along with pertinent engine and ambient variables for 1200 seconds (20 minutes). For 
eight-mode steady state operation, this official testing protocol involves modal sample collection for a 
total of 20 minutes. Modes I, 2, 3 and 8 are collected for 3 minutes of the 5 minute mode, while modes 4, 
5, 6 and 7 are collected for 2 minutes. 

1.3	 The constant volume sampling system (CVS) continually dilutes the exhaust gas with finely filtered room 
air to maintain a constant volume of exhaust gas plus dilute air over the test interval. Coincidentally a 
second bag is being filled continuously with the same air used to dilute the exhaust gas. Therefore at the 
end of each test there are bag samples of the proportional and integrated dilute exhaust and the filtered air 
that was used to dilute the exhaust. 

2.0	 Method Summary 

2.1	 Samples analyzed for Volatile Organic Compounds (VOC's) are collected from the integrated bag 
samples that have been continuously filled during the test cycle. One bag is filled with dilution air, while 
the other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to the 
constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. For every 
emission sample and tunnel blank sampled, a dilution air sample must be co-sampled for background 
correction. Tedlar bag samples are analyzed by gas chromatography (GC). 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in I L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

4.4	 To prevent sample contamination, Tedlar bags are used only once. 



5.1 
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5.0	 Interferences and Potential Problems 

To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat. 
Tedlar bags must be shielded from direct sunlight to avoid photochemically induced reactions of any 
reactive hydrocarbons. 

5.1.1	 The compound 1,3-butadiene, resulting mostly during cold-start testing by the combustion of 
olefins, is extremely unstable as it easily polymerizes in the presence of oxygen. Therefore all 
samples analyzed for 1,3-butadiene must be run within 1 hour of collection. 

6.0	 Equipment/Apparatus 

6.1	 Tedlar bags: SKC, Inc., 1 L in capacity, or equivalent 

6.2	 Super Syringe: Fisher Scientific, 1 L 

6.3	 Teflon diaphragm vacuum-pressure pump: Bamant Co., or equivalent 

6.4	 Sampling Train Schematic 
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7.0	 Procedure 

7.1	 Sample collection 

7.1.1	 After the analysis of the bag samples collected from the emission test, a T-connected valve is 
turned enabling the sample to flow through the Teflon diaphragm pump to the Tedlar bag. 

7.1.2	 A dilution air sample is collected first by setting the CVS to "read bag 1 or 2". Before connecting 
the Tedlar bag to the pump, the pump should be run for about 30 seconds to flush any 
contaminants from previous samples. The Tedlar bag is then attached to the pump and powered 
on to collect the sample. 

7.1.3	 A tunnel blank or dilute exhaust sample is collected next by setting the CVS to "read bag 4 or 5". 
Before connecting the Tedlar bag to the pump, the pump should be run for about 30 seconds to 
flush any contaminants from previous samples. The Tedlar bag is then attached to the pump and 
powered on to collect the sample. 

7.1.4	 The dilution and work is noted for each dilute exhaust sample taken for final calculations. 

7.1.5	 The Tedlar bag samples are quickly taken into the laboratory and shaded from direct light for 
analysis by Gc. 

8.0	 Quality Control/Quality Assurance 

8.1	 Dilution Air Sample 

8.1.1	 A dilution air sample is collected for every emission sample and tunnel blank to correct for 
background levels in the ambient dilution air. 

8.2	 Tunnel Blank Sample 

8.2.1	 A tunnel blank sample is collected each analysis day to note any hydrocarbon contamination that 
may be in the tunnel. 

8.3	 Duplicate Sample 

8.3.1 A duplicate emission sample is collected each analysis day for quality purposes. 

8.4	 Data Comparisons 

8.4.1	 The VOC sampling protocol provides the same gas sample used in the official calculation of 
results from the emission test. The hydrocarbon (HC) data can be compared to the GC data. 

8.4.2	 The primary bag gas data are printed out on every test report automatically along with other 
engine operating data. The dilution ratio and work for the entire test is also printed out on each 
report from the precise CVS flow data. Accordingly, there is generally no need to dilute the 
Tedlar bag samples before GC analysis. 
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8.5	 Leak Checks 

8.5.1	 Sampling Train 

8.5.1.1 To leak check any part of the sampling train, the suspected leak area should be isolated 
and pressurized or put under vacuum. A gauge may then be used to check if a leak exists. 

8.5.2	 Tedlar Bags 

8.5.2.1 Tedlar bags	 may be leak checked by fiIling the bag and leaving it under pressure 
overnight. If the bag deflates, it should not be used for sample collection. 

8.6	 Flow Rates 

8.6.1	 The flow rate into the CVS bags is controlled by the Horiba CVS with needle valves. The flow 
rate over the 20 minute transient test cycle is 5 Llmin, while the flow rate over the 40 minute 
steady state test cycle is 2.5 Llmin. 
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1.0 Scope and Application 

This SOP is based on CARB Method 1002 and describes the use of gas chromatography (GC) coupled 
with flame ionization detection (FlO) for the determination of Cz-Cs hydrocarbons (light-end 
hydrocarbons) in the ppbC range from automotive source samples. The compounds listed below may be 
determined by this method: 

Compound CAS Registry No. 

ethene 00074-85-1 
ethyne 00074-86-2 
ethane 00074-84-0 
propene 00115-07-1 
propane 00074-98-6 
1,2-propadiene 00463-49-0 
1-propyne 00074-99-7 
2-methylpropane 00075-28-5 
2-methvlpropene (isobutene) 00115-11-7 
1-butene 00106-98-9 
1,3-butadiene 00106-99-0 
n-butane 00106-97-8 
trans-2-butene . 00624-64-6 
2,2-dimethvlpropane 00463-82-1 
1-butyne 00107-00-6 
cis-2-butene 00590-18-1 
3-methvl-1-butene 00563-45-1 
2-methylbutane 00078-78-4 
2-butyne 00503-17-3 
1-pentene 00109-67-1 
2-methyl-1-butene 00563-46-2 
n-pentane 00109-66-0 
2-methv/-1,3-butadiene 00078-79-5 
trans-2-pentene 00646-04-8 
3,3-dimethyl-1-butene 00558-37-2 
cis-2-pentene 00627-20-3 
1-buten-3-vne 00689-97-4 
2-methyl-2-butene 00513-35-9 
1,3-cyclopentadiene 00542-92-7 
2,2-dimethvlbutane 00075-83-2 
cyclopentene 00142-29-0 
4-methVI-1-pentene 00691-37-2 
3-methYI-1-pentene 00760-20-3 
cvclopentane 00287-92-3 
2, 3-dimethyIbutane 00079-29-8 
1-methyl-tert-butyl-ether 01634-04-4 
4-methyl-cis-2-pentene 00691-38-3 
2-methvloentane 00107-83-5 
4-methyl-trans-2-pentene 00674-76-0 
3-methvloentane 00096-14-0 
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2-methyl-1-pentene 00763-29-1 
1-hexene 00592-41-6 
n-hexane 00110-54-3 

1.2	 This method is restricted to use by, or under the supervision of, analysts experienced in the use of gas 
chromatographs. Analysts should also be skilled in the interpretation of gas chromatograms. Each analyst 
must demonstrate the ability to generate acceptable results with this method. 

2.0	 Method Summary 

2.1	 This method provides GC/FID conditions for the detection of the target analytes. Exhaust samples are 
introduced to the GC from Tedlar bags by means of gas sampling valves. Separation of the sample 
hydrocarbons takes place in a 50 m 0.32 mm ID PLOT fused silica column. Quantitative analysis is 
performed by the FlO using an external standard approach. The computerized GC data acquisition system 
identifies the hydrocarbons and concentrations are determined by peak area response factors. 

2.2	 Prior to the use of this method, appropriate sample collection techniques must be used. 

2.2.1	 Samples are collected from the exhaust in Tedlar bags. Dilutions may apply and must be 
accounted for in final calculations. 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in 1 L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

5.0	 Interferences and Potential Problems 
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5.1	 To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat.
 
Tedlar bags must be shielded from direct sunlight to avoid photochemically induced reactions of any
 
reactive hydrocarbons.
 

5.1.1	 The compound 1,3-butadiene, resulting mostly during cold-start testing by the combustion of
 
olefins, is extremely unstable as it easily polymerizes in the presence of oxygen. Therefore all
 
samples analyzed for I,3-butadiene must be run within I hour of collection.
 

5.2	 Any component present in the sample with a retention time very similar to that of a target hydrocarbon
 
would interfere or coelute. If separation cannot be achieved, confinnation of identification should be done
 
using a different column for separation, or an alternate detector, e.g., mass spectrometer (MS),
 
photoionization detector (PIO), etc.
 

6.0	 Equipment/Apparatus
 

6.1	 GC/FIO
 

6.1.1	 Gas Chromatograph (GC) - Varian CP-3800 with programmable oven temperatures, 10 mL fixed
 
volume injection loop for automated transfer of gaseous samples from the Tedlar bag to the GC,
 
and analytical column interfaced with a flame ionization detector (FlO).
 

6.1.1.1	 GC Column - Varian CP 7515 PLOT fused silica, 50 m x 0.32 mm 10, or equivalent.
 

6.1.2	 Data System - Dell-PC computer with Varian Star software capable of continuous acquisition
 
and storage of all data obtained throughout the duration of the chromatographic program.
 

6.2	 Nitrogen, compressed and liquid. Minimum purity of99.998 %.
 

6.3	 Helium, compressed. Minimum purity of99.995 %.
 

6.4	 Hydrogen, compressed. Minimum purity of99.995 %.
 

6.5	 Air, compressed. "Zero" grade «I ppmC total hydrocarbon contamination), or better.
 

6.6	 Tedlar bags: SKC, Inc., 5 to 10 L in capacity, or equivalent.
 

6.7	 Super Syringe: Fisher Scientific, I L.
 

7.0	 Reagents
 

7.1	 NIST-certified SRM or secondary NlST-traceable standards shall be used in all tests. A secondary
 
standard is obtained by a comparison between a SRM and a candidate standard.
 

7.2	 Calibration Standard
 

7.2.1	 The quantitative calibration standard for all target hydrocarbons is propane.
 
LehnerlMartin, Inc. Propane Std. in zero air - 2955 ppbC, or equivalent
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7.3	 Control Standard 

7.3.1	 Quality control standard, containing at least ethane, propane, n-butane, 2-methylpropene and 1,3­
butadiene at concentrations between 200 and 3000 ppbC based on a propane standard. This 
standard is used as a daily update of control charts and a daily determination of marker retention 
time windows. 

Scott-Marrin, Inc. 23 Component custom blend in nitrogen, or equivalent 

7.4	 A high concentration standard (higher than the calibration standard), containing the target hydrocarbons 
listed in Section 7.3.1, is used for linearity determinations. The high concentration standard must have 
concentrations verified against a NIST-traceable propane standard. 

7.5	 A low concentration standard (5 to 10 times the estimated MOL), containing the target hydrocarbons 
listed in Section 7.3.1, is used for MOL determinations. The low concentration standard must have 
concentrations verified against a NIST-traceable propane standard. 

7.5.1 In lieu of a low concentration standard, a higher concentration standard may be diluted. 

8.0	 Procedure 

8.1	 Sample collection 

8.1.1	 Specific sample collection procedures can be found in the VOC Sampling Protocol. 

8.1.2	 In general, samples are collected from the integrated bag samples that have been continuously 
filled during the 1200 second transient test cycle. One bag is filled with dilution air, while the 
other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to 
the constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. 

8.2	 GC chromatographic conditions: 

Injection volume: 10 mL fixed loop 
Injector temperature: -180 C (hold 7.10 min) to 250 C (hold 61.25 min) @ 200 C/min 
Helium carrier flow: 3 mLimin 
Nitrogen aux. flow: 27 mLimin 
Hydrogen flow: 30 mLimin 
Air flow: 300 mLimin 
Column temperature: oC (hold 10 min) to 200 C (hold 20 min) @ 5 C/min 
Detector temperature: 250 C 

8.3	 Samples in Tedlar bags are connected to one of sixteen ports on the autosampler and the analytical 
process then begins. 

8.4	 The sample is introduced into the carrier gas stream through the injection valve. 

8.5	 Each separated analyte exits the column into the FlO where a response is generated. 

8.6	 Hydrocarbon concentrations are calculated in parts per billion of carbon (ppbC) by Varian's Star software 
from the NIST-traceable propane calibration standard. 
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8.7	 Analytes with concentrations higher than demonstrated in the instruments range of linearity must be 
diluted and rerun. 

8.8	 Peak identification and integration are checked and corrected if necessary by the analyst. 

8.9	 Target compounds that coelute are reported as the major component. 

8.10	 The PLOT fused silica analytical column is heated to 200 C to prevent carry over and assure all 
compounds are eluted before the next run. 

9.0	 Calculations 

9.1	 The target hydrocarbon concentrations, in ppbC, are calculated by the data system using propane as an 
external standard. 

Concentration sample (PpbC) =Peak Areasamp1e x Response Factor 

where the response factor (RF) is calculated during daily calibration by: 

RF = Concentration of propane standard (PpbC) 
area of propane peak . 

10.0	 Quality ControUQuality Assurance 

10.1	 Instrument Blank Run 

10.1.1	 An instrument blank of pure nitrogen is run each analysis day. All target hydrocarbon 
concentrations from the blank analysis must be below the method detection limit (MOL) before 
the analysis may proceed. 

10.1.1.1	 If the blank shows a peak greater than the MOL in the region of interest, the 
source of contamination must be investigated and remedied. 

10.2	 Calibration Run 

10.2.1	 The calibration standard is analyzed each analysis day to generate the response factor used to 
quantify the sample concentrations. 

10.3	 Control Standard Run 

10.3.1	 The quality control standard is analyzed at least once each analysis day. Measurements of all 
compounds specified in Section 7.3.1 must fall within the control limits to ensure the validity of 
the sample analyses that day. To meet this requirement, it may be necessary to inspect and repair 
the GC, and rerun the calibration and/or control standards. 
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10.4	 Control Charts 

10.4.1	 A quality control chart is maintained for each component of the control standard listed in Section 
7.3.1, and is perfonned for new instruments, after making instrument modifications that can affect 
recovery, and at least once every year. The control charts, used on a daily basis, establish that the 
method is "in control." The following describes how to construct a typical control chart: 

I.	 Obtain at least 20 daily control standard results; 
2.	 Calculate the control standard mean concentration and standard deviation for the target 

hydrocarbon; and 
3.	 Create a control chart for the target hydrocarbon by placing the concentration on the Y­

axis and the date on the X-axis. Establish upper and lower warning limits at either two 
standard deviations (2s) or 5 percent, whichever is greater, above and below the average 
concentration. 

4.	 A control standard measurement is considered to be out-of-control when the analyzed 
value exceeds the control limit or two successive control standard measurements of the 
same analyte exceed the warning limit. 

5.	 If 20 control standard measurements are not yet available to create a control chart (e.g., 
the control standard was expended and replaced prior to obtaining 20 points with the new 
standard), measurements must be within 15% relative standard deviation (RSD) of the 
certified concentration. If the control standard is not a NIST standard, the cylinder should 
be certified by the laboratory against a NIST standard. 

The measured concentrations of all target hydrocarbons contained in the control standard must be 
within the control limits (in control) for the sample results to be considered acceptable. 

10.5	 Duplicates 

10.5.1	 A duplicate analysis of one sample is perfonned at least once per analysis day. The relative 
percent difference (RPD) is calculated for each duplicate run: 

RPD (%) = Difference between duplicate and original measurement x 100 
Average of duplicate and original measurement 

For each compound specified in Section 7.3.1, the allowable RPD depends on the average 
concentration level for the duplicate runs, as shown in the following table: 

Average Measurement for the Duplicate Runs Allowable RPD (%) 
I to 10 times MOL 100 
10 to20" 30 
20 to 50 20 
Greater than 50" IS 

If the results of the duplicate analyses do not meet these criteria for all compounds specified in 
Section 7.3.1, the sample may be reanalyzed. If reanalysis is not feasible or if the criteria are still 
not met on reanalysis, all sample results for that analysis day are invalid. 

10.6	 Linearity 
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10.6.1	 A multipoint calibration to confirm instrument linearity is performed for the target hydrocarbons 
in the control standard for new instruments, after making instrument modifications that can affect 
linearity, and at least once every year. The multipoint calibration consists of at least five 
concentration or mass loading levels (using smaller or larger volume sample sizes of existing 
standards is acceptable), each above the MOL, distributed over the range of expected sample 
concentration. A linear regression analysis is performed using concentration and average area 
counts to determine the regression correlation coefficient (r). The r must be greater than 0.995 to 
be considered sufficiently linear for one-point calibrations. 

10.7	 MOL 

10.7.1	 The MOL for the target hydrocarbons in the control standard must be determined for new 
instruments, after making instrument modifications that can affect linearity and/or sensitivity, and 
at least once every year. To make the calculations, it is necessary to run at least seven replicate 
determinations at a concentration of 5 to 10 times the estimated MOL. The MOL is calculated 
using the following equation: 

MOL= t xs 

where s is the standard deviation of the replicates and t is the t-factor for 99 percent confidence 
for a one-sided normal (Gaussian) distribution. The number of degrees of freedom is equal to the 
number of replicates, minus one. An abbreviated t-table is: 

Degrees of Freedom t-value 
4	 3.7 
5	 3.4 
6	 3.1 
7	 3.0 

10.7.1.1	 The maximum allowable MOL for each compound is I ppbC. The calculated 
laboratory MOL must be equal to or lower than the maximum allowable MOL. 
All peaks identified as target compounds that are equal to or exceed the 
maximum allowable MOL must be reported. If the calculated laboratory MOL is 
less than the maximum allowable MOL, the laboratory may choose to set its 
reporting limit at the maximum allowable MOL, the calculated laboratory MOL, 
or any level in between. 

10.7.1.2	 For the purpose of calculating the total mass of all species, the concentrations of 
all compounds below the MOL are considered to be zero. 

10.8	 Method 100211003 Crossover Check 

10.8.1	 A crossover check is analyzed at least once each analysis day, and is performed by choosing a 
compound from a sample to be measured and compared by both Method 1002 and 1003. The 
crossover compound shall be a compound that can reasonably be expected to be found and 
measured by both methods in the laboratory performing the analysis. The maximum relative 
percent difference (RPO) allowed from the results obtained by the two methods is 15%. 
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11.0 References 

11.1 California Environmental Protection Agency, Air Resources Board, Method 1002, Revision IV, July 2002 
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1.0 Scope and Application 

This SOP is based on CARB Method 1003 and describes the use of gas chromatography (GC) coupled 
with flame ionization detection (FlO) for the determination of C6-C 12 hydrocarbons (mid-range 
hydrocarbons) in the ppbC range from automotive source samples. The compounds listed below may be 
determined by this method: 

Compound CAS Registry No. 

n-hexane 00110-54-3 
trans-3-hexene 13269-52-8 
cis-3-hexene 07642-09-3 
trans-2-hexene 04050-45-7 
3-methyl-trans-2-pentene 00616-12-6 
2-methYI-2-pentene 00625-27-4 
3-methvlcvclopentene 01120-62-3 
cis-2-hexene 07688-21-3 
1-ethyl-tert-butyl-ether 00637-92-3 
3-methvl-cis-2-pentene 00922-62-3 
2,2-dimethvlpentane 00590-35-2 
methylcyclopentane 00096-37-7 
2,4-dimethvlpentane 00108-08-7 
2,2,3-trimethvlbutane 00464-06-2 
3,4-dimethyl-1-pentene 07385-78-6 
1-methvlcvclopentene 00693-89-0 
benzene 00071-43-2 
3-methvl-1-hexene 03404-61-3 
3,3-dimethvlpentane 00562-49-2 
cyclohexane 00110-82-7 
2-methylhexane 00591-76-4 
2,3-dimethvlpentane 00565-59-3 
cvclohexene 00110-83-8 
3-methylhexane 00589-34-4 
trans-1,3-dimethvlcvclopentane 01759-58-6 
cis-1,3-dimethvlcvclopentane 02532-58-3 
3-ethylpentane 00617-78-7 
trans-1,2-dimethvlcvclopentane 00822-50-4 
1-heptene 00592-76-7 
2,2,4-trimethvlpentane 00540-84-1 
trans-3-heptene 14686-14-7 
n-heptane 00142-82-5 
2-methvl-2-hexene 02738-19-4 
3-methyl-trans-3-hexene 03899-36-3 
trans-2-heptene 14686-13-6 
3-ethvl-2-pentene 00816-79-5 
2,4,4-trimethyl-1-pentene 00107-39-1 
2,3-dimethVI-2-pentene 10574-37-5 
cis-2-heptene 06443-92-1 
methylcyclohexane 00108-87-2 
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2,2-dimethvlhexane 00590-73-8 
2,4,4-trimethy1-2-pentene 00107~0~ 

ethylcyclopentane 01640-89-7 
2,5-dimethvlhexane 00592-13-2 
2,4-dimethylhexane 00589~3-5 

1,2,4-trimethylcyclopentane 02815-58-9 
3,3-dimethylhexane 00563-16-6 
2,3,4-trimethylpentane 00565-75-3 
2,3,3-trimethvlpentane 00560-21~ 

toluene 00108-88-3 
2,3-dimethylhexane 00584-94-1 
2-methvlheptane 00592-27-8 
4-methvlheptane 00589-53-7 
3-methylheptane 00589-81-1 
(1 a,2a,3b)-1 ,2,3-trimethylcyclopentane 15890~0-1 

cis-1,3-dimethylcyclohexane 00638-04-0 
trans-1,4-dimethvlcvclohexane 02207-04-7 
2,2,5-trimethylhexane 03522-94-9 
trans-1-methyl-3-ethylcvclopentane 02613-65-2 
cis-1-methyl-3-ethylcyclooentane 16747-50-5 
1-octene 00111-66-0 
trans~-octene 14850-23-8 
n-octane 00111-65-9 
trans-2-octene 13389~2-9 

trans-1,3-dimethylcyclohexane 02207-03-6 
cis-2-octene 07642-04-8 
2,3,5-trimethylhexane 01069-53-0 
2,4-dimethylheptane 02213-23-2 
cis-1,2-dimethylcyclohexane 02207-01~ 

2,6-dimethvlheptane 01072-05-5 
ethvlcvclohexane 01678-91-7 
3,5-dimethylheptane 00926-82-9 
ethvlbenzene 00100~1~ 

2,3-dimethvlheptane 03074-71-3 
m-&p-xylene 00108-38-3 
4-methyloctane 02216-34~ 

2-methyloctane 03221-61-2 
3-methyloctane 02216-33-3 
styrene (ethenvlbenzene) 00100~2-5 

o-xylene 00095~7-6 

1-nonene 00124-11-8 
n-nonane 00111-84-2 
(1-methylethyl)benzene 00098-82-8 
2,2-dimethvloctane 15869-87-1 
2,4-dimethvloctane 04032-94~ 

2,6-dimethyloctane 02051-30-1 
n-propylbenzene 00103-65-1 
1-methvl-3-ethvlbenzene 00620-14~ 

1-methyl~-ethylbenzene 00622-96-8 
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1,3,5-trimethvlbenzene 00108-67-8 
1-methvl-2-ethvlbenzene 00611-14-3 
1.2,4-trimethvlbenzene 00095-63-6 
n-decane 00124-18-5 
(2-methylpropyl)benzene 00538-93-2 
(1-methylpropyl)benzene 00135-98-8 
1-methvl-3-(1-methvlethvl)benzene 00535-77-3 
1,2.3-trimethvlbenzene 00526-73-8 
1-methyl-4-(1-methylethyl)benzene 00099-87-6 
2.3-dihvdroindene (indan) 00496-11-7 
1-methvl-2-(1-methvlethvl)benzene 00527-84-4 
1.3-diethylbenzene 00141-93-5 
1,4-diethvlbenzene 00105-05-5 
1-methvl-3-n-propvlbenzene 01074-43-7 
1-methvl-4-n-propvlbenzene 01074-55-1 
1.2-diethylbenzene 00135-01-3 
1-methyl-2-n-propvlbenzene 01074-17-5 
1,4-dimethvl-2-ethvlbenzene 01758-88-9 
1.3-dimethyl-4-ethylbenzene 00874-41-9 
1,2-dimethvl-4-ethvfbenzene 00934-80-5 
1,3-dimethvl-2-ethvlbenzene 02870-04-4 
n-undecane(hendecane) 01120-21-4 
1.2-dimethyl-3-ethylbenzene .00933-98-2 
1.2,4.5-tetramethvlbenzene 00095-93-2 
1-methVI-2-n-butvibenzene 01595-11-5 
1,2.3,5-tetramethvfbenzene 00527-53-7 
1-(1, 1-dimethylethyl)-2-methylbenzene 01074-92-6 
1,2.3,4-tetramethvlbenzene 00488-23-3 
n-pentvlbenzene 00538-68-1 
1-(1.1-dimethylethyl)-3,5-dimethylbenzene 00098-19-1 
naphthalene 00091-20-3 
n-dodecane 00112-40-3 
n-tridecane 00629-50-5 

1.2	 This method is restricted to use by, or under the supervision of, analysts experienced in the use of gas 
chromatographs. Analysts should also be skilled in the interpretation of gas chromatograms. Each analyst 
must demonstrate the ability to generate acceptable results with this method. 

2.0	 Method Summary 

This method provides GCIFIO conditions for the detection of the target analytes. Exhaust samples are 
introduced to the GC from Tedlar bags by means of gas sampling valves. Separation of the sample 
hydrocarbons takes place in a 60 m 0.32 mm 10 WCOT fused silica column. Quantitative analysis is 

2.1 
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perfonned by the FlO using an external standard approach. The computerized GC data acquisition system 
identifies the hydrocarbons and concentrations are detennined by peak area response factors. 

2.2	 Prior to the use of this method, appropriate sample collection techniques must be used. 

2.2.1	 Samples are collected from the exhaust in Tedlar bags. Dilutions may apply and must be 
accounted for in final calculations. 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratol)' safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in I L Tedlar bags. 

4.2	 Tedlar bags may not be exposed to heat or excessive light. Black Tedlar bags may be used to eliminate 
photochemically induced reactions. 

4.3	 Samples must be analyzed within 24 hours of collection. 

5.0	 Interferences and Potential Problems 

5.1	 To maximize sample integrity, Tedlar bags should not leak or be exposed to excessive light or heat. 
Tedlar bags must be shielded from direct sunlight to avoid photochemically induced reactions of any 
reactive hydrocarbons. 

5.2	 Any component present in the sample with a retention time vel)' similar to that of a target hydrocarbon 
would interfere or coelute. If separation cannot be achieved, confinnation of identification should be done 
using a different column for separation, or an alternate detector, e.g., mass spectrometer (MS), 
photoionization detector (PIO), etc. 

6.0	 EqUipment/Apparatus 

6.1	 GCIFIO 

6.1. I	 Gas Chromatograph (GC) - Varian CP-3800 with programmable oven temperatures, 30 mL fixed 
volume injection loop for automated transfer of gaseous samples from the Tedlar bag to the GC, 
and analytical column interfaced with a flame ionization detector (FlO). 

6. I. 1.1	 GC Column - Varian CP 8870 WCOT fused silica. 60 m x 0.32 mm 10, or equivalent. 
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6.1.2	 Data System - Dell-PC computer with Varian Star software capable of continuous acquisition
 
and storage of all data obtained throughout the duration of the chromatographic program.
 

6.2	 Nitrogen, compressed and liquid. Minimum purity of 99.998 %.
 

6.3	 Helium, compressed. Minimum purity of 99.995 %.
 

6.4	 Hydrogen, compressed. Minimum purity of99.995 %.
 

6.5	 Air, compressed. "Zero" grade «1 ppmC total hydrocarbon contamination), or better.
 

6.6	 Tedlar bags: SKC, ]nc., 5 to 10 L in capacity, or equivalent.
 

6.7	 Super Syringe: Fisher Scientific, 1 L
 

7.0	 Reagents
 

7.1	 N]ST-certified SRM or secondary N]ST-traceable standards shall be used in all tests. A secondary
 
standard is obtained by a comparison between a SRM and a candidate standard.
 

7.2	 Calibration Standard
 

7.2.1	 The quantitative calibration standard for all target hydrocarbons is propane.
 

Lehner/Martin, Inc. Propane Std. in zero air - 2955 ppbC, or equivalent
 

7.3	 Control Standard
 

7.3.1	 Quality control standard, containing at least n-hexane, benzene, toluene, n-octane, ethyl benzene,
 
m&p-xylene, o-xylene and n-decane at concentrations between 200 and 2000 ppbC based on a
 
propane standard. This standard is used as a daily update of control charts and a daily
 
detennination of marker retention time windows.
 

Scott-Marrin, Inc. 23 Component custom blend in nitrogen, or equivalent 

7.4	 A high concentration standard (higher than the calibration standard), containing the target hydrocarbons
 
listed in Section 7.3.1, is used for linearity detenninations. The high concentration standard must have
 
concentrations verified against a N]ST-traceable propane standard.
 

7.5	 A low concentration standard (5 to 10 times the estimated MOL), containing the target hydrocarbons
 
listed in Section 7.3.1, is used for MOL detenninations. The low concentration standard must have
 
concentrations verified against a N]ST-traceable propane standard.
 

7.5.1	 ]n lieu of a low concentration standard, a higher concentration standard may be diluted.
 

8.0 Procedure
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8.1	 Sample collection 

8.1.1	 Specific sample collection procedures can be found in the VOC Sampling Protocol. 

8.1.2	 In general, samples are collected from the integrated bag samples that have been continuously 
filled during the 1200 second transient test cycle. One bag is filled with dilution air, while the 
other is filled with dilute exhaust. A Teflon diaphragm pump is T-connected through a valve to 
the constant volume sampling system to fill a Tedlar bag with either dilution air or dilute exhaust. 

8.2	 GC chromatographic conditions: 

Injection volume: 30 mL fixed loop
 
Injector temperature: -180 C (hold 7.10 min) to 250 C (hold 61.25 min)@ 200 C/min
 
Helium carrier flow: 3 mLimin
 
Nitrogen aux. flow: 27 mLimin
 
Hydrogen flow: 30 mLimin
 
Air flow: 300 mLimin
 
Column temperature: 10 C (hold 9 min) to 250 C (hold 13 min) @ 5 C/min
 
Detector temperature: 300 C
 

8.3	 Samples in Tedlar bags are connected to one of sixteen ports on the autosampler and the analytical 
process then begins. 

8.4	 The sample is introduced into the carrier gas stream through the injection valve. 

8.5	 Each separated analyte exits the column into the FID where a response is generated. 

8.6	 Hydrocarbon concentrations are calculated in parts per billion of carbon (ppbC) by Varian's Star software 
from the NIST-traceable propane calibration standard. 

8.7	 Analytes with concentrations higher than demonstrated in the instruments range of linearity must be 
diluted and rerun. 

8.8	 Peak identification and integration are checked and corrected if necessary by the analyst using the 
following procedure and criteria: 

1.	 The primary peak identification is done by the computer using the relative retention times based 
on reference calibration runs. 

2.	 Confirm that the relative peak heights of the sample run ("fingerprint") match the typical 
fingerprint seen in past sample runs. 

3.	 Compare the relative retention times of the sample peaks with those of reference runs. 
4.	 Any peak with a reasonable doubt is labeled 'Unidentified'. 

8.9	 Target compounds that coelute, with the exception of m&p-xylene, are reported as the major component. 
Due to the difficulty in separation of m-xylene and p-xylene, they are reported together as m&p-xylene. 

8.10	 The WCOT fused silica analytical column is heated to 250 C to prevent carry over and assure all 
compounds are eluted before the next run. 

8.10.1	 After running a particularly "dirty" sample, the analyst should run a blank before proceeding to 
the next sample as there may be sample carry over, or flush the sampling system with air. 
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9.0	 Calculations 

9.1	 The target hydrocarbon concentrations, in ppbC, are calculated by the data system using propane as an 
external standard. 

Concentration sample (PpbC) =Peak AreasamPle x Response Factor 

where the response factor (RF) is calculated during daily calibration by: 

RF = Concentration of propane standard (ppbC) 

area of propane peak 

10.0	 Quality Control/Quality Assurance 

10.1	 Instrument Blank Run 

10.1.1	 An instrument blank of pure nitrogen is run each analysis day. All target hydrocarbon 
concentrations from the blank analysis must be below the method detection limit (MOL) before 
the analysis may proceed. 

10.1.1.1	 If the blank shows a peak greater than the MOL in the region of interest, the 
source of contamination must be investigated and remedied. 

10.2	 Calibration Run 

10.2.1	 The calibration standard is analyzed each analysis day to generate the response factor used to 
quantify the sample concentrations. 

10.3	 Control Standard Run 

10.3.1	 The quality control standard is analyzed at least once each analysis day. Measurements of all 
compounds specified in Section 7.3.1 must fall within the control limits to ensure the validity of 
the sample analyses that day. To meet this requirement, it may be necessary to inspect and repair 
the GC, and rerun the calibration and/or control standards. 

10.4	 Control Charts 

10.4.1	 A quality control chart is maintained for each component of the control standard listed in Section 
7.3.1, and is performed for new instruments, after making instrument modifications that can affect 
recovery, and at least once every year. The control charts, used on a daily basis, establish that the 
method is "in control." The following describes how to construct a typical control chart: 

1.	 Obtain at least 20 daily control standard results; 
2.	 Calculate the control standard mean concentration and standard deviation for the target 

hydrocarbon; and 



SOP No.: 1003 (6-(12 Hydrocarbons 
Version 2 
Date Issued: June 22, 2006 
Page 9 of 11 

3.	 Create a control chart for the target hydrocarbon by placing the concentration on the Y­
axis and the date on the X-axis. Establish upper and lower warning limits at either two 
standard deviations (2s) or 5 percent, whichever is greater, above and below the average 
concentration. 

4.	 A control standard measurement is considered to be out-of-control when the analyzed 
value exceeds the control limit or two successive control standard measurements of the 
same analyte exceed the warning limit. 

5.	 If 20 control standard measurements are not yet available to create a control chart (e.g., 
the control standard was expended and replaced prior to obtaining 20 points with the new 
standard), measurements must be within 15% relative standard deviation (RSD) of the 
certified concentration. If the control standard is not a NIST standard, the cylinder should 
be certified by the laboratory against a NIST standard. 

The measured concentrations of all target hydrocarbons contained in the control standard must be 
within the control limits (in control) for the sample results to be considered acceptable. 

10.5	 Duplicates 

10.5.1	 A duplicate analysis of one sample is performed at least once per analysis day. The relative 
percent difference (RPD) is calculated for each duplicate run: 

RPD (%) = Difference between duplicate and original measurement x 100 

Average of duplicate and original measurement 

For each compound specified in Section 7.3.1, the allowable RPD depends on the average 
concentration level for the duplicate runs, as shown in the following table: 

Average Measurement for the Duplicate Runs Allowable RPD (%) 
1 to 10 times MOL 100 
10 to 20 " 30 
20 to 50 " 20 
Greater than 50 " 15 

If the results of the duplicate analyses do not meet these criteria for all compounds specified in 
Section 7.3.1, the sample may be reanalyzed. If reanalysis is not feasible or if the criteria are still 
not met on reanalysis, all sample results for that analysis day are invalid. 

10.6	 Linearity 

10.6.1	 A multipoint calibration to confirm instrument linearity is performed for the target hydrocarbons 
in the control standard for new instruments, after making instrument modifications that can affect 
linearity, and at least once every year. The multipoint calibration consists of at least five 
concentration or mass loading levels (using smaller or larger volume sample sizes of existing 
standards is acceptable), each above the MOL, distributed over the range of expected sample 
concentration. A linear regression analysis is performed using concentration and average area 
counts to determine the regression correlation coefficient (r). The r must be greater than 0.995 to 
be considered sufficiently linear for one-point calibrations. 

10.7	 MOL 
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10.7.1	 The MOL for the target hydrocarbons in the control standard must be determined for new 
instruments, after making instrument modifications that can affect linearity and/or sensitivity, and 
at least once every year. To make the calculations, it is necessary to run at least seven replicate 
determinations at a concentration of 5 to 10 times the estimated MOL. The MOL is calculated 
using the following equation: 

MOL=txs 

where s is the standard deviation of the replicates and t is the t-factor for 99 percent confidence 
for a one-sided normal (Gaussian) distribution. The number of degrees of freedom is equal to the 
number of replicates, minus one. An abbreviated Hable is: 

Degrees of Freedom t-value 
4	 3.7 
5	 3.4 
6	 3.1 
7	 3.0 

10.7.1.1	 The maximum allowable MOL for each compound is I ppbC. The calculated 
laboratory MOL must be equal to or lower than the maximum allowable MOL. 
All peaks identified as target compounds that are equal to or exceed the 
maximum allowable MOL must be reported. If the calculated laboratory MOL is 
less than the maximum allowable MOL, the laboratory may choose to set its 
reporting limit at the maximum allowable MOL, the calculated laboratory MOL, 
or any level in between. 

10.7.1.2	 For the purpose of calculating the total mass of aU species, the concentrations of 
all compounds below the MOL are considered to be zero. 

10.8	 Method 1002/1 003 Crossover Check 

10.8.1	 A crossover check is analyzed at least once each analysis day, and is performed by choosing a 
compound from a sample to be measured and compared by both Method 1002 and 1003. The 
crossover compound shall be a compound that can reasonably be expected to be found and 
measured by both methods in the laboratory performing the analysis. The maximum relative 
percent difference (RPO) allowed from the results obtained by the two methods is 15%. 

11.0	 References 

11.1	 California Environmental Protection Agency, Air Resources Board, Method 1003, Revision IV, July 2002 
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1.0	 Scope and Application 

1.1	 This exhaust gas sampling protocol is specifically designed for sampling dilute exhaust generated from 
heavy-duty diesel engines being operated over the EPA transient cycle or steady state emission test as 
described in 40 CFR Part 86. 

1.2	 For transient cycle operation, this official testing protocol involves continual sample integration of all 
gaseous emissions along with pertinent engine and ambient variables for 1200 seconds (20 minutes). For 
eight-mode steady state operation, this official testing protocol involves modal sample collection for a 
total of20 minutes. Modes 1,2,3 and 8 are collected for 3 minutes of the 5 minute mode, while modes 4, 
5, 6 and 7 are collected for 2 minutes. 

1.3	 Dilute exhaust samples are collected from the dilution tunnel. 

2.0	 Method Summary 

2.1	 Samples analyzed for particulate and gaseous phase polycyclic aromatic hydrocarbons (PAH) are 
collected continuously by pulling the dilute exhaust from the dilution tunnel, using a Teflon diaphragm 
pump, through a particulate filter and XAD cartridge. 

2.2	 Once received by the laboratory, samples are taken through a concentration extraction and analyzed via 
gas chromatography/mass spectrometry (GC/MS). 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 The following method analytes have been classified as known or suspected human or mammalian 
carcinogens: benzo(a)anthracene and dibenzo(a,h)anthracene. A guideline for the safe handling of 
carcinogens can be found in Section 5209 of Title 8 of the California Administrative Code. 

3.3	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Particulate samples are collected and stored on particulate filers, while gaseous samples are collected and 
stored on XAD cartridges. 

4.2	 Sealed XAD cartridges must be stored away from light and refrigerated, at a temperature less than 4 C, 
upon receipt from manufacturer, until ready for use. 

4.3	 From the time of collection to extraction, maintain all samples at 4 C or lower and protect from light. All 
samples must be extracted within 21 days of collection, and all extracts must be analyzed within 40 days 
of extraction. 
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5.0	 Interferences and Potential Problems 

5.1	 Transformation of PAH and the formation of artifacts can occur in the sampling train. PAH degradation 
and transformation on the sampling train filters have been demonstrated. Certain reactive PAH such as 
benzo(a)pyrene, benzo(a)anthracene, and fluoranthene when trapped on filters can readily react with stack 
gases. These PAH are transformed by reaction with low levels of nitric acid and higher levels of nitrogen 
oxides, ozone, and sulfur oxides. 

6.0	 Equipment/Apparatus 

6.1	 Sampling Train Schematic 

6.1.1	 8' Gas line from the tunnel to the PAH/ALD sampling system is as follows: 

6.1.1.1	 Siltek®/Sulfinert® treated Y2" 316L grade stainless steel tubing: Restek, or equivalent. 

6.1.2	 After the "T" connection, all PAH sampling line is W' Teflon tubing. 
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6.2	 Amberlite XAD cartridges: Acros, or equivalent
 

6.3	 PALLFLEX Fiberfilm T60A20 90 mm particulate filter: Pall Life Sciences, or equivalent.
 

6.4	 Digital flow meter: TSI, Inc., or equivalent.
 

6.5	 Teflon diaphragm vacuum-pressure pump: MFG Corp., or equivalent.
 

7.0	 Procedure
 

7.1	 Sample collection
 

7.1.1	 A particulate filter and XAD cartridge is connected into the sample flow path.
 

7.1.2	 Particulate and gaseous phase dilute exhaust samples are collected onto the particulate filter and
 
XAD cartridges by turning on the power to the Teflon diaphragm pump.
 

7.1.2.1 For transient test cycle sample collection, the Teflon diaphragm pump is turned on for the
 
duration of the 1200 second emission test.
 

7.1.2.2 For steady state cycle sample collection, the Teflon diaphragm pump	 is turned on for 3
 
minutes at the end of modes 1, 2, 3 and 8; and 2 minutes at the end of modes 4, 5, 6 and
 
7. 

7.1.3 The flow rate through the particulate filter and XAD cartridge should be 100 Llmin.
 

7.1.3.1	 Flow rate should be continuously monitored and adjusted if necessary during sampling.
 

7.1.4	 The dilution and work is noted for each dilute exhaust sample taken for final calculations.
 

7.1.5	 Particulate filters and XAD cartridges are refrigerated immediately after sample collection and
 
extraction, below a temperature of 4 C, until analyzed by GC/MS.
 

8.0	 Calculations
 

8.1	 Volumetric flow conversions are as follows:
 

1SCFM = 0.0283 m 3Imin = 28.317 Llmin 

9.0	 Quality Control/Quality Assurance
 

9.1	 Tunnel Blank Sample
 

9.1.1	 A tunnel blank sample must be collected each analysis day. The levels of any unlabelled analyte
 
quantified in the tunnel blank must not exceed 20 % of the level of that analyte in the dilute
 
exhaust sample. If this criterion cannot be met, calculate a reporting limit that is five times the
 
blank value. Do not subtract the blank value from the sample value.
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9.2	 Field Blank Sample 

9.2.1	 At least one XAD and particulate filter per batch is analyzed as a field blank. The levels of any 
unlabelled analyte quantified in the tunnel blank must not exceed 20 % of the level of that analyte 
in the dilute exhaust sample. If this criterion cannot be met, calculate a reporting limit that is five 
times the blank value. 

9.3	 Leak Checks 

9.3.1	 Sampling Train 

9.3.1.1	 A leak check must be performed each analysis day to ensure correct sampling system 
flow rates. 

9.3.1.2 To leak check any part of the sampling train, the suspected leak area should be isolated 
and pressurized or put under vacuum. A gauge may then be used to check if a leak exists. 

9.3.1.3	 Flow rate must be kept within 2 Umin of the set sampling flow rate of 100 Umin. 

9.4	 Flow Rates 

9.4.1	 The flow rate into the particulate filter and XAD cartridge is controlled with a digital flow meter. 
The flow rate over the transient or steady state emission test cycle is 100 Umin. 

10.0	 References 

10.1 Desert Research Institute, 4 Channel Sequential FP/SVOC Sampler, 1-750.4, Revision OS, July 2002. 
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1.0	 Scope and Application 

1.1	 This exhaust gas sampling protocol is specifically designed for sampling dilute exhaust generated from 
heavy-duty diesel engines being operated over the EPA transient cycle or steady state emission test as 
described in 40 CFR Part 86. 

1.2	 For transient cycle operation, this official testing protocol involves continual sample integration of all 
gaseous emissions along with pertinent engine and ambient variables for 1200 seconds (20 minutes). For 
eight-mode steady state operation, this official testing protocol involves modal sample collection for a 
total of20 minutes. Modes 1,2,3 and 8 are collected for 3 minutes of the 5 minute mode, while modes 4, 
5, 6 and 7 are collected for 2 minutes. 

1.3	 Dilute exhaust samples are collected from the dilution tunnel. 

2.0	 Method Summary 

2.1	 Samples analyzed for aldehyde and ketone compounds (carbonyls) are collected continuously by pulling 
the dilute exhaust from the dilution tunnel, using a Teflon diaphragm pump, through a series of two 
DNPH cartridges. 

2.2	 The absorbing solution (2,4-DNPH) complexes the carbonyl compounds into their diphenylhydrazone 
derivatives. 

2.3	 Once received by the laboratory, cartridges are eluted with 5 mL acetonitrile and analyzed via high 
performance liquid chromatography (HPLC). 

3.0	 Health and Safety 

3.1	 The toxicity or carcinogenicity of chemicals used in this procedure has not been precisely defined. Each 
chemical should be treated as a potential health hazard, and exposure to these chemicals should be 
minimized. 

3.2	 All sampling should be done while using proper protective equipment to minimize exposure to vapor. 
Minimum personal protection includes the use of laboratory safety glasses, a lab coat or apron, and 
protective gloves. 

4.0	 Sample Preservation, Containers, Handling, and Storage 

4.1	 Samples are collected and stored in DNPH-impregnated cartridges. 

4.2	 DNPH cartridges must be sealed and refrigerated, at a temperature less than 40° F, upon receipt from 
manufacturer, until ready for use. 

4.3	 If samples are not analyzed the same day as collected, they must be refrigerated at a temperature below 
40° F. 

4.4	 Refrigerated samples are stable for up to 30 days. 
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5.0	 Interferences and Potential Problems 

5.1	 To decrease the chance of background contamination variables and oxygenated impurities, DNPH­
impregnated cartridges are used rather than impingers. 

6.0	 Equipment/Apparatus 

6.1	 Sep-Pak® DNPH-impregnated cartridges: Waters Corporation, or equivalent 

6.2	 Digital flow meter: Dwyer Instruments, Inc., or equivalent. 

6.3	 Teflon diaphragm vacuum-pressure pump: MFG Corp., or equivalent. 

6.4	 Sampling Train Schematic 

6.4.1	 8' Gas line from the tunnel to the PAH/ALD sampling system is as folIows: 

6.4.1.1	 Siltek®/Sulfinert® treated Y2" 316L grade stainless steel tubing: Restek, or equivalent. 

6.4.2 After the "T" connection, all ALD sampling line is y.." 
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7.0	 Procedure
 

7.1	 Sample collection
 

7.1.1	 Two DNPH cartridges connected into the sample flow path.
 

7.1.2	 Dilute exhaust samples are collected onto the DNPH cartridges by turning on the power to the
 
Teflon diaphragm pump.
 

7.1.2.1 For transient test cycle sample collection, the Teflon diaphragm pump is turned on for the
 
duration of the 1200 second emission test.
 

7.1.2.2 For steady state cycle sample collection, the Teflon diaphragm pump	 is turned on for 3
 
minutes at the end of modes 1, 2, 3 and 8; and 2 minutes at the end of modes 4, 5, 6 and
 
7. 

7.1.3	 The flow rate through the DNPH cartridges should be 1 Llmin.
 

7.1.3.1	 Flow rate should be continuously monitored and adjusted if necessary during sampling.
 

7.1.4	 The dilution and work is noted for each dilute exhaust sample taken for final calculations.
 

7.1.5	 DNPH cartridges are refrigerated immediately after sample collection, below a temperature of 40°
 
F, until analyzed by HPLC.
 

8.0	 Calculations
 

8.1	 Volumetric flow conversions are as follows:
 

1SCFM =0.0283 m3 Imin =28.317 Llmin 

9.0	 Quality ControUQuality Assurance
 

9.1	 Tunnel Blank Sample
 

9.1.1	 A tunnel blank sample must be collected each analysis day. If the tunnel blank shows a peak
 
greater than the method detection limit (MOL) in the region of interest, the source of the
 
contamination must be investigated and remedied. Do not subtract the blank value from the
 
sample value.
 

9.2	 Field Blank Sample
 

9.2.1	 At least one cartridge per batch is analyzed as a field blank. If the cartridge blank shows a peak
 
greater than the method detection limit in the region of interest, the source of the contamination
 
must be investigated and remedied.
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9.3	 Leak Checks 

9.3.1	 Sampling Train 

9.3.1.1	 A leak check must be performed each analysis day to ensure correct sampling system 
flow rates. 

9.3.1.2 To leak check any part of the sampling train, the suspected leak area should be isolated 
and pressurized or put under vacuum. A gauge may then be used to check if a leak exists. 

9.3.1.3	 Flow rate must be kept within 0.2 Llmin of the set sampling flow rate of 1 Llmin. 

9.4	 Flow Rates 

9.4.1	 The flow rate into the DNPH cartridge is controlled with a digital flow meter. The flow rate over 
the transient or steady state emission test cycle is 1 Llmin. 

10.0	 References 

10.1	 Desert Research Institute, DR! Carbonyl Sampler, 1-710.3, Revision 03, June 1997. 
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1.0 PURPOSE!APPLICABILITY 

This analytical method applies to dinitrophenylhydrazine-impregnated cartridges through 
which air samples have been passed for the collection of carbonyl compounds. Carbonyl 
compounds react rapidly with 2,4-dinitrophenylhydrazine (DNPH) in acidic media to form 
yellow to orange-colored hydrazones. The color depends on the type of carbonyl compound, 
and the amount of the product formed is dependent on the quantity of carbonyl compound 
provided to the reagent. 

Samples are collected by drawing a known volume of air through the DNPH-impregnated 
cartridges. These exposed cartridges are then returned to the laboratory for isolation, 
separation, and quantification of the hydrazone products by high-performance liquid 
chromatography (HPLC). The ambient air concentration of various carbonyl compounds is 
determined from the quantity of the associated hydrazones found in the exposed cartridges 
and the volume of air samples. Typically C,-c, carbonyl compounds, including 
benzaldehyde, are measured effectively by this technique, with a detection limit of ~ 0.1 
ppbv. 

This method follows the procedure described in EPA Method TO-II A (January 1997, 
EPA/625/R-96/0 IOb). 

2.0 MATERIALS/APPARATUS 

2.1 DNPH Cartridges 

Waters Sep-Pak XPoSure Aldehyde Samplers are purchased from Waters (WAT047205) 
and sampled directly from the manufacturer without need for laboratory preparation. 

3.0 SAMPLE ANALYSIS 

Aldehydes collected in the cartridge (as the hydrazones) are eluted with acetonitrile and the 
eluent is analyzed using reverse phase high performance liquid chromatograph (HPLC) 
(Fung and Grosjean, 1981). Gradient elution is used with a sufficiently polar mobile phase 
for the separation of acetone, acrolein, and propanal. The mobile phase polarity is then 
decreased steadily to allow the elution ofthe higher aldehydes. 
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3.1 Sample Shipping/Storage 

The cartridges are returned to the laboratory in secondary aluminum envelopes provided by 
the manufacturing, labeled with unique Project Media Identification (PM!) numbers, in a 
cooler at 4°C. In the laboratory, they are stored in a refrigerator until analysis. The time 
between sampling and extraction should not exceed two weeks. Sample elutes are stable at 4 
°C for up to one month. 

3.2 Sample Preparation 

Uncap the cartridge and place it in a small test tube holder. Elute the cartridges with 2 ml of 
acetonitrile into a volumetric flask and transfer into a septum vial. Cap the vial and write the 
cartridge number on the side using a permanent marker. If not analyzed the same day, place 
the extracts in a clean refrigerator. 

3.3 Standard Solutions 

Prepare stock solutions of the hydrazone standards provided by AccuStandard in acetonitrile 
at carbonyl concentration of 5 ~g/rnL. 

Dilute the stock standards to obtain working solutions in the range of 0.1 to I0 ~g/mL 

concentrations for most applications. Higher concentrations may be needed occasionally if 
the air carbonyl concentrations exceed ~20 ppb during sampling. At least three 
concentrations of working standards bracketing the sample concentrations should be 
prepared for the calibration. 

A secondary standard from Restek is used to verity the calibration. 

3.5 Instrument Conditions 

The HPLC instrument is a Waters 2695 Alliance Separation Module with a photo diode 
array (PDA) detector with Empower software. Data are collected between a wavelength 
range of 190-450 nm. 
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Water Alliance 2695 Gradient Acquisition Method for Carbonyls 

Solvent A: 100% HPLC Water 
Solvent B: 100% Optima Acetonitrile 
Solvent C: 100% Optima Methanol 
Column: Polaris CI8-A, 4.6xI5, 3um 
Detector: PDA,360nm 

Table I. Gradient elution solvent conditions. 
Time (min) Flow (mL) %A %B 
0.01 1.50 70.0 30.0 
1.00 1.50 70.0 30.0 
20.00 1.50 60.0 40.0 
32.00 1.50 55.0 45.0 
41.00 1.50 37.0 63.0 
45.00 1.50 37.0 63.0 
50.00 1.50 30.0 70.0 
55.00 1.50 70.0 30.0 

The column is conditioned with 50:50 water/methanol for 10 minutes at the end of each 
sequence. 

3.6 Calibrations 

Following the Millennium32 3.20 PDA document, five calibration standards are analyzed 
using concentrations in Table 2 (see Figures 2 for example of calibration curve). The curve 
is forced through zero and is acceptable with a R2 ~ 0.95. A secondary standard from Restek 
is used to verifY the calibration. 

Once the linear response factor has been documented, an intermediate concentration 
standard near the anticipated level of each component (but at least ten times the detection 
limit) is used for a daily calibration check standard. A sample chromatogram is shown in 
Figure I. 

3.7 Data Acquisition and Processing 

The calibration equation below is used to determine the amount of carbonyls in the samples 
(this step is performed by the HPLC baseline data system). 
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Table 2 Calibration Levels 
Levell Level 2 Level 3 Level 4 Level 5 

Cone. (ug/mL) 1 0.5 0.25 0.1 0.025 
Formaldehyde 7.036 3.518 1.759 0.703 0.351 
Acetaldehyde 5.13 2.565 1.282 0.513 0.256 
Acetone 4.1 2.05 1.025 0.41 0.205 
Acrolein 4.366 2.183 1.091 0.436 0.218 
Propionaldehyde 4.113 2.056 1.028 0.411 0.2055 

I Crotonaldehvde 3.57 1.785 0.892 0.357 0.178 
2-Butanone (MEK) 3.5 1.75 0.875 0.35 0.175 
Methacrolein 3.57 1.785 0.892 0.357 0.178 
n-Butyraldehyde 3.51 1.755 0.877 0.351 0.1755 
Benzaldehyde 2.7 1.35 0.675 0.27 0.135 
Valeraldehyde 3.122 1.561 0.78 0.312 0.156 
Glyoxal 0.92 0.46 0.23 0.046 0.023 
m-Tolualdehyde 2.506 1.253 0.626 0.25 0.125 
Hexaldehyde 3.116 1.558 0.779 0.311 0.155 

3.8 Calculations 

where: 
CA 

Wd 

x 1000 ----

Vm (or Vs ) 

concentration ofanalyte (ng/L) in the original sample 
total quantity of analyte (~g) in sample, blank corrected 

where: 
Concentration of analyte in the cartridge (~g) 

final volume (m!) of sample extract 
total sample volume (L) under ambient conditions 
total sample volume (L) at 25°C and 760 mm Hg 
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The analyte concentrations can be converted to ppbv using the following equation: 

24.4 

CA (Ppbv) CA (ng/L) x 
MWA 

where: 
concentration of analyte in parts per billion by volume 

is calculated using Vs 

MWA molecular weight of analyte. 

3.9	 Quality Control 

After calibration, an intermediate concentration calibration check standard is analyzed every 
10 samples with a±IO% recovery. 

3.9.1	 Blanks 

At least one field blank or 10% of the field samples, whichever is larger, should be shipped 
and analyzed with each group of samples. The field blank is treated identically to the 
samples except that no air is drawn through the cartridge. 

Instrument blanks are analyzed after high concentrations. 

3.9.2	 Method Precision and Accuracy 

10% of the samples are analyzed twice for replicate precision which typically falls within 
±IO%. 

4.0	 REFERENCES 

Fung, K., and D. Grosjean (1981). "Determination of Nanogram Amounts ofCarbonyls as 
2,4, dinitrophenylhydrazones by High Performance Liquid Chromatography." 
Ana/y. Chem., 53, 168. 

U.S. EPA, "Method	 TO-IIA: Determination of Formaldehyde in Ambient Air Using 
Adsorbent Cartridge Followed by High Performance Liquid Chromatography 
(HPLC) [Active Sampling Methodology]," EPA/625/R-96/0IOb, in Compendium 
ofMethodsfor the Determination ofToxic Organic Compounds in Ambient Air. 
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Winberry, W.T., Jr., N.T. Murphy, and R.M. Riggan (1988). Method TOll in Compendium 
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EPA/600/4-89/017, U.S. Environmental Protection Agency, Research Triangle Park, 
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Sample Report
 
Reported by User. Katar7:yna Rempala Project Name: API_Winter2004 # of Results: 5 

SAMPLE IN FORMATION 

Sample Name: O404Ievill2 Acquired By: Katy 
Sample Ty pe: Standarl:l , Date Acquired: 41612005 3:56:28 PM 
Vial: 3 Acq. Method Set: Polaris_3um_MS 
Injection #: 1 Date Processed: 417/200511:09:16 AM 
Injection Volume: 20.00 ul Processing Methoc PoJarls0405PM 
Run Time: 55.0 Minutes Channel Name: Extract 360.0 
Sample Set Name API_040505 Proc, Chnl. Oeser. PDA 360.0 nm 
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Peak Name RT Area Amount Units 
PDA Match1 

Spect. Name 
Matchl 

PDA Mateh2 

Spect. Name 
Malch2 

1 Formaldehy de 10.993 233572 3.518 uglml Formaldehyde 0.851 

2 Acetaldehy de 15.985 176681 2.565 uglml Acetaldehyde 5.705 n-Buty raldehy de 5.709 

3 Acetone 21.825 137633 2.050 uglml Acetone 1.322 2-Butanone (MEK) 1.870 

4 Acrolein 23.077 167748 2.183 uglml Acrolein 1.085 Methacrolein 3.072 

5 Propionaldehy de 25.096 129540 2.056 uglml n-Buty rak:lehy de 1.448 Acetaldehyde 1.653 

6 Crotonaldehy de 31.133 114907 1.785 ug/ml Crotonaldehy de 1.065 Methacrolein 6.077 

7 2·Butanone (MEK) 32.531 102244 1.750 uglml 2-Butanone (MEK) 1.621 Acetone 2.927 

8 Methaerolein 33.490 122150 1.785 uglml Methacrolein 3.741 Acrolein 5.489 

9 n-Buty raldehy de 34.352 112621 1.765 uglml n-Buty raldehy de 3.275 Valeraldehy de 3.330 

10 Benmldehy de 38.329 82427 1.350 uglml Benzaldehy de 1.003 m-Tolualdehyde 3.987 

Report Method: Multi Sample Summary fo Printed 11:25:44 AM/7/2005 Paae: 3 of 10 

Figure lao Chromatograph of Level 2 standard. 
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Sample Report
 
Reported by User: Katarzy na Rempala Project Name: API Winter2004 # of Results: 5 

Peak Name RT Area Amount Units 
PDA Match1 
Spect. Name 

Match1 
PDAMatch2 
Spect. Name 

Match2 

11 Valeraldehy de 40.097 97770 1.561 ug/ml Valeraldehy de 5.956 n-Buly raldehy de 6.388 

12 Glyoxal 40.469 21352 0.460 ug/ml 

13 m-Tolualdehy de 41.865 70294 1.253 ug/ml m-Tolualdehyde 0.975 Benzaldehy de 3.809 

14 Hexaldehyde 43.659 84775 1.558 ug/ml Hexaldehy de 1.304 Valeraldehy de 1.531 

Figure lb. Chromatograph of Level 2 standard. 
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_ LC Calibration Report ver1~------------
Reported by User: Katarzyna Rempala (Katy) Project Name: API_Wlnter2004 

Processing Method: PoIaris0405PM Project Name: API_Winter2004 

Processing Method 10 1175 System: W2695 

Calibration ID: 1159 Channel: Extract 360.0 

Date Calibrated: 4/7/200511:13:37 AM Proc. Chnl. Oeser. POA 360.0 om 

500000 c 

400000­

300000 

200000 . 

100000 

-100000 -­ __.~ 

0.00 1.00 2.00 
, 

3.00 
, 

4.00 
Amount 

Name: Formaldehyde; RT: 11.360; Fit Type: Linearthru Zero; 
R"!2: 0.998448; Weighting: None; Equation: Y = 6.64e+OO4 X 

5.00 6.00 

Cal Curve Id: 1160; 

, 
7.00 

R: 0.999224; 

Figure 2. Calibration curve for formaldehyde. 
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1.0 PURPOSE/APPLICABILITY 

This method describes the analysis of semi-volatile organic compounds (SVOC) in air. 
The SVOCs include non-polar analysis of Polycyclic Aromatic Hydrocarbons (PAH), 
Aliphatic Hydrocarbon Analysis (Alkanes), Hopanes and Steranes, and Polar analysis. 
The method uses a sampling train consisting of a Teflon-impregnated glass fiber (TIGF) 
filter backed up by a PUF/XADIPUF sandwich solid adsorbent. The separate portions of 
the sampling train are extracted and combined dependent on analyses. The analysis 
method is gas chromatography/mass spectrometry (GC/MS). Mass spectrometry 
provides definitive identification of SVOCs. 

This method follows the procedure described in EPA Method TO-13 (June 1988, 
EPA/600-4-89/0 17). The exceptions are that I) the DR! procedure uses a XAD-4 
sandwich adsorbent trap where TO-13 recommends either PUF or XAD-2, and 2) the 
DRI procedure calls for more rigorous cleaning than the EPA method. 

2.0 MATERIALS/APPARATUS 

2.1 Sampling Substrates 

100 mm TIGF filters (Pall Gellman, ultrapure quality), PDF, and XAD-4 (Fisher 
Scientific) are obtained. Cleaning is as per Section 4 below. All solvents are Fisher 
Scientific Opitma or HPLC grade. 

2.2 GCIMS 

The chromatographic system consists of a Varian CP-3800 gas chromatograph equipped 
with an 8200 CX Autosampler and interfaced to a Vairan Saturn 2000 Ion Trap Mass 
Spectrometer. The alternative system consists of a Varian CP-3800 gas chromatograph 
with a model CP-8400 AutosampJer and interfaced to a Saturn 2000 Ion Trap Mass 
Spectrometer. Column is a CP-SiI8 30mxO.25 mmX025XX (Chrompack). 

3.0 PERSONNEL QUALIFICATION 

This SOP assumes that personnel performing the procedures are familiar with basic 
laboratory practice and operation of Dionex Accelerated Solvent Extractor (ASE), rotary 
evaporators, and the Varian GC/MS system and Saturn Workstation 5.2 computer 
software. Specific requirements for these instruments are found in the appropriate 
manuals. 
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4.0 SUBSTRATE CLEANING PROCEDURE 

4.1. Filters 

Teflon-impregnated glass fiber (TIGF) filters (Pall Life Sciences, Type T60A20) are 
cleaned by sonication for 10 minutes in dichloromethane (CH2Ch) twice, with the solvent 
replaced and drained, and sonicated for 10 minutes in methanol twice with the solvent 
replaced. Filters are then dried in a vacuum oven at -15 to -20 in Hg, 50° C for 
minimum of 24 hours, weighed (if necessary), placed in foil packages that have been 
fired at 500° C for 4 hours, placed in Uline metallic ZipTop static shielding bags, and 
stored at room temperature. 

If quartz filters (Pall Gellman, ultrapure quality), are used, they are baked at 900°C for 4 
hr before use. 

4.2 PUF Plugs 

PUF plugs are cleaned by first washing with distilled water, followed by Dionex ASE 
extraction for 15min/cell with ~ 170 mL acetone at 1500 psi and 80°C, followed by 
Dionex ASE extraction for 15min/cell with ~ 170 mL of 10% diethy I ether in hexane 
under the same conditions. The extracted PUF plugs are dried in a vacuum oven at -15 to 
-20 in Hg, 50° C for approximately 3 days or until no solvent odor is detected. If storage 
is necessary, PUF plugs are stored in clean IL glass jars with Teflon lined lids wrapped 
in aluminum foil. Powder-free nitrile gloves are worn at all times when handling PUF 
plugs. 

4.3 XAD-4 

New XAD-4 is washed with Liquinox™ soap and hot water, followed by 01 water. It is 
then placed in a Buchner funnel under vacuum, then transferred to the Dionex ASE and 
extracted for 15min/cell with ~ 170 mL of methanol at 1500 psi and 80°C, followed by 
dichloromethane (CH2CI2), then acetone under the same instrument conditions. The 
XAD-4 is then dried in a vacuum oven at -15 to -20 in Hg and 50°C. The cleaned XAD­
4 is then transferred to a clean IL glass jars with an air tight teflon-lined lid. The jar is 
wrapped with aluminum foil to protect the XAD-4 from light, and stored in a clean room 
at room temperature. 

4.4 Certification of Substrate 

An aliquot of each batch of cleaned XAD-4 (20g) and TIGF filters are extracted same as 
samples. Deuterated standards are added to the sample prior to extraction in the Dionex 



DR! STANDARD OPERATlNG PROCEDURE Page: 30f25 
Date: 2/20/04 

Title: Analysis of Semi-Volatile Organic Number: 2-750.5 
Compound by GC/MS Revision: 05 

ASE with ~ 170 mL dichloromethane (CH2CI2) for 15 min/cell at 1500 psi and 80°C, 
followed by ~ 170 mL acetone extraction under the same conditions. The extract is then 
concentrated to Iml and analyzed by GC/MS. Any batch determined to have excessive 
impurities (more than 10 ng/ul of naphthalene and other compounds in method) will be 
re-c1eaned and checked again for purity. 

4.5 Assembly of XAD and PUFIXADIPUF Cartridge 

The glass cartridges and screen assemblies are washed with Liquinox™ soap and hot 
water followed by DI water and oven dried. Powder-free nitrile gloves are worn at all 
times during the cartridge assembly. For XAD-4 cartridges, one assembly of spring, 0­

ring and screen is placed at the bottom of a clean glass cartridge followed by 20g of 
XAD-4 and another assembly of screen, o-ring and spring. The XAD cartridge is then 
placed in Uline ZipTop metallic static shielding bags and stored in ca clean room at room 
temperature. 

For PUF lXAD-4/PUF cartridges, one PUF plug is put at the bottom ofa clean glass 
cartridge followed by 10 g ofXAD-4 and a second PUF plug. The PUF/XAD/PUF 
cartridge is then placed in Uline ZipTop metallic static shielding bags and stored at room 
temperature. 

5.0 SAMPLE SHIPPING, RECEIPT, AND STORAGE 

XAD-4 cartridge and filter sets are assigned a unique Project Media Identification (PMI) 
number and logged (date stamped) into the Laboratory Information Management System 
(LIMS) when assembled and shipped. Cartridges are packed in a tin can with field data 
sheets with the same unique PMI number and shipped in coolers on blue ice prior 
overnight. 

In the field, exposed samples are stored at 0-4°C in a refrigerator or freezer and shipped 
to DRI priority overnight in ice chest (DRI's original shipping containers) with blue ice. 
Upon receipt by the laboratory, the samples are logged into the LIMS by PMI number, 
and field data is recorded (sampling location, date, and start and stop time, elapse timer, 
and flow rate). If the time span between sample login and extraction is greater than 24 
hours, the samples must be kept cold at 0-4°C in a freezer or refrigerator. The exposure 
of the sample media to ultraviolet light emitted by fluorescent lights must be minimized. 

6.0 EXTRACTION OF SUBSTRATE 

6.1 Addition of Internal Standards 
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6.1.1 Polycyclic Aromatic Hydrocarbon (PAH), non-polar 

Prior to extraction, the following deuterated internal standards are added to each sample 
(filter, PUF/XAD/PUF): 

naphthalene-d8 9.486 ng/J.l.1 
biphenyl-dID 7.008 ng/JlI 
acenaphthene-d lO 5.997 ng/JlI 
phenanthrene-dID 5.991 ng/JlI 
anthracene-dID 5.000 ng/JlI 
pyrene-dl2 4.993 ng/JlI 
benz(a)anthracene-d 12 2.004 ng/JlI 
chrysene-d 12 1.997 ng/JlI 
benzo[k]fluoranthene-d12 1.000 ng/JlI 
benzo[e]pyrene-d I2 0.700 ng/JlI 
benzo[a]pyrene-d12 0.703 ng/JlI 
benzo[g,h,i]perylene-d12 0.600 ng/JlI 
coronene-d l2 0.500 ng/JlI 
The amourit of internal standards added should correspond to the expected range of 
concentrations found in real samples and the final volume ofextracts during analysis. 

6.1.2 Hopane and Sterane, non-polar 

Prior to extraction, the following deuterated internal standards are added to each sample 
(filter, PUF/XAD/PUF): 

cholestane- ~ 0.375 ng/JlI 

The amount of internal standards added should correspond to the expected range of 
concentrations found in real samples. 

6.1.3 Aliphatic Hydrocarbon Analysis (Alkanes), non-polar 

Prior to extraction, the following deuterated internal standards are added to each sample 
(filter, PUF/XAD/PUF): 

dodecane-d26 10.9 ng/JlI
 
hexadecane-d34 2.36 ng/JlI
 
eicosane-~2 1.88 ng/JlI
 
octacosane-ds8 4.9 ng/J.l.I
 
tetracosane-dso 1.89 ng/JlI
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hexatriacontane-d74 10.2 ng/1l1 

The amount of internal standards added should correspond to the expected range of 
concentrations found in real samples. 

6.1.4 Polar Organic Compounds, polar 

Prior to extraction, the following deuterated internal standards are added to each sample 
(filter-sorbent pair): 

cholesterol-2,2,3,4,4,6-~ 9.85 ng/}ll
 
levoglucosan-u-13C6 31.25 ng/}ll
 
hexanoic-d\l acid 4.5 ng/}ll
 
benzoic-d3 acid 4.5 ng/}ll
 
decanoic-d l9 acid­ 4.5 ng/}ll
 
palmitic-d31 acid 4.5 ng/}ll
 
heptadecanoic-d33 acid 4.4 ng/}ll
 
myristic-d27 acid 3.3 ng/}ll
 
succinic-~ acid 2.55 ng/}lJ
 
phthalic 3,4,5,6-~ acid 4.6 ng/}ll
 

The amount of internal standards added should correspond to the expected range of 
concentrations found in real samples and the final volume of extracts during analysis. 

6.2 Extraction of PDF, XAD-4, and Filter 

Depending on analyses, PUF, XAD-4 and Filter will be extracted in the following 
combinations. Solvents are selected to optimize the polarity range desired for analyses. 

6.2.1 Non-Polar Analysis Only 

Filters and XAD-4 are extracted twice with approximately ~ 170 mL ofdichloromethane 
(CH2Ch) using the Dionex ASE for 15 min/cell at 1500 psi and 80°C. 

Since PUF media degrades when extracted with dichloromethane, the PUFs are extracted 
twice with ~ 170 mL of acetone using the Dionex ASE for 15 min/cell at 1500 psi and 
80°C. This method gives good recovery for PAH, aliphatic hydrocarbons (alkanes), and 
hopanes and steranes. 

6.2.2 Polar and Non-Polar Analyses 
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Filters and XAD-4 are extracted with ~ 170 mL dichloromethane (CH2Cb) using the 
Dionex ASE for 15 min/cell at 1500 psi and 80°C followed by ~170 mL acetone 
extraction under the same conditions. 

Since PUF media degrades when extracted with dichloromethane, the PUFs are extracted 
twice with -170 mL of acetone using the Dionex ASE for 15 min/cell at 1500 psi and 
80°C. This method gives good recovery for PAH, aliphatic hydrocarbons (alkanes), 
hopanes and steranes, and polar organic compounds. 

6.3 Treatment of Extracts 

6.3.1 Non-Polar Analysis Only 

Extracts are concentrated to ~ 1ml by rotary evaporation at 35°C under gentle vacuum, 
and filtered through a 0.2 Ilm AnotopTM 10 Whatman leur-lock filter on 4 mL glass 
syringe), rinsing the flask 3 times with 1 ml dichloromethane and acetone (50/50 by 
volume) each time. Filtrate is collected in a 4 mL amber glass vial for a total volume of 
~4 mL. 

Approximately 200 III of acetonitrile is added at this time and the extract is split into two 
fractions. Each fraction is then concentrated using a Pierce Reacti-Therm under a gentle 
stream of ultra-high purity (UHP) nitrogen with a water trap (Chrompack CP-Gas-Clean 
moisture filter 17971) to 100-200 ilL. The final extract volume is adjusted to 100 ilL 
with acetonitrile. 

6.3.2 Polar and Non-Polar Analyses 

Extracts are concentrated to ~ 1ml by rotary evaporation at 35°C under gentle vacuum, 
and filtered through a 0.2 Ilm PTFE disposable filter device (Whatman Pura disc™ 
25TF), rinsing the flask 3 times with 1 ml dichloromethane and acetone (50/50 by 
volume) each time. Filtrate is collected in a 4 mL amber glass vial for a total volume of 
~4mL. 

Approximately 200 III of acetonitrile is added at this time and the extract is split into two 
fractions. Each fraction is then concentrated under a gentle stream of ultra-high purity 
(UHP) nitrogen with hydrocarbon and water traps to 100-200 ilL. The final extract 
volume is adjusted to 100 ilL with acetonitrile. 

6.4 Cleanup of Samples (non-polar analysis) 

For complex samples that contain analytical interference, the following method is used to 
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clean up the sample using silica gel semi-prep Solid Phase Extraction (SPE 6-mL 0.5-g 
LC-SI, Supe1co Silica). 

1.	 Assuming SVOC in 100 ilL acetonitrile, concentrate to 25 ilL and add 251lL 
dichloromethane and 150 ilL hexane. 

2.	 Condition SPE-Silica cartridge with 1.5 mL hexanelbenzene (I: I), followed by 
1.5 mL hexane. 

3.	 Transfer sample into the SPE-Silica cartridge. 
4.	 Elute sample with 1.5 mL hexane, followed by 3 mL hexanelbenzene (I: I) in 

separate 4 mL vials. 
5.	 Concentrate to 100 ilL (only hexane should remain) and transfer to GC vial insert 

and concentrate to 20 ilL. 
6.	 Rinse original vial with 100 ilL dichloromethane and concentrate to 40 ilL 

(hexane/DCM (I: I)) and dilute to total volume of 100 ilL with acetonitrile. 

The hexane fraction contains the non-polar aliphatic hydrocarbons (alkanes), and 
hopanes and steranes, and the hexanelbenzene fraction contains the PAH and N-PAH. 

6.5	 Silylation of Polar Organic Compounds (polar analysis) 

If extracts have been split for polar and non-polar analysis, the fraction for the polar 
analysis is derivatized using a mixture of bis(trimethylsilyl)trifluoroacetamide and 
pyridine·to convert the polar compounds into their trimethylsilyl derivatives for analysis 
of organic acids, cholesterol, sitosterol, and levoglucosan. Depending upon the expected 
range of analytes, it is recommended to split the second fraction into two equal fractions, 
thus providing a second opportunity for a clean silylation reaction. 

I.	 The extract is reduced to a volume of 50 ilL using a Pierce Reacti-Therm under a 
gentle stream of ultra-high purity (UHP) nitrogen with a water trap (Chrompack 
CP-Gas-Clean moisture filter 17971. 

2.	 50 ilL of silylation grade pyridine is added to vial. 
3.	 150 ilL ofbis(trimethylsilyl)trifluoroacetamide is added slowly to each vial and 

immediately capped. 
4.	 The sample is then placed into thermal plates (custom) containing individual vial 

wells with the temperature maintained at 70°C for 3 hours. 
5.	 The samples are then analyzed by GC/MS within 18 hours. 

7.0	 ANALYSIS 

7.1	 Instrument Method 
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The samples are analyzed by the electron impact (EI) GCrMS technique, using a Varian 
CP-3800 gas chromatograph equipped with a 8200 CX Autosampler and interfaced to a 
Vairan Saturn 2000 Ion Trap Mass Spectrometer or Varian CP-3400 gas chromatograph 
with a model CP-8400 Autosampler and interfaced to a Saturn 2000 Ion Trap Mass 
Spectrometer 

Injections are I III in size in the splitless mode onto a 30m long 5% phenylmethylsilicone 
fused silica capillary column (J&W Scientific type DB-5ms): CP-SiI8 Chrompack (30m 
x 0.25mm x 0.25 mm) for PAH, hopanes and steranes, alkanes and polars; and CP-SiI24 
Chrompack (30m x 0.25mm x 0.25 mm) for N-PAH. 

Identification and quantification of the analytes are made by Selected Ion Storage (SIS), 
by monitoring the molecular ions of each analyte and each deuterated analyte. 

7.2 Preparation Stage 

A. The instrument (GCrMS) preparation steps are as follows: 

1) Check for air and water in the system (Ion Time = 100, a total ion current (TIC) 
below 700 is preferred). 

2) Adjust calibration gas pressure for Ion Trap instrument (75% preferred). 
3) Check calibration gas pressure ~ 75%. 
4) Perform autotune for electron multiplier setting, mass calibration, and RF ramp. 

Identification and quantification of the analytes are made by Selected Ion Storage (SIS), 
by monitoring the molecular ions of each analyte and each deuterated analyte. 

7.3 Calibration 

Calibration curves are made by the molecular ion peaks of the analytes using the 
corresponding deuterated species as internal standards. If there is no corresponding 
deuterated species, the one most closely matching in volatility and retention 
characteristics is used. 

National Institute of Standards and Technology (NIST) Standard Reference Material 
(SRM) 1647 (certified PAH), with the addition of the internal standards listed in Section 
6.1.1-6.1.4 and the targeted PAH not present in this mixture, is used to make calibration 
solutions. Six concentration levels for each analyte of interest are employed. Table I 
lists the concentration levels of standard compounds in calibration solutions. The 
calibration curve for each calibrated compound is constructed; Figures I through 6 show 
examples of acceptable calibration curves. After the calibration is completed, a standard 
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solution is injected to perform calibration checks. If deviations from the true values 
exceed ±20%, the calibration procedure is repeated or new calibration levels must be 
prepared. One replicate analysis and one calibration chick is performed for every 10 
injections of samples. If difference between true and measured concentrations exceeds 
±20%, the system is recalibrated. During batch processing, calibration is performed 
before each batch. 

8.0 REPORTING 

Each sample is reported initially in terms of mass per sample (~g/sample). Ambient 
concentrations in terms of mass per volume (i.e., ng/m3 or other units if requested) are 
reported based upon the sample volume adjusted for ambient temperature and pressure, 
or reported as "standard" volume. 

All information for the sample is recorded and combined into both a printed report and an 
Excel file for inclusion in the database (see Appendix). 
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8.1 Method Detection Limits (MDLs) 

Method detection limits are 0.0 1-0.03 ng/~I for PAH, hopane and sterane, and alkane 
compounds, and 0.03-0.04 ngl~1 for polar compounds. 

8.2 Measurement Uncertainty 

Measurement uncertainty is reported as one-sigma standard deviation between replicate 
tests (when 3 tests conducted under same conditions) or the combined root mean square 
of the analytical measurement uncertainty, which is defined by the following equation: 

J(replicate precision *analyte concentration) 2 + (analyte detection limit)2 

This equation incorporates the analyte detection limit for each compound so when 
concentrations approach zero the error is reported as the analyte detection limit. When 
multiple samples are pooled the difference between samples is typically greater than the 
precision of any of the analytical techniques employed. Most data has relatively small 
reported measurement uncertainty's which shows the reproducibility of the samples. 
When larger errors (>30% of reported concentration) are observed, it is typically because 
the concentrations of the analyte were close to the detection limit of the measurements. 
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Table 1. Calibration Levels for PAR analysis (bold compounds co-elute and are 
quantified together) 

Level I Level 2 Level 3 Level 4 Level 5 Level 6 
Compound (ng/uL) (ng/uL)(ng/uL) (ng/uL) (ng/uL) (ng/uL) 
I-ethyInaphthalene 0.359 0.718 1.436 2.873 11.491 45.965 
1,2-dimethylnaphthalene 0.361 0.722 1.444 2.887 11.548 46.193 
1,4-chrysenequinone 0.240 0.479 0.958 1.917 7.667 30.667 
1,6 + 1,3 dimethylnaphthalene 0.719 1.438 2.876 5.753 23.012 92.047 
I,8-dimethyInaphthalene 0.240 0.481 0.962 1.924 7.695 30.781 
I-methylfluorene 0.298 0.596 1.192 2.383 9.533 38.133 
I-methylphenanthrene 0.200 0.400 0.799 1.598 6.392 25.568 
I-methylpyrene 0.240 0.481 0.961 1.922 7.688 30.752 
I-phenylnaphthalene 0.199 0.398 0.796 1.591 6.365 25.461 
2-ethyInaphthalene 0.357 0.714 1.428 2.856 11.424 45.696 
1,4+1,5+2,3-dimenaphlene 1.078 2.156 4.313 8.625 34.501138.005 
2,6-dimethyInaphthalene 0.352 0.704 1.408 2.817 11.267 45.067 
2-methylbiphenyl 0.360 0.720 1.441 2.881 11.525 46.102 
2-methylphenanthrene 0.246 0.492 0.983 1.967 7.867 31.467 
2-phenylnaphthalene 0.358 0.716 1.433 2.866 11.463 45.853 
3,6-dimethyIphenanthrene 0.203 0.406 0.813 1.625 6.500 26.000 
3-methylbiphenyl 0.361 0.721 1.442 2.884 11.537 46.149 
4H-cyclopenta(def)phenanthrene 0.000 0.000 0.000 0.000 0.000 0.000 
4-methylbiphenyl 0.369 0.738 1.475 2.950 11.800 47.200 
4-methyIpyrene 0.240 0.479 0.958 1.917 7.667 30.667 
5+6 methylchrysene 0.559 1.119 2.237 4.475 17.899 71.595 
7-methylbenz(a)anthracene 0.279 0.558 1.1I7 2.233 8.933 35.733 
7-methylbenzo(a)pyrene 0.290 0.579 1.158 2.317 9.267 37.067 
9, 10-dihydrobenzo(a)pyren-7(8H)­
one 0.281 0.561 1.122 2.244 8.976 35.904 
9-anthraldehyde 0.371 0.742 1.483 2.967 11.867 47.467 
9-fluorenone 0.280 0.560 1.120 2.240 8.961 35.845 
9-methylanthracene 0.239 0.479 0.958 1.916 7.663 30.653 
acenaphthene* 0.201 0.402 0.804 1.609 6.435 25.739 
acenaphthenequinone 0.202 0.404 0.808 1.617 6.467 25.867 
acenaphthylene 0.200 0.400 0.800 1.600 6.400 25.600 
anthrone 0.277 0.554 1.108 2.217 8.867 35.467 
BaP* 0.160 0.321 0.642 1.283 5.133 20.533 
benz(a)anthracene* 0.200 0.400 0.799 1.599 6.395 25.579 
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benz(a)anthracene-7,12-dione 0.279 0.558 J.l17 2.233 8.933 35.733 
Level 1Level 2 Level 3 Level 4 Level 5 Level 6 

Compound (ng/uL) (ng/uL) (ng/uL) (ng/uL) (ng/uL) (ng/uL) 
benzanthrone 0.360 0.720 1.440 2.880 11.518 46.073 
anthracene* 0.159 0.319 0.638 1.276 5.103 20.411 
anthraquinone 0.280 0.559 J.l19 2.237 8.949 35.795 
benzo(k*+b+j)f1uoranthene 0.397 0.794 1.587 3.174 12.697 50.789 
benzo(g,h,i)perylene* 0.200 0.400 0.800 1.600 6.401 25.602 
benzo(c)phenanthrene 0.200 0.400 0.800 1.601 6.403 25.613 
benzonaphthothiophene 0.240 0.479 0.958 1.917 7.667 30.667 
BeP* 0.202 0.403 0.807 1.613 6.453 25.813 
chrysene* 0.190 0.379 0.758 1.5 17 6.067 24.267 
coronene* 0.160 0.320 0.640 1.280 5.118 20.474 
dibenz(ah+ac)anthracene 0.323 0.645 1.291 2.582 10.327 41.307 
dibenzofuran 0.278 0.556 1.111 2.223 8.890 35.560 
fluorene 0.241 0.481 0.963 1.925 7.700 30.800 
fluoranthene 0.252 0.503 1.006 2.013 8.050 32.200 
indeno(l,2,3-cd)pyrene 0.161 0.321 0.642 1.284 5.136 20.544 
perinaphthenone 0.279 0.558 1.116 2.232 8.92835.712 
perylene 0.200 0.400 0.800 1.600 6.400 25.600 
phenanthrene* 0.20 I 0.401 0.802 1.604 6.417 25.667 
pyrene* 0.196 0.392 0.783 1.567 6.267 '25.067 
retene 0.277 0.555 1.109 2.219 8.875 35.499 
2,3,5-trimethylnaphthalene 0.199 0.399 0.797 1.594 6.378 25.511 
2,4,5-trimethylnaphthalene 0.277 0.554 1.108 2.217 8.867 35.467 
1,4,5-trimethylnaphthalene 0.239 0.478 0.957 1.914 7.654 30.616 
xanthone 0.240 0.481 0.961 1.923 7.691 30.763 
I-methylnaphthalene 0.361 0.723 1.446 4.338 17.351 69.403 
2,7-dimethylnaphthalene 0.300 0.599 1.198 3.594 14.377 57.507 
bphenyl* 0.360 0.720 1.440 4.319 21.597107.983 
bibenzyl 0.362 0.724 1.448 4.345 21.723108.617 
2-methylnaphthalene 0.430 0.860 1.720 5.160 25.800129.000 
nphthalene* 0.359 0.717 1.435 5.739 34.432206.592 
*deuterated forms of these compounds are added to samples prior to extraction as 
surrogate for quantitation 
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Table 2. Calibration Levels for Hopanes and Steranes Analysis 

Level I Level 2 Level 3 Level 4 
Compound ng/uL ng/uL ng/uL ng/uL ng/uL 
cholestane-d6* 0.750 0.750 0.750 0.750 0.750 
cholestane 0.250 0.500 1.000 2.000 4.000 
17a-21I3(H) Hopane (19) 0.250 0.500 1.000 2.000 4.000 
17~(H)-30-Norhopane (l7a) 0.250 0.500 1.000 2.000 4.000 
17~(H)-2 I I3(H) Hopane (23) 0.250 0.500 1.000 2.000 4.000 
*deuterated forms of these compounds are added to samples prior to 
extraction as surrogate for quantitation 

Table 3. Calibration Levels for Aliphatic Hydrocarbon Analysis (Alkanes), bold 
compounds co-elute and are quantified together 

Level I Level 2 Level 3 Level 4 LevelS Level 6 Level 7 Level 8 

Compound ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL 
2,6, I0­
trimethylundecane_(norfamesane) 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-hepty1cyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
2,6, I0­
trimethyIdodecane_(famesane) 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-tetradecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-pentadecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-octy1cyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-nony1cyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-heptadecane + 2,6,10,14­
tetramethylpentadecane_ 
pristane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-hexadecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
2,6, 10­
trimethyIpentadecane_norpristane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-decy1cyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-undecy lcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-nonadecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-octadecane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

2,6,10,14- 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
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tetramethylhexadecane---'phytane 

Levell Level 2 Level 3 Level 4 Level5 Level 6 Level 7 Level 8 

Compound ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL ug/uL 

n-dodecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-tridecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-tetradecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-heneicosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-eicosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-pentadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-docosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-tricosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-tetracosane-d50* 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-heptadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-octadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-tetracosane* + n­
hexadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-pentacosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
n-nonadecylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-heptacosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-eicosylcyclohexane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-hexacosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 

n-octacosane 0.050 0.500 1.000 100.000 200.000 2.500 5.000 10.000 
*deuterated forms of these compounds are added to samples prior to extraction as surrogate for 
quantitation 

Table 4. Calibration Levels for Polar Organic Compounds Analysis 

Level 1Level 2 Level 3 Level 4 Level 5 Level 6 
Compound ng/uL ng/uL ng/uL ng/uL ng/uL ng/uL 
4-pentenoic 0.323 2.155 6.464 10.773 15.083 18.315 
hexanoic acid 0.300 2.400 7.199 12.960 18.144 21.384 
heptanoic 0.334 2.228 6.685 11.142 15.598 18.941 
me-malonic 0.321 2.570 7.710 12.850 17.990 21.203 
guaiacol 0.268 2.680 7.370 15.075 20.100 25.125 
benzoic acid 0.300 2.400 7.199 12.960 18.144 21.384 
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octanoic 0.314 2.091 6.272 10.453 14.635 17.771 
glycerol 0.348 2.320 6.960 11.600 16.240 19.720 

Level 1Level 2 Level 3 Level 4 Level 5 Level 6 
Compound ng/uL ng/uL ng/uL ng/uL ng/uL ng/uL 
maleic 0.328 2.620 7.860 13.100 18.340 21.615 
succinic acid 0.300 2.400 7.199 12.960 17.820 21.060 
4-methyIguaiacol 0.385 3.851 10.591 21.664 28.885 36.106 
methylsuccinic acid 0.300 2.400 7.199 12.960 17.820 21.060 
o-toluic 0.313 2.500 7.500 12.500 17.500 20.625 
picolinic acid 0.300 2.400 7.199 12.960 18.144 21.384 
m-tolic 0.327 2.613 7.840 13.067 18.293 21.560 
1,2,4-butanetriol 0.300 2.400 7.199 12.960 18.144 21.384 
nonanoic 0.318 2.120 6.360 10.600 14.840 18.020 
p-toluic 0.169 1.128 3.384 5.640 7.896 9.588 
3-methyIpicolinic 0.321 2.568 7.704 12.840 17.976 21.186 
6-methyIpicolinic 0.319 2.550 7.650 12.750 17.850 21.038 
2,6-dimethylbenzoic 0.269 2.150 6.450 10.750 15.050 17.738 
4-ethyIguaiacoI 0.260 2.598 7.146 14.616 19.488 24.360 
syringol 0.266 2.655 7.301 14.934 19.913 24.891 
glutaric acid 0.300 2.400 7.199 12.960 17.820 21.060 
2-methylglutaric 0.319 2.550 7.650 12.750 17.85021.038 
2,5-dimethylbenzoic 0.260 2.080 6.240 10.400 14.560 17.160 
3-methylglutaric 0.261 2.085 6.256 10.427 14.597 17.204 
2,4-dimethylbenzoic 0.263 2.100 6.300 10.500 14.700 17.325 
3,5-dimethylbenzoic 0.256 2.050 6.150 10.250 14.350 16.913 
2,3-dimethylbenzoic 0.272 2.172 6.516 10.860 15.204 17.919 
n-decanoic acid 0.300 2.400 7.199 12.960 17.82021.060 
4-ally19uaiacol 0.284 2.843 7.817 15.990 21.320 26.650 
4-methylsyringol 0.283 2.832 7.788 15.930 21.240 26.550 
3,4-dimethylbenzoic 0.269 2.153 6.460 10.767 15.073 17.765 
adipic acid 0.300 2.400 7.199 12.960 17.82021.060 
t-2-decenoic 0.318 2.123 6.368 10.613 14.859 18.043 
cis-pinoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
3-methyladipic 0.328 2.623 7.868 13.113 18.359 21.637 
4-formy 19uaiacol 0.283 2.832 7.788 15.930 21.240 26.550 
undecanoic 0.315 2.523 7.570 12.617 17.663 20.818 
isoeugenol 0.300 3.000 8.250 16.875 22.500 28.125 
pimelic acid 0.300 2.400 7.199 12.960 17.820 21.060 
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acetovanillone 0.266 2.655 7.301 14.934 19.913 24.891 
lauric acid 0.300 2.400 7.199 12.960 17.820 21.060 

Level 1Level 2 Level 3 Level 4 Level 5 Level 6 
Compound ng/uL ng/uL ng/uL ng/uL ng/uL ng/uL 
phthalic acid 0.300 2.400 7.199 12.960 17.820 21.060 
levoglucosan 0.300 2.400 7.199 12.960 18.144 21.384 
syringaldehyde 0.266 2.655 7.301 14.934 19.913 24.891 
tridecanoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
suberic acid 0.300 2.400 7.199 12.960 17.820 21.060 
isophthalic acid 0.300 2.400 7.199 12.960 17.820 21.060 
azelaic acid 0.300 2.400 7.199 12.960 17.820 21.060 
myristoleic 0.307 2.046 6.138 10.230 14.322 17.391 
myristic acid 0.300 2.400 7.199 12.960 17.820 21.060 
sebacic 0.165 1.098 3.294 5.489 7.685 9.332 
pentadecanoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
undecanedioic 0.165 1.099 3.296 5.493 7.691 9.339 
palmitoleic 0.318 2.120 6.360 10.600 14.840 18.020 
palmitic acid 0.300 2.400 7.199 12.960 18.144 21.384 
isostearic 0.312 2.080 6.240 10.400 14.560 17.680 
dodecanedioic acid 0.165 1.099 3.296 5.493 7.691 9.339 
heptadecanoic 0.323 2.585 7.756 12.927 18.097 21.329 
1,11­
undecanedicarboxilic 0.171 1.141 3.424 5.707 7.989 9.701 
oleic acid 0.300 2.400 7.199 12.960 18.144 21.384 
elaidic acid 0.300 2.400 7.199 12.960 17.820 21.060 
stearic acid 0.300 2.400 7.199 12.960 18.144 21.384 
1,12-dodecanedioic 0.166 1.105 3.315 5.525 7.735 9.393 
nonadecanoic acid 0.300 2.400 7.199 12.960 17.82021.060 
dehydroabietic acid 0.300 2.400 7.199 12.960 17.820 21.060 
eicosanoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
pentadecanedioic acid 0.166 1.1 05 3.315 5.525 7.735 9.393 
abietic acid 0.300 2.400 7.199 12.960 18.144 21.384 
heneicosanoic acid 0.300 2.400 7.199 12.960 17.82021.060 
docosanoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
tricosanoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
tetracosanoic acid 0.300 2.400 7.199 12.960 17.820 21.060 
cholesterol 0.750 5.999 17.998 32.400 44.550 52.650 
b-sitosterol 0.750 5.999 17.998 32.400 44.550 52.650 
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APPENDIX 

SVOC Program Information 

I. Before Running 

A. Each project must be listed in the database "H:\dbyrg\oalproj.dbf.". Fill in the 
following columns: 

Column Value 
NUM Use the next number in sequence 
PRO] NAME A short description you will recognize 
PROJ CODE The two-digit project code MUST be unique 
ROOT DIR The directory where the project data are stored 
STATUS "c" for current, or "0" for old 
SVOC enter 1 to run the SVOC programs, 0 otherwise. 

B. For each project, there is a list of target compounds for analysis. This list is in the 
directory "H:\db_calib\svoc\" and it is called AAcmpd.dbf, where AA is the project code in the 
oalproj.dbf database. In this same directory is a database called "Template.dbf' which is a 
template you can copy to make the new ones. The fields you must fill in are: 

Column Description 
Field Name The mnemonic for the PAH or PAH uncert. 
Field_Type ignore this 
Field Len ignore this 
Field Dec ignore this 
Compound The long name for the compounds only, enter 

nothing for uncert. This MUST exactly match the 
way it is in the mass spec calibration file. 

Type Enter "c" for a compound, nothing for uncert. 

C. If you intend to import GCMS data, you must use Lantastic to attach the GCIMS 
computer's c: (hard) drive to a drive on the local machine. 

II. Running 

A. Run the genbatch program and follow inputs. 
B. IF this is the first time you have worked on this project, you must first run the option "N" 
which creates a new set of files. This will make the files you will need. 
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C. You now can quit the programs and enter samples into the' lab' database. This is the 
database the import program uses to determine what to import. 
D. If the sample is run diluted, that file name and process status are also noted. When there 
is no diluted sample, just leave the name blank and set the dil_f---.proc bit to zero. After the 
samples are imported, the program automatically enters a 2 for the proc bit. 

Column Description 
PID Standard 10 
XMSFLAG Mass Spec flag 
F NAME Mass Spec file name for main analysis 
F PROC Process bit for main (O=do nothing, I= import 

normally, 2=import done). 
OIL F NAME Mass Spec file name for diluted analysis (if done) 
OIL F PROC Process bit for diluted (O=do nothing, I = import 

normally, 2=import done). 
SAMPLNO Sample number 
LOT Lot numbers 
ANALDATE Date of analysis 
COMMENTS Notes 

E. Once the import is done, AND the field data have been entered, you may continue with 
the rest of the processing, simply by following the sequence. 

F. For the first batch of any project, the menu looks like: 

** FILE CREATING FOR BATH 1 ONLY ** 
N FOR Creating New Project Files 
6 FOR Importing XMS data. 

** Copying files from current Batch \data to \report 
3 FOR Copying Field data. 
4 FOR Copying analysis (xms) data. 

** Continue Processing Field 
5 FOR Processing Field data file. 

** Continue Processing Analysis (xms) file. 
7 FOR Running REP. 
8 FOR Merge FLD and XMS files to CHM file. 
9 FOR Calculate blank values and blank uncertainty. 
10 FOR Convert chm file to con file (ug/m3

). 

Simply follow the sequence through. Note, before going to Step 3 and beyond, you must first 
make sure the field and xms data are all input. 
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III. Continuing a Project: Batch 2 and Following. 

A. The menu for batch 2 and following looks like: 

** Copying files from previous Batch \report to current \data directories 
1 FOR Copying Field data from Batch (prev) to (current). 
2 FOR Copying analysis (xms) and LAB data from Batch (prev) to (current). 
6 FOR Importing XMS data. 

** Copying files from current Batch \data to \report 
3 FOR Copying Field data. 
4 FOR Copying analysis (xms) data. 

** Continue Processing Field 
5 FOR Processing Field data file. 

** Continue Processing Analysis (xms) file. 
7 FOR Running REP. 
S FOR Merge FLD and XMS files to CHM file. 
9 FOR Calculate blank values and blank uncertainty. 
10 FOR Convert chm file to con file (ug/m3

). 

This is basically the same as before, except you simply want to copy the previous Field, 
lab and xms files. 

SVOC2 - The Sequel 

Background 
We have to analyze for more than just the PAH species, so a second processing program 

has been written. This program follows the PAH analysis program sequence with a number of 
exceptions. 

Exceptions 
The second SVOC program uses the same lab and field files as the regular program and 

thus these need to be finished at the same time. 
The option exists in this program to define which compounds will be imported from the 

regular samples and which from diluted ones. This must be the same for all compounds in a 
project, although some adjustments can be made if necessary. In any case, all compounds must 
be imported the first pass through and then a sub-group can be imported from a second (called 
diluted) on file. 

Everything is case sensitive, especially the compound names. 

Steps 
1. Tell the Data Processing Manager which projects need this so the OALProj database 
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and the other necessary files can be updated. 
2.	 Update the compound list file. This file is project-specific and it is located in the 

H:\db_calib\svoc\ directory in the general form xx2cmpd.dbf, where xx is the project 
code. The template is nt2cmpd.dbf. This needs to be filled out in the following 
format: 

Field_name This is the mnemonic that will become the field name. Each compound 
must be followed by its associated uncertainty, just as in the example. 

Field_type Leave alone 
Field len Leave alone 
Field dec Leave alone 
Compound For the compound only (not the uncert.), insert the compound 

name EXACTLY as it is in the HP GC/MS calibration file. If this is not spelled 
EXACTLY as it is in the calibration file on the HP GC/MS nothing will work. Do 
not put in anything for the uncertainties. 

Type Put in "c" for compounds, nothing for uncertainties. EVERY compound in the 
list MUST have a "c" in this field. 

Oil Put in "d" for compounds that will be imported from diluted files, nothing 
otherwise. 

3.	 Update the Lab database. There are five new fields in the lab database for the second 
SVOC files. These are: 
F2_name Mass spec file name for primary analysis 
F2-'proc Process status for above (I = ready to import, 2= done) 
Oil t2 nam MS file name for diluted run 
Dil_t2-.pro Process status for above (1= ready to import, 2= done) 
Date2 Analysis date for second compound list. 
This should follow the conventions used in the normal data processing for PAH 
species. 

4.	 Do genbatch and follow the instructions. When you select a project you will be 
prompted to select either SVOC or Additional SVOC compounds. Selecting the latter 
(option 7) will take you to the SVOC2 programs. First use the "N" option to build 
new files and then continue by importing the mass spec data and continuing the 
processing. This will create XM2 (the raw mass spec data), the CH2 file, and the 
CN2 (ng/m3) file. 
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I INfRODUcnON 

I The first article of this issue is by Rick McKelvey of the Canadian Wildlife 
Service. Rick 'summarizes the oiled-bird pr-oblem and gives details on how to build a 
portable hot-water system for cleaning birds. The second article summarizes spill 

I 
statistics for Atlantic Canada over the past fourteen years. The trends and significant 
occurrences are reviewed. 

The third article is by Merv Fingas and Ed Tennyson who review their joint 

I U.S. and Canadian project to evaluate Elastol and Demoussifier, two new spill treating 
agents. Both agents functioned well over a series of tests ranging from laboratory to 
large field seale. 
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I EVALUAnoN OF TWO NEW OIL SPILL CHEMICAL ADDITIVES: ELASTOL AND 
DEMOUSSIFIER 

I Submitted by: Merv Fingas 
Environment Canada· 
Ottawa, Ontario 

I Ed Tennyson 
u.s. Minerals Management Service 
Reston, Virginia 

I 
Introduction 

I A new oil spill treating agent, Elastol, has been developed for enhancing the 
recovery potential of oil. When added to oil, the powder renders oil visco-elastic making 
it adhesive to oil spill recovery equipment. Elastol is composed of a non-toxic polymer,

I polyisobutylene and is hydrophobic and not water soluble. A major study was undertaken 

I 
jointly by the U.S. Minerals Management Service and Environment Canada to evaluate this 
new spill additive. Laboratory testing was done and studies were conducted in large-scale 
test tanks and in a major field exercise off Canada1s east coast. 

I 
At the same time, another new spill treating agent, demoussifier, was tested 

in large outdoor tanks and at sea. This product, which also consists of a mixture of long­
chain polymers which have no measurable toxicity to humans or to aquatic life, was 
developed at Environment Canada's River Road Labs. The product breaks up water-in-oil 
emulsions and prevents their formation.

I Laboratory Tes1ing of Elastol 

I 
I The laboratory work on Elastol involved several different tests. The effect on 

a suite of different oils was determined by measuring the time to initiate change and the 
degree of elasticity formed. These oils 'included: Prudhoe Bay, Alberta Sweet Mix Blend, 
Norman Wells, Bent Horn, Hibernia, Tarsiut, Atkinson, Amauligak crudes, diesel fuel and a 
Bunker C mix. All oils displayed viscoeleastic properties when treated with doses of 

I 
600 to 6000 ppm Elastol. In general, more viscous oils tended to attain a higher degree of 
elasticity than non-viscous oils, but did so over a longer period of time. No simple 
correlation could be established between an oil property and Elastol effectiveness. 
Elastol effectiveness is enhanced by mixing and by higher temperatures, although the 
latter may be the effect of decreasing oil viscosity. 

I Under low mixing energy conditions, oils exhibited some degree of elasticity 

I 
within 15 minutes of Elastol application. A high degree of elasticity was not observed 
until after one hour. Less viscous oils took less time to reach maximum elasticity and 
viscous oils more time. If left to weather, Elastol-treated oil became more elastic with 

I 
the increasing viscosity of the oil. In fact, some samples left for 30-day periods became 
elastic as rubber bands sold for stationery purposes. This effect has been ascribed to the 
effect of the increasing viscosity of the oil with weathering (evaporation) and not the 
progressive reaction of the Elastol. 
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I Elastol causes a minor reduction in the rate of oil evaporation, but not 

I 
significant enough to reduce its flash point. Elastol reduces slick spreading to a limited 
degree, especially at high cOncentrations. This effect, about 20%, is not believed to have 
a significant useful benefit by itself in real applications. When E1asto1 is applied in very 
large doses, >I%, the slick would actually contract somewhat, but again, the effect would 
not be beneficial in a field situation. 

I The addition of Elastol either had no effect or an inhibiting effect on the 

I 
formation of water-in-oil emulsions, except in the case of the Amauligak and Tarsiut oils 
from the Beaufort Sea region. In two cases, the application of Elastol to emulsified oil 
actually led to measurable de-emulsification. Application of Elastol to stable water-in-oil 

I 
emulsions sometimes had little effect. Testing with commercial de-emulsifiers and the 
Environment Canada "demoussifier", showed that Elastol had no effect on the operation of 
these chemicals and that they could be used together. 

Elastol reduces chemical dispersant effectiveness by as much as one order of 
magnitude. Elastol also reduces natural dispersion of oil into water by as much as three

I orders of magnitude. This property, while superficially appearing negative, is actually 
quite useful. If Elastol was used in situations where the aquatic life is very sensitive and 
important, it could reduce water concentrations of the oil in the water to threshold levels. 

I 
I Elasticity was measured using a die swell apparatus in which oil is pushed 

through a small opening and the fluid responds by swelling to a size corresponding to its 
elasticity. This is measured by photographing the swell, measuring it with a vernier 
caliper and comparing untreated versus treated oil to yield a ratio which is described as 

I 
"elasticity" in this paper. The instrument displayed good sensitivity to polymer 
concentration and to the degree of observed elasticity. This instrument could also be used 
in field conditions and is relatively insensitive to debris and water in the oil. 

Tank Scale Testing of Elastol and Demoussifier 

I An application device was developed for each of the two products, as 
commercial devices do not exist for delivering treatments at the low ratios required. 
Elastol would be tested at 500 to 5000 ppm and demoussifier would be tested at 150 to

I 2000 ppm. A search of commercial devices revealed that nothing suitable was available 

I 
off-the-shelf but that sandblaster-type equipment could be satisfactorily modified. A 
commercial blaster (Sears) was modified so that it could spray low quantities. One 
modification was necessary for the solid Elastol, and another for the liquid demoussifier. 
The modified applicator was tested on each product to ensure that uniform spacial 
distribution was achieved and that application rates could be controlled over the 
necessary range by adjusting the air pressure when applying the product from a boat

I travelling at approximately 3 knots. A series of test tank runs were performed to ensure 

I 
that results obtained previously with hand distribution techniques and with pre-mixing 
were duplicated with the new applicators. Success was achieved in all cases, and no 
detrimental effects. were observed during application of either product, such as herding 
and other phenomena that have decreased the field effectiveness of dispersants so 
dramatically (Bobra et al., 1988). 

I 
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Part of this study involved large-scale tank testing of both products using the 
Esso tank in Calgary, Alberta. The tank measures 15 x 19 m with a depth of 0.8 to 2 m. 
Two test days were devoted to demoussifier and two to Elastol. Testing was performed in 
two boomed areas inside the tank. This permitted the simultaneous testing of a control 
and a treated slick under identical conditions. The demoussifier prevented the formation 
of water-in-oil emUlsions on both test days and did so at ratios as low as 1:2000 (500 ppm). 

Elastol was added to a· test crude oil at 4000 ppm and the test slick was 
released several hours later when the oil was highly elastic. Despite this high elasticity, 
the oil was not thick enough to burn. The oil was recovered by a rotating disk skimmer 
and the effect of Elastol was to increase the recovery rate of this unit significantly. In 
fact, the pump could not keep pace with all the oil being recovered. On the fourth day of 
testing, crude oil was treated with 2000 ppm of Elastol and recovered with a skimmer. 
The recovery rate was again high and exceeded the capacity of the pump to remove it. 
On this particular day, the oil in the untreated boom had formed an emulsion. This was 
treated with demoussifier as was the Elastol-treated slick. The demoussifier broke the 
emUlsion in the untreated slick and no emulsion formed in the treated slick, nor were any 
other effects noted. During the first two trial days, the use of demoussifier reduced the 
effectiveness of the recovery operation significantly. It was concluded, therefore, that on 
a preliminary basis, demoussifierand Elastol could be used together to enhance recovery 
and eliminate emulsion. 

The tank scale tests showed that there were no scaling effects for either the 
Elastol or the demoussifier. Both products worked well for the intended purpose. Elastol 
increased the visco-elastic ty of the oil and. greatly increased the recovery by the oil 
skimmer. Elastol, however, did not reduce the spreading or increase the thickness of the 
slick sufficiently to allow in-situ burning. Demoussifier prevented the formation of 
water-in-oil emulsion and also broke emulsion already formed. Although demoussifier 
causes the oil to be less adhesive and lowers the recovery rate of skimmers, the two 
products can be applied together to achieve positive results. 

Large-scale Field Testing 

The tests conducted in the tank were repeated on five-barrel slicks during a 
field trial 50 miles offshore of Nova Scotia (Seakem, 1988). Five slicks were laid for each 
of the products and each product was tested both premixed and by application-at-sea, to 
confirm that application effects were not a factor. The treatments and results of the 
trial are summarized in Table 1. 

The demoussifier trials were performed by laying down a five-barrel oil slick, 
treating it with the product at the specified ratio, taking samples at subsequent intervals 
and measuring the water content and the viscosity. One slick was left untreated 
throughout as a control and another slick'was left to form mousse (water-in-oil emulsion) 
and then treated at the 240-minute interval to test the demoussifier's ability to break 
emulsion at sea. As can be seen by dramatic reduction in viscosity (105 000 to 22 600 cSt; 
1050 to 226 cm2/s) over the 3D-minute period between samples, the product worked well 
in breaking up the emulsion. 

The product also worked well over the five-hour test period to prevent the 
formation of emulsions. This is illustrated in Figure 1 which also shows that there is a 
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TABLE I TR~TMENTS AND RESULTS OF TRIALS 

Sample I Sample 2 

Treatment nme ViscO$ity !later Time ViscO$hy Water 
Trial. Slid< (ppm) (min.) (cSt!· . Content Elasticity CommentsElallidty Comment>Content(cSt)' 

-------------------------------- ­
(min.) 

1000 60 10000 &4'l6 No mousse lOG 14 2S0 9ll'lf> No mousse 
fonned noted 

2S0 2700 SiJ... No mousse 300 62 2S0 9l'l6 Nol1'\OUJ.5C 
formed noted 

control 
post-'<OOO 

60 
60 

6 )SO 
2200 

U'lI> 
7291; 

H....vy rn<xwe 
Moderate mousse 

270 
pre-240 

)20 000 
10' 000 

9S... 
90'l6 

Heavy mouue 
Heavy mousse 

post-270 22 600 71'l6 Tre.t~nt broke 
mOUsse 

l""e-1000 970 )2'l6 Nomouue 2&0 sa SOO aO'l6 No mousse 
formed formed 

EllIS'ol )000 IJO 29 )CO I.)) Moderately no JOO 000 J. )S Highly elastic 
ela.stic 

1000 )2 2S0 1.2& Low elastidty 2aO 221 000 I.)) Moderately 
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strong correlation between the viscosity and the amount of treatment. The greater the
 
. treatment, the less the viscosity, because of the lesser water content. The water content
 
was universally high, even in those slicks that visibly did not form water-in-oil emulsions.
 

•
Although water content is indicative of the formation of water-in-oil emulsification, the 
stability of the emulsion would have to be determined because the unstable emulsions lost 
water slowly. The water content of the slicks is interesting in that all the slicks laid over 
the two day test period rapidly took up water, including those slicks that were treated 

- I with Elastol. This was noted despite the fact that the oil viscosity was higher, although 
1 not as high as that expected from an emulsion, and the oil did not have the appearance of 

an emulsion. The appearance of the unemulsified oil is also significant, the water droplets 
were often of sufficient size to be seen. An emulsion is reddish-brown in colour, has a 
high viscosity and the water droplets are too small to be seen. -

The Elastol tests were performed in an analogous manner, with one control 
slick laid and one slick being pretreated to test the effect of at-sea treatment. The slicks 
were sampled periodically, and both viscosity and elastiCity were measured immediately 
on board the ship. ~ 

I 
i The high elasticity of the treated slicks was significantly higher than that of 

the untreated slicks and corresponded to that experienced in the laboratory, in fact, as 
shown in Figure 2, it actually exceeded laboratory results at the higher doses. This 
unexpected result is probably due to the better mixing achieved in the field situation. 
Interestingly, the dose and elasticity in the field appear to be linear, a phen menan that 
had not been noted previously.~ 

H The elasticity o'f the oil was sufficient to cause stringing of the oduct when 

I samples were recovered. This is indicative of a very high state of elastici and would 

I 
result in high oil recovery rates if a skimmer was used. The elasticity ap ared to be 

f; uniform throughout the slicks despite the typical uneven distribution of trea ng agent at 
sea. 
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I . 
I FIGURE I THE EFFECT OF DEMOUSSIFIER APPLICATION ON VISCOSITY 

The slicks were monitored by a remote sensing aircraft, but the analysis of I I slick areas was not complete at the time of writing. Slicks treated with Elastol, however, 
appeared to be smaller to shipboard observers and the size of the slick appeared to 
correlate well with the amount of Elastol. In fact, one was able to distinguish slicks by 
their size, with the 9 OOO-ppm-treated slick being the smallest.I I 
Summary and Conclusions 

I I 1.	 Elastol functioned well in the laboratory, test tank and in field situations; it caused 
oil to become viscoelastic in all applications. 

2.	 Elastol is able to float with and mix with oil so that application is not critical as itI I 
is with dispersants. 

3.	 Demoussifier has the same application insensitivity as Elastol.I I 
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4. The effects of Elastol improves oil skimmer recovery. 

I 5. Elastol .r.etards slick spreading; however, this effect, for physical reasons, is not 
sufficient for countermeasures purposes such as in-situ burning of oil on water. 

I 6. The demoussifier prevented emulsiQn in the test slicks over the five-hour test 
period. 

I 
7. The demoussifier broke water-in-oil emulsions in 10 to 15 seconds after application. 

8.	 Results of field application such as herding and loss of effectiveness, seen with 
dispersants, were not noted at all with either product. 

I 
I 9. Water content is not a good indicator of mousse formation as all slicks at the 

offshore trial accumulated a large amount of water. Stable mousse formation is 
indicated by a stable water content, small water droplet size, red colouring and a 
very high viscosity. .. 

I
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 FIGURE 2 ELASTICITY OF OILS AFTER ELASTOL TREATMENT
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MEMORANDUM 

TO: All 

FROM: AI Hadermann 

DATE: July 7,1992 

SUBJECT: Elastoi and Corals and Seagrasses (with fOotnote) 

Anitra Thorhaug* has tested EJastol powder and various weathered oils for toxicity to 
seagrasses and corals. Tests were conducted on species in 50 gallon glass tanks 
containing 100,000 ml of seawater. Tests were run at 0.00125%, 0.0075% and 0.01235% . 
oil, i.e., approximately 1.25 ml, 7.5 ml and 12.5 ml. When Elastol was added it was 
used at 10 mg, or 0.010 g. This corresponds to treatment concentrations of 
approximately 8,000, 1,333 and 800 ppm for 1.25 ml, 7.5 ml, and 12.5 ml of oil, 
respectively. Although the Elastol was not used as a slurry, and overtreatment obviously 
occurred at the 12.5 ppm 011 level. the results showed that Elastol treatment reduced the 
toxicity of the oil. 

The exposure times to oil and oil and Elastol were 6 and 10 hours for coral and
 
seagrasses, and 10 hours for mangroves. Agitation was provided by air bubbling. The
 
seawater was replaced after the incubation (exposure) time.
 

Dr. Thorhaug reported that 

"The corals continued with their polyp feeding pattems with the Elastol-oil mixture
 
in the tank. This was an extraordinary result compared to the other compounds used
 
in the test which were a variety of dispersed-oil products.'
 

"The quantitative data for the various concentrations and various oils show that the 
oil plus the Elastol at concentrations at 125 ppm were appreciably less toxic than oil 
alone for corals and- seagrasses.' 

Since o~ alone at 125 ppm did not affect mangroves, no basis for improvement with 
Elastolwas seen. 

In Summary, Dr. Thomaug states: 

"The toxicity of oil alone was definitely greater than the Elastol treatments in almost 
all the concentrations tested.' 

*Anitra Thorhaug is a researcher at Florida International University, P.O. Box 490559, 
Miami, FL 33149. 



'BI.AS'rOSOL,an oil spill control agentl Toxioity etteots on tropical and 
subtrOpical ..a~s, coral., fiah.and lII4J\qroves. 

Barbara cuby/lUohard Reese GeOrt/e S:L<fr'aJc.nitra TborlJaug ­
~lorJ.da IDtitnlatfoJlel utdv Ofteot DIluter preparea. Bot4ny DeputJl&nt 
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The toxioity -of other than dispersant oil spill control aq-nts 
(soHcUtiers, gels, aorbent and biare_ediation aqents) tor -oleaninq 011 
spill. has r~iv.d very little attention (NRC, 1989; Thorhauq, 19911 
%HO, 1991). This b -the be9inninq of an attempt to qive the sa.. 
atteDtion- to the toxioity of these products to critical 
tropioal/subtropical utrix orqanise and fisheries species. 

The produotelast0601 contains polylsobuylene and an ol-eophil1e 
surtaotant:. AlthO\l9h it 111 proprietary, it has underqone ch••ioal 
analyaia _andtlelcS t:e.tinq,(Finqas, 1989; Boora5, 1981.'b, 1988a1b, 
PinciBs . and Tenny_on, 1988).- II wide variety of crude oi1.~ae 
elast-lohed withinU5 ainutee IIOre-or-less atter elaatoaol treat.llent. 
Tbde "ere r-eta1ned in ~liditied con12ition up to 30 day. with 
viscoelastic properUes ·aaintained over this t:be period. '11le properties 
appear to be tbat: slicks are prevented fro. spreading and ell" be picked 
up by sUaer. effiaiently. Wltll sensitive ecosysteM, the ajor use of 
elastolol -clearly will ~ relatively small oonflnedspl1ls probably at 
ports, .-rina.,oil refineri•• or in ba.ys or estua.ries. 'l'bua,the 
tolerance of critical habitat orqanisas to elsllItosOl is iaportant. ~_ 

KBl'IIODS; 

'1'OX1cJ.ty .wcu_ 
Laboratory In,,..U9411tiorw. standardized procedures used by the U.S. 
Enviro11ll8lltal PrOtection Aqency (EPA) and various agencies (FAO, WESCO, 
UNBP) for teetinq tropical Rtrb orgclInislls were ••ployed 80' that 
1Itandarc1bedt.st re.ults could be produoed. Tbe hope we. to coapare 
r"ultavitb teaperou re.ulte, along with OHEP European (!laper.ad-g!l
tox101ty da1;4l. 

. ,~.~-
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I Table 1. Elastosolcoliee.n~atlonBversus toxicity of S8ll9rasses, oorllls and IDan<Jroves. 7 to 12 specu*D.1
I at each concentration per treat:lllent.
! 
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Select10n o~ crl~1cal matrix orqanl... tor tropical .horeline. v.. • 
cboie- ba.ed on (1) importance to the food web, (2) ra.te anci cUtfieu1.t.y 
ot repla.cement. once <1eeiaa.tecl, () shoreline at:ebillsation 
charaoterl.tica, and (4) usefulnese to the nation Cfiaheri•• , touri••). 
Local expert_ such as Jere.y WoOdley, director of the Di.covery. Bay 
KariM Laboratory and pre••inent Jaaaioan coral reet expert, were ulted 
to choo.e indicator species tor the project. 

stan4ardlzation lllIlOng techniqu.. tor various groups va.. atte.pted .0 
thlit the r ..ulttl ot each group ooulCS be ooapared. 'l'hU8, the standardiZed 
portion will be explained ~ir.t. 

Labora1:ory oonlUtions. The prooedure was desoribed in c2etal1 by Thorhaug 
and Xarcus (1985). Fifty-qal1on 91a8. aquaria .ere used in out-of-door 
condition. (such as fluctuating Uqht, temparatures, and runninq water) 
and I exoept for the aanCJroves a.nd s.agrasse., ".re protected -fro. rain 
aJJI2 wind. Te.peratures ranged trom 26' to 30'C, "ith fluctuation ot i"e 
:t 0.5'0. seavat:.er ranqed trOll 30'" to 33' (exoept ror the _rKJr0ves). J:n 
Maqra.... , "three inches o~ beach sand vas at the bottoa. Coral.. tanka 
were bare. Por 88&91'0.88",· a 1l1niau. ot 15 blade qroups ot each speci.. 
vsa plaoed 1n each 1:4n)( (1 tank p4tr tr4t8t!1ant). Great care was taktnin 
transport and holdinq oonditions tor the coral and unqrove specl..n•. 
'1'1.. tor .1librat:ion of spec!Hn. WClS allowed. 100,000 co ot a.anter 
.s plaoed in eaoh tre.bllent. 

tabqratory procedUres. Oil-only ~as atreat.ent in eaeh set. Ti.. to~ 
.,.ath.x-ing or oil was 24 hours at 2S'C in shallow pl••tic pana. The 
con~rol tanlt wa.s handlec2 exactly th..... a. treataente. The ai.perwant 
va. applied to oU tloatinq on the tanlt surtace with 1 ainate o~ 
vigoroua st1rrinq. Tbe dispersed oUroraed a brown cloud of tr••­
floating uter1al, visually hOlilOgeneoue throughout -the tank (d.epended 
SOJI8Vhat on ooncentration and dispersant). 'I'he coral and seagrllsses wen 
not touching the 011 tloaUng on the top; the 1I41lgrovea were 1n conta t 
on the bark. All spec!••n...ere in oontact vi.... the d1- C 

~t spersant~.e. 

Th. aYPllcation or elasto8ol was 12 !i i -
oil v th 10 It9 (1 paoJcaqe) of ela~tdllolPPJI 1, 75 PPII oil and 12~ PPIIThO 
10 hours for eoralll anCS s.aqra8...· e exposure ti... were 6 and 
treatQnt: "a. l_ecHately relllOv4<1 and'"th10 hour. tor lUngrov... The 
aU u-eabMl\u. . '. water Cloeuted 1Ul\1 Cbangea 1n 

'!'be .~i••na were ineubatod up 1:0 1
 

;::~~-~b::~ih Th:e~~ervation pe:l~Q~cl::lda:::9l''':1 and 9
 
n~t'ed. 'l'he•• wer~ grad':8;~~ Jiac1 lYOUlkJ· qreen bIe!!" °ia ~eekly 
o er aorbldly syaptoas C seo oration spot:ti 99-.. and 
browninl1, wilted POl~ o%'&ls were qrac1ed bYbl 1\9, wiltlnq and 
Hanqrove. were grad ,- _Qxtrut:t6(1 POlyps a eacbinq, apotting 
d18coloret1on, leaf ~Ol~ttellf drop, t"i~ d~p IlUCOus seereUon: 
8Y11ptou Of IIOrtllli ty and ill 011, leat spot. and' 1 root de.llt:h Ind 
°r'9llni... were d . ness Iller.. JIUld etl.t "ilt '!'bI 

but ot IIOrt.litf- ed. T'he tllbles IIbOW1J19 ethquantitative by .xp.;rt ese 
. e resalt.s are not ot :4!t:~ 

.... 
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Morpboloqico.llY, the results ot elaato80l incluc!ed t.he otls~at.ion that 
the cfll flowing on the surface ot the tank. within a few. ainutell Of 
treatMnt with elastosol congealed into 10ft9 lines. There appeued to be 
no tU. on the qlcuis sidea ot the aquaria or on the ~ter. '!'he Ilixtur. 
ot ela.~ol ond oil wae complete. 

There _re a .eries ot biologioal and lIOrpbo1oqJ..c:al obBerva~ion•• 

1) 'l'tM corals continued with their polfP teedinq pattern. with .the 
elastofol~ll .ixture 1n the tank. This va. an extraordinary r ..ult. 
coapared to the other colftpounds used in the test Which were a variety or 
di~"e4-oil produot•• Color and vigor of the polyps ot' all _p.o1.. wall 

retained. 
2) 'lb••la.t08ol hod no apparent ef~eot on seaqra.. or .llnqrove vl90r 
or oolQt'. 

Th. quantitative data for the various concentration. and various oil. 
show tb.t the oil plUS the elastosol at conoentrations of laS ppa w.re 
appreciably lea8 toxio than 011 alone tor coral.· and ••aqJ:',....... 
Nan<)rOV" bad no etfect: tro. eluto.ol. 011' alone did nQt atr~t 
.an~v.. .t the.. concentrations. coralll were the most .ensitive to 
oil. Th. recponse of decreased toxioity by appliaationot elastosol 1• 
...n cSralllltiaally at 125 pp. 011 in. corals where the control bad • 
htqber lIOl"tal1ty than the oil plua the elaatoGol. The manqrove. were tar 
lIOr. tOl.rantot oil, plus oil and clean-up product or any k1nd than 
vere lI.a9~"". or corals. 

Th. h.rder or .olidltler Elastosol does not appear to have .-rked to~o 
.tfect. on the tropical/subtropical ..trix organisaa .tudied, ev.n at 
hiqh conc.ntrations. oil alone at the hiqh.r conc.ntrations doe. have a 
toxic ettect on seagra8ses and corals. Th. reSUlts oC dispereanta at 
the•• a... concentrations were highly toxio on the a.agra••••, coral. 
and un9%'Qv.. tor JUny ot the products tasted. . . 

The elaatoaal in all teets was the leasttoxio of a series of oil spill 
cleen-upforaulations. The toxicity ot oil alone vas definitely greater 
than the d.-toeol treablente in alllOst aU the' conQentr.tiona tnted. 

1. ;'. ",.". ..: 

. ." ­

The dittioulty of application ot elastos01· would indicate uee· tor a 
81I.l1er spill such as D harbor or estuarine spille. The tact: ot very low 
toxioity corals would ~axe this extre..ly well-adapted to .pills n.ar or 
over coral reers. rt JlaY also be very helpfUl to control 011 When spills 
are within aanqrove swups. Certainly, spUl's whiCh cannot be 
Illeehanioally handled or cheatca-lly dispersed. _y w.i.-rllnt: tb. e~n~ and 
application ..thode tor elastosol. 
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'Ibe 1987Nelrlt:a.n:Uand oil Spill ~iment 

An overview 

E.J.~· 
MineiaI.sKanagementSerVice
 

Reston, Virginia
 

·H. Whitt.aker 
Environment canada 
ottawa, Q'ltario 

Abstract 

A joint canadiail-united states exercise involvin:}the intentional sPilling
 
of awroxtmtely 20,000 gallons of speciallY-:tre<lted ¢tude oil was
 
o:nb::ted off Newfamilani in September 1987 to ~1uate the contlliment
 
and recovery capabilit.h~ of. three state-of-the-art IJccm> 'am sJdm:ners.
 
.As· part of the 'exercise, clat:awere collected on.8 speCially-:instrutnent:a:l
 
oil spill !Joan in an att.eupt to verify a prqxJSEld pertormanoe test
 
proc:::edLu:e for ~ oil. spill bocms.. A :viSco-eJ.&stic c:heInical
 
aQ::Ii.tive "WaS used, aftet: the ecp.ipnent evaluatianwas OCIJPleted to enhance
 
reJ::;;Nery C{lerations. Mditiona1 abservatiol1$ were :made'6n the periri.stenoe
 
of spiiled oil slicks in advan::e::I sea states. 'lhe cootainment am ret:XJVery
 
effort was aile of the most successful 00 record am was oonduc:ted in wirds
 
aid sea states CCI1l1IOI1ly thought to be beyoOO. existing capabilities.
 

IntrcdUCt1cin 

Ailintent1anal oil spin of 18,000 U.S. gallons was conductErl onSept.el1tJer 24, 
.1987, offsboreof st.' Jctin's Newfout'dlarr:;l to .evaluat:et:be oontai.rnent am 
.re::overy capability of three J:xxms ams~. '!be spill also proIriderl 
i:Ul qp:rtuni.ty to verify a noopbllutirJ;j perfonllailce evaluation pr6cedure 
for offshqre pil cootainmentboans. 'ItIe spill was £XlI'lduct:ej awroxbnately 
25 nautical m!les east of st,·John's. ~ duni>1nJ pennit requirarents 
1ncIWed SsI<1 eurrertts arrlwest:erly wims. to nrinimize.chan<xl of shorel1ne 
contact:; Water depths of at .least 100 meters; ·tlle site Ilad to be crt. least 
25 nautical miles fran shOre, am the area ~ to be within 2 to 3 hours 
st.eaJning fran st. Jdm's. 'n1e center of the area selected was 47 degrees, 
40 IlIinutes NOrth. cud 52 degrees, 03 minE'tesWeSt. 

A erode stinilar to· the .typical high wax Gra:rrl .Banks ciud~ waS lll1available, 
Brent crude fran the North sea was alleckIely treated by addin} 1 percent 
sll!lCk wax by volUll'e to yield an oil of s:iJnilax- Physical properties to 
the Grand Banlcs~. 'Ihe IOOCtified oil was to have a density of 839.8 
kg/ln3 am a viscosity of 20 m.£>as at 12 degrees C (I<oss, 1987a). Recent: 
infOl1llatlOll indicates tha:t insufficient slack wax was .added to reach the 
1 percent by VOlUlOO target level, 

IoEteorological canlltions were recordroon the canadian Coast GUani (ca:;) 
cutter '''Grenfell'' atl5 minute :intervals. 'Ihese.includeoorrected 
wirrl velocities anI air am water tenperatures, 
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. .' '. 
A wave rider wasdE:PiCJYl'd at the test sJte h1t. failOO to tunction dUI-i.~ 
the exercise. ConseqUently, sea. rondi.ti~ ~ estimated, with reasonable 
agreement, by varioUs qained obserVers. 

'!be test plan called for the depJ,oyrooot of threeboans as follC1<lS: A 
250 mt:er letgth cifthespecially insttument:e:i Oil arrl Hazat:'ChJs Material 
SiJmJlata.l Envi.rart11entai Test Tank «(ftISF.'lT) bXl\I'lInIld be deployed in 
nantal catenary. l\f:prOXilIIately 20,000 9a,lloos of treated Brent: crude
 
Would be Sl'il1ed bythe<Xllll1lln:Jlrerovery ShiP Terra Nov~ Sea into the
 
daten!uy. 'Iheoil would be held in the boaa for·~tely 1 holn"
 
while freeboardan::l draft data ~ Visual ~ions of oil retention
 

·.were -re:xmiEld. During this period, 200.met:ers. of-.the canadian coast 
<mrd's ro-~ woold be deployed 1:Jehinj the CHEEIT bean. 'l11e toirl 
speed woold be ~ to significant l<lSS speed (0 ~ 5-1. 0 )coot). One 
en:l of the boan wooI.d then be released am the oHdisdlarged into the 
RrID:Jll. Oil wcW.d~ held in the ID-BXI'! for awrox1:mately i hair 
1o'hile the oil ret:entia1 capabilities were ohsetved. 'Ihe st. Jdm's 
Coast GUard Vikana O:::ean Pack hoaI1 (400 neters) \«XllQ Qe deployed 
beh1n1 the ID-KX.I'f dUrin} ~dJser:vat1on·periQd. '!be last proc:adure 
,involving lost OU. speedsloOJ.1d. be repeated wJ,th the R:>--BXl'J, <tOO the' 

. oil ~ be release:! into the V.fJ<cma.. . . 

Oil wuld be retained in. the Vikara for approxinatelyl haJr. 'lhe
 
'lerra Nova sea ~d then aamence ski..Ittner evaluations. '&o~,
 
the .FraIm AOJ400, an:i an innovative OJast Guattl Heavy all s:td.n1iIer (lJ::G)
 
Would be evaluated for 20 IlIinutes each anj the renaming qontained oil
 
'o'OOld be n:>cavered by the skilmer with thebetter.performance (Ress,
 
1987b) .
 

'Ibe int.ept. of. the ctmEIT boom deployment woo.ld be to verify the hypothesis 
tilat a hoaI1's ability to cxntain oil is correlated ,with its ability to sea 
keep or caI'(lly with wave-irduc:ej surfacellOtian. If this hypothesis coold be 
verlfie::t arrl quantified, fI.Jture perfonnarx::eevaluations of offshore 
~boat1scould be restricted to neast!t"ing ~ing capabilities 
in a .raJ1:3E' of sea states. No fUrther .spills .of ,the 20,000' gallon size 
ot.1ightarrl heavy oils ~d be required, in·a t"ange sea states, to
 
eIla1uate eactl type of bocm. Odean chatpirq pendts are difficult to
 
obtain an:l intentional oil spill exercises of this llICIgl'litude awroadl
 
the million dollar {uOOing level. Int:entiooal spills also cxnst:.itute a
 
risk of !XJt:ential danaq'e to the ilmlediate environment. Clearly a CXJSt­

effective an:! JlCll1X'llut!n:J evaluation proCedure for offshore equipnent 
is necessary to devel-ql' a .predictive capabUity for the perfonnance of 
{If!shore ~ equ:ipnent, Win:! oonditionsdasired were sea state 2 
to '4, IlI'ld wirrlS fran 10 to 20 knots. . 

Practice Run - .sept:erber 21. 1987 

'n1eSl11ps an:! smaller vessels sailed at 6:00 a.m.. am proceeded to Ii 

locatioo 5.5 miles off 'I'orbay point. '!be co:; Grenfell then deployed 
the <IH5EIT l:loQn and ~ cne em to the co:; cutter 212 whidl took 
the bxE in tcM. '!he ax cutter 206 then atteopted to pick up the 
trall~ end of the boom, a job whidl took 45 minutes. As soon as the 
206 had the end of the ixx:In securecl, the two cutters attetpted to tow 
tne·bocn, in a ''U'' configuration, into a position astern of the Terra 
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,NOJa sea. 'Ih1s resuIteel in the ctffiElT boan immediately beq:inniI¥.J to 
bdst m itself, an:l, 1 hour was lost in straightening the 1:xx:III. Eventually 
the boaIl was' positioned relative to the Terra NOva Sea am s~a~ 
cU.sc:tJarge of the oil was carried a.rt:. rata cnllection, without oil, 
far ~ 1 hour followed. 

\rJlile the QH?EIT bOOn was bei.rq deployed ani positiooed, the RO-WI!
 
IoIa$ deployedfrcm the 'CQ;' Sir If\mtlhrey Gi1llert an:l paSsed to an cutter
 
214. 'lh!s prooedUxB took a1Jx:lst 2 hems ani, the ro-WCtf wa,s raPidly
 
positiooed with ,respect to the CH5EI'l' bOcm because both the CJtter 214
 
aId a aastCln Wha1er were able to tow the btx:m at speeds of 5 knat:s.
 
Witll the RHIJCH in positiOn, the en; rotters 212 an:! ~06 cxmaenced to
 
maneuver, ~ly to fODII a nJ. n 'Dle ca; cutter 206 then sna<J:JEld
 
the CHlSElT cable in her'screws am aJt it, disablil:q herEelf~ , 'Ihis
 

,resulted, in delay in the exercise, while the cable was freed am, because 
a:G cutter 214 ard the BostOn lrIlaler were In.' awrciachirq closely, the
 
0Itt:ei 212' took the boaD aid Qlt:ter 206 in tGl and cleared the area so
 
as not to ~ the exercise.
 

rm-in;J' the period in Wich ~ ID-ro:l'I was bein;1 deploya:l, theCa:;',
 
Grenfell deployed the ,Vfkana bocm. once the siuulated oil release 'was
 
Cler, the !l'erra Nova'sea took the other elrl,of the ooan am the vessels
 

,fOI:iDad ,8. catenary.' After holding position relatiVe to the RO-a:nI for
 
a pericxl, the ships formed a "J" with the bcilan ~ practiced ,deploying

the skiJmters: ' ' 
All shipe ret:uI:ned to hat:bour by 5~OO p.l1I. 

Period Be~ the Dry Run am the Trial 

~eral _ti.n;s of the senior peq11e involved 1tl the exercise ooc;urred
 
lJetJoeen sept:.eI1tle.r 21 am ~ 23 , 198.7. ,It was d8cided to l.""E!IrJ\Ie
 
"(0; cutter 206 fran tOO exercise. 'Ille Boston -Whaler was able to ti:M
 
anlhOld tile blX1D in sea State 1, wt it was reo::Jgnized tbat this I>UU1d
 
be diffiailt, with oil, intl1e desired weather. 'Ibe Newfounlianl Fisheries
 
~had pxuVickrl a vessel, the Bernier', am it was decided fa
 
use her am a ~ d1arte~' CSV to tow the, RO-OCQI.
 

cancernwas re;Jistered that, the weather might, surprisingly, be too
 
calD ,mSepte!itJer 24, the day which lool<b:l best for the actual trail.
 
It was, t:herefore, ,decided to int:erdlan;Je the 00MSElT am ID-B:XMs to
 
take advantage of the higher wiIrls an:! waves ~ later in the day.
 

1helCll'¥j time ,requii'ed to deplqy the, ID-a:nI, frau the sir Hl.IIr{tlrey 
GiU:ert led to ,the clecisian to deploy t:hit,bean fram. the ~ WJ ' 
then-iunph sea. ~irs were carri €d out crt ~ ciffiEIT boan cabl~ 
,am the bocIIl with :instrumentation, was functional by 5:00 p.lll_ OIl 
~2J. . 

Since the Terra Nova Sea had oil recovery tankS OIl board, it ~ decided 
to ~ with the dlmb barge ard to release the oil direotly frQII 
that oov. ' 

--.,---- ­
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Trial with Oil on ~ 24, 1987 

'!he Triuopt sea ard the Bernier sailed at 3: 00 a.m. All ather vessels 
sailed at 4:00 a.18., am everyone was 00 statloo by 6:45 a.m. 'Ihe Tril.alPl 
sea \XliIllleS"lCed deployment of the ID-oorn enroute am by 7:30 a.m., the IxxJIl 
was ready to reoeiVe 6i1. ,once the·amE'IT Poem was. deployed, at 8:15 . 
a.m. ,. tlle oil was.punped into the RO BXPI with supervisioo fran the .
 
hell~ and a small boat.
 

All oil Was in the bean by 9:00 a.m. 

it was decided to give the neI<IB rredia a chance to view the test fran the 
air and this was ~ fran 9:00 8.m. to 10:00 a.m. DJrin:} this period; 
the o:x; cutters 212 and 214 at:tenpt:Erl to pUl the aH:lElT boan 1nt:o prcper 
positiOll a$l:n of the ID-0CQ0t anI keep it there•. Every attenpt to DPVe 

the bol:1n, in it catenary, in the 15Jcnot wires blooirq at the tiDe resulted 
in the bocm twi.stiJJ';J. As a ~t theCHf>EIT boa!l fell progressively 
furt.rer .af:tem of the RlrBXPI. 

At 10: 3.0 a.m. the oil in the tln:l of the Pocket of the RO-OOCfl was 30 an 
thick, the win:twas 15 knots, and sane sp;I.ash-oVer am significant drainage 
umer the I:x:an were oocurring.. '!he vessels, therefOJE, .foi:uled a "J" arrl 
released one em of· the bean to. a11001 the .Jil to flO\\'. into the 0fH3E!T 
biXIn. 'lbe CUf)B'IT bean was ci£.proX1Jnately 1 Jan astern, ard the vessels 
were havirxJ trooble t:cMinq the boon in a cat:l?Jlary without the bcnntwistirq. 
~t was, therefore, decided to direct the cutters with the ~ boan, to 
the aU, by helicx::.pter, keepi.n1 the bocJn in a straight tow. After 20 
minut;es, . the cutters were adjacent to the thick oil, and, after a . fUrther 
2() minutes~tely80 p&oent of the thick oil was in the ~ 

. bOcm.'!he remaJ.n1nJ· 20 percent was contained in the Vikana I:xon.. ~ta 

collection on the <HEEIT boan started as soon as the oil was captured arrl 
ccnt.tnue:i for 56 .minutes• 'Il1e ca; cutters .then· stq:ped across the path· of 
the. vessels toWin;y the Vimna boan and released one end of tlle boan. 'nle 
oil .spilled into the Vikana IxxJIl catenary, am one OX cutter trailed the 

. CJi.SEIT bam at the throat of the catenary allowi.n:J the waves to wash the 
oil into the V.ik<:JJa boan. 

'Ihe en:; Grenfell curl· Te=a Nova sea towed the oil filled vikana boau for
 
awroxiDatcly 1 hoor. 1:XIr!rq this tilM,the winl had fz:eshened to 15
 
knots to 20 knots. 'Ihe bocID Wi!l6 lOClVing at aver 1.1 knots relative to the
 
sea, ani sane oil was bein:J lost (awroxilrately 3 1llll thick). 'Ihe OX .
 
Grenfell then att.enpt.ed to IOCJVe ahead to form the "J" ·for theskimners.
 
Not beirq very ~rable, She quicJtly rell.c:hed 3.4 knot;:l ana the oilwaa
 
loSt.
 

with the oil now lost, the weather abated slightly. 'Ille ID 00Crn was still 
st.l:eamirq astern oc the Tri\.Ultlh Sea so it was decided t:hat she and the 
Bemier ~d fom the bc:lQn into a Co:Itenary and attenpt to recoover the oil 
dC~f(dIrl. 1he helia;pt.er had ~ loot to the c=x:e=iae t:or apprt:>K.imate1y 
1 hour at this time... As som as itretumed, it was refueled an:! sent; up 
to assist. In the interiJq a ~l boat was used to guide the t:olotvessels 
into the heaviest portions of the slick. When the heliocpter was over the 
thidtoil,it was ~ that the vessels with·the RO-lJXIof were adjacent 
to sane of the oil curl unable to see it. '!hey were, therefore, directed 
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fran the air arrl SIIIa11 boat, am managed to (Xlllect 80 to 90 percent of
 
the ·thiCk oil whim was CI1 ~ SUrface at the tl.riae.
 

oil was Sl)(X)eSStuliy cxntainai ani ret::t:JVer'f was att.enpted usirB the three 
sldlIIIlers CI1 boani the t'eOCl\.Ieq'-camnan:i yessel. '!he first sldBmer, the Heavy 
Oil SJc.i.nrDer (1m), was deP1oye:! and 00 neasurable. rea:Nerj was cbserved. 'Ihe 
011 used was lOCdifieJ by lOjirg petroleum wax so tl;Iat it woold reseai:lle a 
typical Grald ~ erode oil..'Ihi.s tn:e of oil is unchariicteristic of IlDSt 
crudes in that it possesses· I.i:M lldhesive propertiES. . ~fore, oleqil1lic 
S!d.JnDers, Which c'ieperxJ lJlXD the dlesive nature of the recovered oil, do not 
perfODII well with high paraf.il'rbased oils. 'Ibis ~ ~in proven with the 
oleqtlilic R;l6 slc1JImer. . 'Ihe skinmer was recovered after several trained 
observeJ:s were satisfied that the IIli s!dJIIIler had had sufficient evaluation 
time int.he (Xlntained sliCic. ~1eR3 with the ;;obHity of the suwort arms, 
used to suSperd both the WS am FraDr:> sld1mnersJ to adjust to the roll of the 
vessel am· short pedooWav"eactiOll resulted in bot;h s!d.tmJers bein:J trequentl.y 
subDert]ed so that oil aM ··water·l(Iere wasllEd into the SUII'p qf the·sJci.IlIIa". 

'Ibe secorrl skilllllBI: the "FralroAal-400" was deployed. '!he overall rate of oil 
recovery of the FramJ was 60 gallons per liiinute with·unknown amoonts of the 
recrNery resultim fran t'I'eque.nt partial. GUI:IIlergen=. . 

At this point, it WdS deCided by the c..-scerie O:mnandbr that the skiJiJner 
evaluation was canplete. . /idjitiorial measures were needed to eIlSure reo:Ner'f 

. of the remaining oantained all because. the weather was deterioratin::J am 
night wasfalli.n:J. AccotrliDJly, awroximately 7.~ of the vis::o-elastic 
agent ''Elaswl''.~ spt:ead .from an 8--amce styrofoam coffee cup into the 
est:illIated 7,400 gallons of oil am aU water errulsion in the contairJDent 
boon!. Elastol was ad:3ed becauseprevioos research turoed by the ~ls 
MatJagement service ari:l Environment Canada had sha.m that the elastic and 
adhesive prcperties of the .oil cmld be increased by ack1itiOl1 of the agent, 
tlnis naJtirq the oil IlI)re readily capturable with these types of sldmners. 
'Ihe FraJro·A~400 was retrieved fran the slick·as the "Elastol" was added arx:l 
because of the operational C:c:inSt.r&ints on the- recovery operation, due to the 
~ther and lateness of thaday, the sk:Utmer was mt rerlepldyed. 

'Ihe weir-type ski.ImJer I Fhal:"QsMarine Gl'-11l5, was deployed into the treated
 
slick and recovered near capacity rates of 85 gallons per minute of oil am
 
oil awlsion ·with no free water. '!his reecve:ry rate was higher thanantici ­

patErl am my have been even .higher if the oil had been untreated. Treatment
 
significantly iooreased the viscosity of the oil. '!he skimrer was reIlPVed
 
fran the sliCk, cleaned, ani stored on board.
 

'!be OOS 6k.iJmler was· raieployed am failed to function because of a piece of 
steel in there.turn pI.Illp•. 'lhe.·skimner was reccl\Tered, the steel piece rnmcIIIed, 
an:l then the sk.iJmler·was redeployed. 

'lhe 1m sldnmer yielded.<I ~ rate of SO ~ilons per millute with a 
portiCl1 of the ole.or:oilic t:ahrlc. CI1 one of its tWo drums damaged. Debris was­
collectal at this tUne in' the vent;w:y system l~ to measure recovery fluid 
flaol rates.. TIle. debris may have oootri.but.Ed to the subsequent failure of tile 
0C6 sk.inIller retmn hose. No.flCM-rate measureoont:s were taken before the 
fallure. visual .observations an the annmt of oil adherim to the oleqnilic 
fabric of the fn3 sk.bmner:i..n:iicated thatreeovery rates were significantly 
increased by the addition of "ElastoL" 
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Operations ~ suspen:1eQ becaUse of the advancinJ sea states am in;reasi.n:J 
darlme;ss. ­

lin eM!tflight of the area, by helicq>w, ~ c;nTied cut dur:i1J1 the skiDm.in1 
qJeration. 'lhis~ecl a stleen awroxiJrately 2.5 by 0.5 nautical miles with 
3 ~ of .bru.m oil. . It is estinated that no uore than 260 gallons of oil 
teaained in the thick P<1tdles.. A further flight 18 hc:m-s later SlJoI.m 
that cnIy srrall b:rown -patches am sheen rana1ne:l, am this was r<tpidly 
dispersiIq•. 

lAi!sscn§ I..eamec! or Re1eamed 

o	 'lhoroogh proficiency with the recovery equipnemt. to be used
 
is essential.
 

ROOt.ine practice is required . 

o	 I.arge voJ.umes or oil are necessazytoreaJ.istica).ly evaluate ­

perfonrance of offsl1bre response equipIent.
 

o	 The use of helicopters to direct the pl~.of tcT.l vesSels am 
the use of small vessels to IIalitor and adVise on boan cxniilien; 

- are ~al to ~ze the ·efficiency of OJI'1VeIltional re:::overy 
_qJeraticns. . 

_ 0	 AcnIrate ~ of the met:eorolqgical an::'! sea acn:liticn; are 
-~for a<ntrateanalysis of the evaluations. 

I 

o	 The re:pirements for slow--sjleed ta./irg arrlmanueverirg of limJ2
 
amtai.mlent.l:bm; necessitate the use -of vessels with variable
 
pitdled prepellers, tIlrusters, am good seamen in control. .
 

o.	 It was not p:lSSible to form a recuvery oonflguration with two vessels 
While towinguprl,rn. '!he thircl vesSel was necessary tor reexNerY in 
nomal catenary. 

o	 The IJfPer meteorological ani sea state limits for dowrwind oontainDent 
am reoovezy werervl: reached dliriJ'g this test. 

a	 Upwind collection proved .i1lpass1ble ~ winds ~ 15 knots. 
ntis is consistent with many past OOsezvations for conta1mtent 
operations oondUcted Upwinc:l._ 

o	 steps shcW.d be taken to avoid loss of COntained oil by shjpJoard
 
disdlarges sud! as coolirq water inpi.n1:inJ upon the slick.
 

o	 'ranJ<;age should be available for reo:::Neryof several tixoos as lII.ldl
 
fluid lIS dischav;Jed toaooount for the oil arrl water --u.sions and
 
free water recovered.
 

o	 Analysis of the CXlITe1ation of the ability of a bean to· seaJreep with 
its ability to cootain oil is contiruinJ. 
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o	 ~ of hi.gh wax oils similar to NewfClLll¥:U.ani crudes in 
10 degrees C water is significantly eItlaiJced by the use of "Elastal." 

Disclaimer 

Jeltiai Of specific produ¢ts in this paper does rot CXlI'lSt1tute or infer
 
.~ or acc:ept:aJre by the Minerals Management service, the
 
Cl::.Mervation am Protectim; or tile authors.
 

Foss, So, L./ 19a7a-4)ffshgre Testim o£ Boaos arrj·Sk.inllers, S. L. Ross,
 
'F.i1VirorJllent:al. Researdl Limited, Ottawa, ,'~o.
 

'Roos; SoLo, 1987b--Test ·Prof:.orol for Offshore BaCm 'trials, .3lti Draft, 
s.	 L. Reiss, Env'ironraeirtal Research LiJni.ted, ot±.awa" <:ntario. ' 



Attachment 12
 

Toxicity and Soil Penetration
 



_polymer Rese~J.'ch· l.tat>ora-tory, BAi).F J.'.kt ier)9.esellst:haH':, 

Llldwigshafen/Rhein,' Federal RepUblic of Ger"many, 

- Lab0F_atory tests ofELASTOLT.",: (Oil Spill Combat" Agent) 

H.M. L~Un ~nd R~Hingmann 

ELAST?LT:M •• was developed by GTA with the assistance of BASf'~ It 

is manufactured in the form of a white powder with ·particle shes 

between 1OfJjJm and 1000. vm (P 19. 1) • 

L~ The powder 
form of 
ELASTOLT.M ~ 
simplifies 
applicate ion. 

*	 in USA registered trademark of General Technology Applications 
(GTA) - Inc., Manassas, Virginia, in oth-er CQuntries of F;lastogrllri 
Polyurethane GmbH, a company of BASF group 
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The powder. contains about50t by wei<jht of Polyisobutylene (P!S) of 

extremely htgh molar mass (Mw.• 6.10 6 g!mol). PIS is a non-toxic
 

.. po1YJ11erthat only. consists of carbori and hydrogen atoms. The chemi­


cal composition .15 

.BCB51
r t 1 • 

+ c- C 
I I 

L R CH 3. n 

tully extended the polymer chain WQuld reach a· length of about 

t7 11m,. Granules' of polymericmaterh.!.·are coated with water-insolu.,. 

ble CBS (PO.,> 30H· sal'tin' order t%btain an easily spreadable, non­

agglomerating powder. Only the PIe-component :1s soluble .in oil. "hen 

dissolved the macromolecules give rise to a disfinct viscoelasticity 

as well as a drastic increase in the elongational viscosity of the 

solution ·even at PIB concentrations of only a few hundred ppm. 

these propertirs mak~ELASTOLT.M. a very interesting oil spill 

treating agent {11' The performance of skimmer.s is improved, the 

t"esistance to· sp~eading and break-up is greater, and the ·speed of 

ballecting barr iers can be increased. 

tn th is work we· :report laboratory t~sts wi th ELASTOLT. H. appl ied 

to different oils at various concentrations. The intention is on one 

hand to give quantitative data 011 both the rheological propert.fes of 
the BLASTOLT.M. treated. o11s and on the dissolving kinetics of the 

powder. On the other hand we try to illustrate the basic mechanisms 

~hatare responsible for the obserVed properties of the solution: 

These properties are mainly due to the stretching ~d orientation of 

the dissolved polymer chain. These are pu~ely physical effects which 

work in~ependently uf possibly present chemically active additives. 

In Table 1 the f.ractionated oils and crude oils used in this inves­

tigation are listed. no is the zero shear rate viscosity of the oils 

at 25 0 C. 
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Table 1:	 List of oils 'dsed 1n this Investigation and their zero 
shear r"teviscosities 110 at 25 OC. 

fract.ionated oils. 

petroleullI 
fuel oU 
diesel oil (Columbia diesel> 
spindle oil 
transmission lubricant/petroleuJIl til (illixture) 
transformer oil 
MARCOLT.. M. 82 ,(Exxo~) . 
fine mechanics lubricant 

.vacllum pump oi I 
transmission lubricant 

110 [mpa. s] 

1."2 
3.65 
6.9 
'7.0 
10.5 
13.0 
21.6 
34.3 

190 
713 

crude oils 

Ouaibo 
Arabmed 
v~nezalana/Ouaibo 61/39 (mixture) 

r 
'rio [mt,>a.s) 

4.6 
18.0 
70.0 

II. Rheological properties of ELASTOLT.• M·oil sol!Jtions 

1. Dep·endence of tJ1e solution viscosity on the ty~ of oil --------------- ... ------------------------------------.-- -~-

1he oils listed in Table 1 were treated with both 2 000 ppm and 
10 000 ppm (0.2 and 1% by' weight) ELASTOr.T • M•• The solutions were 

produced by rolling the pOwder-oIl mixtures in closed gl,a5s bottles 

at about 120 rpm and 23 tefor a Hme period of 30 to 70 hours. 

'the viscosity of the re·sulting soillt.ions was determined by means 

of a high precision Couette Rheometer (Contraves LS 30). This 

instrument can measure shear stresses ranging from about 3.10-~ Pa 
to 4 Pa in a shear rate range between 3.10- 3 s- 1 and 100 s-l. 
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In ?eneral ~he PIB solutions a~ non-Newtonian, viz. th~ ~iscosity 

of the' fluid is dependent ·on·the she'ar rate. In our measurement.a, 

therefore, shear rates sJI\all enou9tt to. get ·the constant viscosity 

Tis at the limit of small ~hear rates .(zero shear rate viscosity) 
tiet:e used; The da t.a ate ·lis·ted in Table 2. 

'l'abie 2: Viscosity increa.se due toELASTOL'1'·M. (dissolved by roll ­
ing) in various oils for pOwder concentrations of 2 000 and 

"10 O(){) ppm. Viscosities were measured at 25 0 C. 

c-2 000 ppm c = 10 000 ppm 

''1oil 'ls'lr Tlr"0
(mFa.s] [mp:.s] .,,- {mFa. a] 

1.42 3.02petr.Qleutn 2.13 23.3 16.3
 
fuel oil
 . 2.073.65 ·7.54 52.3 14.3 
spindle oil '1-5.17.0 2.16 97.1 13.9 
transmiSsion lubricantl 
petroleum 1/1 10.45 17 .1 7.9 
transformer oil 

1.64 83.4 
.22.113 .0 122.6 9.41. 75 

HARCOLT.M. 82 36.121.6 1.67 8.2 
vacuum pump oil· ­

178 
190 . 238.4 908 4.8 

transmission lubricant 
1.25 

713 845.6 1.19 1656 2.3 

8.54.6 .46.2Qualbo 1.85 10.0 
Arabmed 24.1116.0 1. 33 74.6 4.1 
Venezolanal 
Quaibo 61/39 83.770 1. 20 241 3.4 

tn the case of the most viscous oils (vacuum pump oil, transmission 

lubricant) and a powder concentration of 10 000 ppm. the PIBcould 

not entirely be dissolved even after a rolling time of > 70 h. For 

these two samples .the 'ls-values only represent lower limits of the 
viscosity of a homogeneous solution. 
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Tbe relative viscosities nr 

It) 

ais~ Hsted in Table 2 are the r!lt1os of solution viscosity and 

oil viscosity. nr increases. with increasing pOwder concentration. 
It 1s also seen that the re~ative viscosity increase due to 
ELASTOLT.M.• becQmes smal.ler w~th increasing viscosity of the oil. 

F~r·1\ coDcentratlon we get a relatilrn viscQsity of 16.3 fat 

petroleum, compar~d to 4.9 for v.acuumpump oil. 

In P'igure 2 and Figure 3 the relative viscosities are plotted versus 
.the logad thrri of the oil visc~sityfor 2 000 ppm a.1;3·,o 000 ppm 

. :r 
powder, respectively. I.t is interesti-ngto note ·that for the 

[=2000ppm 
2.5 

o 
f':" 

III 
f':" 
-­


T =15°( 

• ., spindIe oilpetroleum 
t:JS 

S
 
fuel ail
 

Ouoibo • transforlller oil
 
B
 

EI EI HARCOl T....
 

t,onsOlission lubricant!
 
petroleulll
 

• vacuum pump oil 
Arobmtd' 

• EI B 

Venezolona I transmission tubricant 
to -....,__r-~-..-rTT-rr.--_"-r-_r-T-.C-a"T"u""T00T""-__ib....... r--.--.--,-'r"'r"T'T1 

10 100 1000 
oil viscosity T')o I mPos.) 

Relative viscosities ~r for various oils as obtained after 
rolling powder oil mixtures with an ELASTOLT.I1. concentra­
tion of 2 000 PPIll at 250<:. Open symbols represent fraction­
ated oils, fun symbols crude oils. 
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t	 = 10000 ppm 
T;" 25°( 

petroleum 
13
 

. fuel oil
 
" 8 m 

spinell" .oiJ 

OJatbo • trahsfortller oil 
m 

e a
 
transmission lubri[a"ntlH~RCOl1.".
 

~a[uum pump oil
petrol.fum 
B 

""Arobmed• . trallsrnisslon lubricant 
Venezolal'O , CiJ 

Quoibo 

r1	 10 100 1000 
oU viscosity '10 ImPo-s) 

Fig.3: sa$e" as,Fig.1 for an EL~STOLT.M. concentration of 10 000 ppm. 

.. "" 
1/1 Illixtur~ of petroleum and transmission lubrica·nt as well as for 

the crude aUs; the relative viscosities are significantly smaller 

eompared to fractionated oils of simUar viscosity. A possible 

explanation for the" observed effect" might be the reduction of the 

coil· extension in the oil mixtures due to changes in the average 

polymer-solvent interaction •. 

2. Dependence of solution viscosity on powder conce"ritration 
~-----~--------------~--~---------------~-------------

Zero shear rate viscosities liS were measured on solutions in 

petroleum and fuel 011 at various concentrations. For this purPose 

base solutions having 6 000 ppm ELASTOLT.H. were prepared and" 

subsequentlY ~iluted by adding solvent. The resulting data are 

shown in Figure 4. 
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Fig.4:	 Solution viscosity'lS versus ~ASTOLT.M. concenh.-ation 
for petroleum and flJel oil. Full lines represent the fit by 
the Huggins equation (see ~eltt) using the parameters given 
in the inserted tab~e. 

The viscosity of the solutions increases stronger than proportional 

to the powder concentration in the range tested. The experimental 

results are nicely describ~d by a polynomial of Qrder 2 (full lines) 

AS proposed by Bugging {2]: 

(2 ) 

[IIJ being. the intr~nsicvisco8ity and kH the Huggins constant. '1'he 

values determined by a best fit to the data points are given in the 

diagram. 
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3.· Viscoel~stid\:y of. .£LAS'l'OLT.M. solutions 
------~-~----------------------~-----------
The solutions were. sU~~itted to 8.a1l amplitude·osoillatQry shear in 

a rotational rheometer using. bi-conegeometry. The apparatus is 
schematically depicted in P!gure 5. A gap angle. of a ~ 3.8 0 and 
angular frequencies ... 211f (f frequency of· the oScil18.tion) in 
the. range of 0.2 to 1.8 s"- 1. were used. The shear ampl j. tude was 

; .. 0.5 • 

torque 
measu

sample-·-,.............--_ 

re'men t
 

.v....· drle 

Fig.5:schematic drawing of the bi-cone geometry used for small
 
ampli tude OSC Hlatory shear.
 

The resulting shear stress 021 is oscillating at the same frequency 

bu~ is phase shifted compared to the shear strain y [3] (see 

Fig.6).It can be decomposed into Sine and Cosine components by 

means of a frequency response analyzer. 

The d.lrect output of the measuremenl:s are the storage modulus G' and 

the loss modulus G" as functions of the angular frequency Ill. In our 

experiments the contribution of inertia forces to G' has been 

Corrected for analyticallY. 
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·shear strain "6:
 

. II· 

l+--""""'"
 

l = ~ sin wt
 

~ ...., 

shear stress (J2( .,.Jfh't@V t 
... 

'()21 == ~ [G~ sin wt +G" cos w.t 1

. L LLoss modulus 

. . storage moduLus 

tlq.6,:,	 Decomposition of'the phase shifted oscillating shear stress
 
into tW() components yields the storage modulus G' .and the
 
loss modulus G-.
 

In general the response' of solutions to oscillatory shear can be 

described by an elastic spring G' and a dashpot IJ • G-/i. arranged in 

paraU'el [3] (pig.7). Po purely viscous fluid of viscosity IJ can be 

represented by the dashpot alone and the shear stress is 

~roportional to the shear rate y which yields a phase shi£t of 

9D degrees between stress and strain. The dissipated energy per 

eycleis proportional to the loss modultls G-. Anela.stic mater~al 

,(e.g. ideal rubber) can be represe'nted by the spring. Ret:e the 
Eitress is proportional to thestra!n (no phase shift).' The storage 

modulUS G' represents the spring const~rit and is proportional 

to the	 stored energy per cycle. A viscoelastic material has both 

components. The quantity G'/G- is equal to the ratio of stored and 

dissipated energy. 
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Pig,]:	 RepreSentation of the response a viscoelastic fluid to 
oscillatory shear by a sprIng and dashpot arranged in 
parallel (G' and G« are frequency dependent). 

The behaviour of long polymer chains. dissolved in a viscous fluid 
(PIe macromolecules dissolved in oil in our case) can be understood 
as follows: at rest the molecules have a random coil like 
equilibrilDll conformation (left si~e of Fig,S). In a flow field the 
random colIs immobilize part of the solvent giving riSe to the 
observed viscosity increase with increa-sing polymer concentration. 

1£ the equilibrium coil conformation remains undisturbed the 
solution would behave in a purely viscous manner. 
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at rest during shear flow 

Fig.8:. Equiiibrium ·conformation (random coil) at r:es.t and. detorm~d 
state .during flow of a macromolecule in !f"olution (s·chematic). 

In reality, during flow the molecule attains an ellipsoidal 

conformation (right side of Fig.S) and will partially be oriented 

parallel to th~ direction of flow. This deformation of the coil, 

however, is reve~s~ble. When the flow is stopped the molecule will 

re-establish its equilibr.ium conformation. This process ·takes some 

tille.llnd is governed by .a .characteristic retardation .time t. An 

estimate for the characteristic time is .p¢ssible bllsed on the I1IOduii· 

Q' and. G~: 

T = G'/",G­ (3) 

It must also be mentioned that, if the solotion is not kept under 
gl:Jape constraint after removal of the shear deformation, the 

re-att-ainment of the e.quilibrium random' coil conformation will 

result in llreversed shear of the sample (fig.9). The total 

recoverable strain Yr, although difficult to meaSUFe on dilute 

~01ution8, may alSo be used as a direct measure of the elasticity of 
the sample b~sides the ratio G'/G". 



- 12 ­

.., 

durin!;! shl'!or flow after unloading 

.	 . ~ .

Fig.9;	 Recoverable shear strain of ~ viscoelastic solution after
 
unloading due. to the desorientation of deformed molecules.
 

cominq back to our measurements of the moduli G'and G- it is
 

illportant to n9tethat small amplitude oscillatory shear measures
 

the viscoelaBtici~ of the solution at small deviations from the
. ' 
equilibrium (coil-11k!'!) conformation of the dissolved PIa IlIOlecules. 

As an· example. Figure 10 shows the lJI.easured dynamic moduli of a 

16 000 ppm solution of. ELMTOLT.H. in petroleum. The· pronounced 

viscoelastlci ty of the f1olution i9' evident from the. tact that 
besides the loss modulus a distinct storage modulUs can be 

measured~ The ratioG'!G w . increases with growing angular frequency. 

The viscosity In* I represented by toe full symbols is calculated 

from the moduli according to 

IG,·2 + G- 2' 

This ·quantity is very close to the value of the viscosity in steady 

shear flow if ~ is equal to the shear rate [4]. ThUS, the decrease 

of In*(~)1 with increasing angular frequency refl!'!cts the noo­
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. 16000 ppm nASTO{Il' in petroleum 
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Fig.l0i'storagEl and lOBs.moduli (open symbois) and vise.osity (full 
synibolS).versuB angular frequency of an BLASTOLT.M. 
~otution ..in petroleum at 1600Q ppm and ~4 oc. 

Newton.!an ~haviOur of t.ne solution, viz •. the shear viscosity, 

decreases with increasing shear' rate. Again, , this behaviour can be 

understood in ter~s of Fig.B. De£ormed and partially oriented 

macromolecules give rise'to a vls'cosity decrease depending on the 

shear rate. 

pi9ure 11 shows the concen~ration dependence of the moduli in 

diesel oil. The pure' oil (full circles) is Newtonian and does nbt 

have a nI~asurab.H! storage lIIOc;)ul,is. .In' that case G" .increases 

proportional to III, the ratio G"/IIJ being equal to the viscosity n of 

the oil f3 J. 

With increasing EL-A,STOLT.H. concentration the storag~ modulus 

grows stronger than the 10SB DOdulus. For w a 1 B- 1 (0.13 Hz) a 

folirfold increase 1n con'centration (4 000 ppm to 16 000 ppm) yields 

a G" growth of less than ·a fa.ctor of 20 whereas the s·torage· modulus 
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storage modulus (left diagram) and loss modulus (rightFig. 11 : 
diagram) .. versus angular frequency of £LASTOLT.-H •. solutions 
in diesel oil at various concentrations and 24°C. The pure 
011 does flot have II measurable storage modulus. 

increases approx,imately 100-fola. As a result, the ratio Gl/G" at a 

gIven frequency fcf. Table 3), taken as a quantitative measure of 

the. viscoelasticity, increases considerably. It is al60 seen that in 
the same sequence the increase of G- is less than proportional to ~. 

A comparison of the dynami.c moduli for a constant E·LASTOLT.M. 

concentration of 2000 ppm in various oils of different viscosities 

Is. shown in Figure 12. 

Table 3 gives a com~ilation of the moduli measured on various 

solutions. Rere, the Gl and GOO are .compared at a collstant angular 

£reqaency of 1II • 1.26 s-1 (f - 0.2 HZ) and 24 oc. Besides the 
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Fig.12:	 Storage modulus (left diagram) 'and loss modulus (right 
diagram) versus angular frequency for ELASTOLT.H. " 
soulutions in'various oils 'at a constant concentration 
of ,2000 ppm. and i4 DC. ' 

viscosity IIl*i '(l~,qu. (4»)' and the ratio G'/G" this table also gives 
the characteristic r'elaxation time T (Equ. (3)). For each 011 bqth 

G'/G· and T increase with growing concentration. The most pronounced 

chartge~	 are observed in the characteristic time. 
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Table 3: Dynamic moduli and viscoelastic properties of various 
8olu~ioDs ~asured. at .- 1.26 8- 1 by means of sm~11 
amplitude oscillatory shear. 

. .;. 

oil 

~troleuJII 
.1. 
.1. 

fuel oil 
.1. 
.1. 

diesel 
· I.
.1. 
.1. 
· I. 

spindle oil 
.1. 
· I. 
· I. 

transformer 
· I. 

fine 
./. 

, 
oit. 

mechanics 

c G· G' 
[~:!8] (JI/G· T 

(PPlII] [mPli] (..Pa] [mI] 
~ 

0 1.6 ~ 1.3 - -
8 000 23 1.6 18 0,07 55 

16 000 125 25.6 102 0.21 140 
I~ 

0 4.8 - 3.8 - -
4 000 12 0.35 8.8 0.03 123 

'. 8 000 24 ' 1• 1 19 0.05 36 
, 

Jl - - -
2 000 20 • 0.4 16 . 0,02 . 16 
4 000 39 3.2 3.1 ~.D8 65 
8 000 125 21.6 Ir- 105 0.17 131 

16 000 590 290 523 1).49 390 
~-

0 8.9 - 7.1 - -
2 oa.o 18 0.65 14 0.04 29 
4 000 3i 2.1 26 0.06 sf 
8 DOD 85 12.6 68 0.15 118 

' 0 16 - 13 - -
2 000 34 2.3 27 0.07 54 

lubricant 0 42 - 33 - -
2 000 61 3.a 53 0.04 35 
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f. Drawability (elongational viscosity) of BLASTOLT.M. solutions 
---------------~-----------------~----~---------------~--.. .. . 

One of the 'most strik,inq e(fects of tloAS'1'OLT.M., dissolved' in oil 

is the dramatic increasei~ resistance to elongational flows. When 

the solution is streb~hed. the lIIB JP.Qlecules are oriented which 
yields an elongational ViSC06i~y greater. than three times tpe shear 

viscosity {S J. This .,ehaviour is beat' demonstrated in the ductless 
siphon test (6 J (Pig.13). 

nozzle 
ductless siphon 

h height. 

.r. 

vacuum 
pump-

HAS TOL1H
. solution 

F,ig.13:	 Schematic drawing of the ductless siphon test method. The 
ductless siphon height is gradually inc~eaE\ed until break of 
the filament at hmax • . 

A pipe being connected to a vacuuni pump carries a nozzle at its 
other end. The solution is contained 1n a beaker. When the nozzle is 
brought into contact with the meniscus of the solution the latter is 
Bucked out of the beaker. The distance h between nozzle and solution 

meniscus is increased either by slowly lowering the container 

pOsition or just due to the decreasing meniscus height for a fixed 

beaker position. The soluHon will still flow upward' until at a 
maximum ductless siphon height hmax the filament breaks. 



For an untreated oil •. in general. the m.uimum ductles$ $iphon·heigbt 
will be in the order of 1 mrri. with BLASTOLT.M·hmax' i8 much 

greater and May 'reach v.alu'es of half ,allleter or more • This behaviour 

is of tremendQus 'importance for the pe~formance of, c91le~ting. 

devices used f<;>r ,Qil spill combat.', 

. .'. 

A photograph of the spinline in the duct.less siphon test fs shown in 

Fig.lot for a '4 000 ppm solution in fine ~echanics lubricant (with 

red dy~) and, a nozzle diameter of 1 'm.' The. distance between the 
nozzle an? the solution meniscus was 20 ·CIII., 

Fig.14: Ductless siphon test on a 4 000 ppm solution in fine mechan­
ics lubricant. Nozzle diameter 1 mm. 
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.at rest 

during elongational flow 

fully extended
2T F-TJoU 

Fig.IS:	 Stretching of the polymer chain when the solution is 
subjected to an elongational flow field (s~hematic). 

the physical reason for the high elongational viscosity is 
schematically depicted in Fig.IS. At rest the molecule has a coil 
like conformation, but in an extensional flow field, the molecule is 

sttetched. The degree of stretching .is dependent on the rate of 

strain of the solution and the duration of extensional flow. The sum 
6f friction forces due to the surrounding solvent molecules has an 
opposite sign on both sides of the center of mass. Therefore, the 
extensional forces acting on the molecule are maximal in the middle 

of the chain and the orientation of chain segments parallel to the 
direction of strain is most pronounced in that region. 
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Por the extreme case of a fully extended chain (boHom diagram in 
Pig.1 5) it is easy to show that the· force Fact in9 lnthe center of 

the molecule is proportional to the. chain length L,· the so1v~ht 

viscosity Q(/, and the strain rate i [7}.· Thetorce F may even become 
higher than the. chemical bond of the backbone. Under that condition 
the. molecule will break [7]. 

It is obvious that in the case of long molecules the resistance to
 
elongational flow is mainly governed by the force F that can be
 

transmitted by each single molecule from one volume .elE!ment t.o
 
another and the Concentration of cUsscilved llIac~omoleoules. In
 

. ... 
summary, we expect the elongatioJ1al visc.osit~ II [5 J of the. solution 

. ," . . r 

elongational viscositi II • tensile force/cross ~ection (5)
 
ext-ension rate
 

to increase with strain rate, solvent viscosity, and polymer 
concentr·ation. I 

It should also be noted here that the stretched molecules store 

energy since the orientation process· is fully reversible (chain 

ruptu~e excluded). When the strain rate is set to zero the 
deformation of the molecule will decay with time until the coil 
~onformation is re-established. ~ithout shape constraint this 
process will cause a shrinkage (recoverable strain) of an elongated 
solution filament. 

The measured ductless siphon heights hmax of petroleum, fuel oil, 
and spindle oil versus ELASTOLT.M. concentration are plotted in 

Figure 16. We observe a monotone increase of hmax with increasing 
powder concentration in petroleum. For fuel oil and spindle oil, 
however, hmax goes through a reproducible minimum. It appears that 
the concentration corresponding to the filament length minimum is 

shifted to smaller values when the oil visoosity is increased. Most 
probably this effect is not caused by a minimum in the true rest-st ­

ance of the filament to stretching but by problems in the nozzle 
flow due to the shear viscosity which increases with concentration. 
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Fig.16:	 Maximum ductiess siphon heights at room temperature for 
three oils vel:sus ELASTOLT,M •. concentration (nozzle 
diameter J IIID). . 

Thus, for a direct comparison of the effect of ELASTOLT.M. on the 
drawabllity .in various oil solutions one should restrict the Illel!S­

urements to' concentrations below the min.imum. In that range the 
behaviour may be approximated by the power law 

(6 ) 

the e~ponent a having values in the range of 0.75 to 0.95. 
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table 4:	 Ductless siphon heights ~as at filament breat for' various 
oile and at. an BLASTOLT.M. concentration of 2 000 ~. 

oil 

petroleum 
fuel oil 
spindle oil 
transformer oi 1 
fine mechanics 

petrolelJm 

1'10 
[IIIPa's} r::, 

1.42 100 
3.8 un 
7.0 380 

13.0 41,. 
34.3 80S 

- 99 

lubrioant 

+ sEPAROLT.'M. At 27 

Table 4 9ives a compilation of. th'e measured hmax values 1n various 

oils for a constant ELASTOLT.H. conoentration o~ 2 000 ppm. The . 

ma'xlmum ductless siphon height strongly increases with increasing oil 

viscosity. Therefore, the higher the oil viscosity, the lower tbe 

concentration of ELASTOLT.M. required to obtain a given valUe of hmait • 

As already men~ioned, the drawabUity .of ELASTOLT~"'sOlutions is an 

exclusively phys'i~al' phenomenon. The application of' chemical additives 

(for. instance emulsion breakers) should have no' influence on the 

ductless siphon helghts. This was experimentally -rerlf1ed for petro­

ieum treated with 2 000 ppm ELASTOL~·M. and 100 ppm SEPAROLT.H •• 

AF 27 (emulsion breaker). 'l'be same v1!lue of hmax as given 1n Table 4 

for the pure petroleum was Observed. 

The drawability increase due to ELASTOLT.M. is of great advantage 

in collecting oil floating on a wate~ surface by means of a vacuum 

skimmer.	 A field test with crude oil from ERM (e reflnery Mannheim) 

spread on water in a training basin gave the following results: In the 

case of untreated oi190' water and only 10' oil wer~ collected. After 

the application of 6 000 ppm ELASTOLT.H. powder 95' oil and. only 5' 

water were collected {8]. Fig.17 sbowsthat the oil fHm is pulled 

from the water surface without 'rupture and can easily' be sucked by the 

va.cu·um skimmer over a distance of about 15 em • 

• registered trademark of 8ASF Aktiengesellschaft 
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Fig.l1:	 Example of the improved performance of a vacuum skimmer in
 
collectitl9 crude oil (ERM) from a water surface {BJ;
 

5. Consequences of ELASTOLT.M. on droplet formation 

Fig.1B shows schematically the break up of ~n oil droplet into two 

smaller droplets due to an elongational flow field. Once a neck. is 

formed the neck is elong.ated until break of the strap•. The formation 

of smaller droplets continues until the rheological forces can no 

longer overcome the stabilizing effect of the interfacional tension. 

with dissolved macromolecules, however, it is possible to prevent 

the formation of very small droplets [6]. Here, th~ limitjng drop 

size is governed by the resistance of the strap to stretching. Wh€n 

the elongational viscosity in the neck is increas~d the break up 

process will come to an end at a bigger droplet size. 
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.. 
F!g.18:	 Formation of smallerdrop1ets in an elongaHonal flow Held 

(schematic) • 

The consequence for oil/water mittutes is demonstrated by rig. 19. 
Two glass bottles Were partially HUed with water. In the right 
bottle pure Beiz6l was used whereaa in the left bottle the oil was 
treated with 10 000 ppm ELASTOLT.H •• The closed bottlee were 
lihake<'l by hand for a given time pe-riod. After a settling time of 

about 10 seconds we observe in the rIght bottle a milky emulsion of 
very small oil droplets in water. The water and oil phases are 
hardly separated. in the case of the ~LASTOLT.M. treated all 

(right) we get a coarse emulsi~n by shaking. The s~paration of water 
and oil is nearly compiete after 10 seconds. 



- 25 ­

Fig.19: Diesel oil/water mixtures after shaking and a ~ettling time 
of 10 seconds., Pure oil (right), oil treated wi.th 10 000 ppm 
ELASTOLT. M. (left). ­

- -- --- -, -,-- -------­
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a' ~neral behaviour 
---~------------~~--

The efficiencY of ELASTOLTwM. intreet:.1ng oil spills is strohl11y 
dependent on the dissolving speed of UJe po,,",aer after being q,rl!8d 
ontd oil layers. floating on water. 1'0 Simulate t.hiS ~itulition oli ll. 

1ll.bdratory scale a beaker of 150 IIIIIl diameter was partially fUl~d 

wittl water. oU, waS layered onto lhe. water surfacetoa t:hi~ki1~lf15 

of 5 1tlI\I. ELAsTOLT.H. powder corresponding to to 000 ppll of the 

weight: of oil was "holllOleJ)eOIiSly· sphsdon the oil layer • 

.' 

Pig.20;	 Side view of an oil layer ftoAUn9 on. water.ELASTOL'f·H. 
was spread on top of the oil !hd ~edimenled to the oil/VAter
interface from where it dissolves. . 

After applicationt the powder rapidly sedimented to the water/oil 
interface (Fig.20). Ftom there, the pta component gradually 
dissolved in the oil phase, whereas the water-insoluble salt 
re~ained in particulate form at the intet~ace. As a ~easure of the 
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eHecUve solution conc.ntraHon wt ~.t.~rJllined t:heo-il soluHdh· 

VlAco~!t:y As $ func;:tionof thie. tor t:h~s purpose Silall lldp~~ll 1tere 
withdravn at. different tinie intervais usihq II syringe, Pr!t!AuUbt:\!l 
were taken not to collect un~i8solv~d Ple. 

b) Solution dscosHy with and without agitation 
----------------------~-----------~-------------

figure 21 shows the solution viscosit:1 vers~s lo-garithmic tiMe 4S 
': , 

deasured for f~eloil at a po~derconcentration of to 000 ppm. In a 
first test series depicted by full circles the dissolving of 
ELASTOLT ~+I. 

en SO 
10 /0.... r 
0­
E . 0
'-' wIth agIt~tlon;l 

I
o 

I 
o 

c 
o 
-rt
 
4J
 
:J 
rl 
o 20 
m / .1

° wIthout ag1tetIcn J'
/ . / 

kJ-0 -.-t-t-'-'_· '-1 
O+----,.---.----,.----:--T-~ 

0.1 i. 0 fO. 0 100.0 

res idenc:e time [h] 

Relative solution viscosities .of fuel oil layers (5 ID1I 
thickness) floating on top of ~ater versus time elapsed 
after application of ELASTOLT.M. by sprayineJ (concentra­
tion 10 000 ppm related to the total weight of oil) with 
(open circles) and .without: (full circles) gentle AHrtineJ. 
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took place without any Agitation.. Of)vious).y, ·in that case a 

aignificant increase '~f the solul:lol1 Hftoosity is only obs&r~&d at 

HllIell greater than 100 hO~B. 

In. a second serles of t~St:1I a gentle agitation was attained by 

s~irring. ~ schematic drawing of the arrangement is shown in 

Plgure 22. The rotary speed of the stirrer was 0.5 revolutions per 
sl!cond. As 'can be seen frolll Flg •. i1 the gentle agitation dr4s.tica11y 

ihcreases' the speed of dissolving (open circles). A signiHc4nt 

ihcrease In the oil solution viscod t:ywas observed after only 0.5 
hours •. 

J 

n =0.5 rps 
.. .. 

',. : ", -..... 

~ .' 
ELASTOLlM 

. powder 

. . .. ';. ..... ',. . . on top of interface 
• •• • 0 •• , 

.• ·."0 . ..' . " "0 ........
 
..... ... : . " . . . water 

Fig.22: Expe-cilllentl!ll arrangement tor the dIssolving tests with 
stirring. 
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similar dissolvingte-sts withsHrr1ng were pertormec5 "ith .IiAHpUll· 

o'iU. !be relaH'Ie sO~ution viscoSities TIt (solution v!.scoAH:y 
tUated to the oil viscosity)' verlluat:bii oit viscosity Tlo au.· 
plotted in Pigure 23. T~edata obt6irted by this method are mote 
complelt to interpret than those obtained by rolling -(eL ~i98. 2 

and 3). This is because .part:ial e9.apout:ion of the oil has t:o be 
taken into account whicn is different for .the various solve~~8~ This 
explains why viscosities from the st:lrring experiment may be higher 
than tho9~-for solutions prepared by rolling in closed glass 
bottles. 

•	 T =2S ac 
0 pel~oleum40~ 

Ill-
f=" 

>l. 
-J.l .... •-~oII) 

a	 . transmission lubricant f u 
III	 spirldte oil p@lrof@um.....	 • 
> • 

IItil 20 
>	 •fuel oJl.....	 transfor mer ail .... 
II....	 

•II 
c- H) I1ARCOl I.... 

1 
1 2 5 10 20 50 fOa 

011 viSCosity tlo (mpa·51 

Fig.23:	 Relat:ive viscosities of the. various oil layers measured at 
the end of a 24 h stirring period. The initial powder
concentration was 10 000 ppm related to the total ~ei9ht of 
the oil on water. 



,.. 30.,. 

~!_E~~~;~~~~_~~_~~~~~!!~~_~~~~ 

~y comparing the viscosities determined for solutions l>reP4ted by. 

rolling and the reault:s Obtained in the dissolvingtest.s trit.h ClenU~ 

IIHrdng (neglecting the influence' of partial evaporation) tid oell\ 

l!valuate the time necessary to dissolve' an effective concentration 

bf 2 000 ppm BLASTOLT.M. out of a total poWder concentration ~f 

10 000 ppm. The necessary times are plotted in Figure 2~ 8S 8 

function, of the oil viscosities flO (double-log representation). The 

increasing dissolving time is apprnximately proportional to th~ oil 

I7iscosity. 

10 

... 
..... 
s::. ...... 

5 

111 
6 
..-I 
.j.J 

OJ 
c ..... 
> 
r-l 
0 
It) 
It 
"1"t 
u 

, 
2 ... 
1 

0.5 

/ . 
• 

0.2 /
0.1 

1 2 

• 

5 1{) 20 50 100 

oil viscosity '10 {mpa·5] 

Fig.24:	 Dissolving time for 2 000 ppm ELASTOLT.M. out of an ini ­
tial powder cOncentration of 10 000 ppm versus oil viscos­
ity. The .effect of partial evaporation during stirrihq it 
neglected here. 
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the data in '19.24 can at least approilmately be general(~ed to 
~lltimate the effec't of telllperatur.e on the dissolvlng u.~. rot" 
Instance, if theviscosHy of the oU increases by a factor It when 
~he temperature is lowered by AT compared to room temperatute, the 
necessary dissolving tiee of the powder will be longe~ by ~he Ba~ 

fador lr. 

~!_~!~~2!!!g~_~e~~~~_!~~!!~!2~!_~~~~~~~~~!~~~ 

.the effe~t of powder concentration on the speed of dissolvlngls 
demonstrated in 'l'~ble Sfor petroleum. ELASTOLT.M·-concentut!orls 
of 10 000 ppm (as in FilJ.24) and ,of 4 000 ppm were used. It is 
Clearly Been that the necessary tinie to dissolve20t of the initial 
powder is signl f icantly shorter for' the smallerrconcentration (11. 8 
and 8.4 min, respectively). This means that the dissolving times 
given in Fig.24 for 10 000 ppm powder cannot be generalized for 
other concentrations. However; since for practical applications the 
ELASTOL'l'·H. concentrations will ptesumably be lower, we can reqard

I " 

the data of Fig.24 to represent an upper limit of dissolving times 
for the 'relativ"ely weak kind of agitation used in our ·tests. 

Table 5: Comparison of dissolving times for two. different 
ELASTOLT. Jti. concentrations in petroleum (~vaporaHon 

neglected) with stirting as in Fig.22. 

powder dissolved necessary solution 
concentration 

[ppm] 
fraction 

(ppm ] 
di550lVinj time 

[min 
viscosit}'

[illPll-8] 

4 000 800 8.4'" 1.93 
4 000 4 000 39 !l.51 

10 000 800 6.0 1.93 
10 000 
10 000 

2 000 
10 000 

" .8'"
78 

2.99 
1B.9 

". 20'-values 



Ariother result\:.hat can bededuc~d from TableS concerneethe 

dissolving time for.a .9iven· absolute. COr)~.ntration of the 

solut ion, e ."9' 800 pi?». ·lfhereas fot :4. 000 ppm applied powder a 

dissol v Ing time of e.4 min is nee~ss.a"tythe sliJneconcentratLon 

will be ~chieved wit.bin only 6.ci.m1n.·U· 10 '000. ppm of powder 

are spread Ol'lto .th~ 011 layer. Thls.l:'esul t; is not at all 

surprising bu't b~ to be kept in lIt.ndfor practical 

applications. 

IV~ Wate.r/crude oil emulsions 

The format ion of extremely stable' wa:ter- in-cr'ud~ oil emulsions, 

often called "chocolate lIlOusse" , . is a .major problem in 

combatting. ~i1 spilis .at sea. These ,emulsions are highly 

viscous and their water oontent oan be as high as 90'. They 

are difficult to c'ollectand even more difficult to dispose 

of. According 'to A.redie et al. [9 ] the formation of' these 

mousses depends on the presence of both wax and aspal thenes 

in th~. crude .oi 1 •. These authors suggest tha.tvax!asphal t.ene 

crystals may stabilize .small lo'aterdroplets in the· oil, 

leading to a dramatic increase in viscosity. 

In order to produce wchoco.late mousse" on a labora.tory scale 

we performed experiments with various w·ater-in-oilmix·tures. 

In one series of· testsdiffereot .oil-water· mbttures were 

i:reatedwitha shaker (Wred c!evil"} in .closed·bottles for 

15 min. 1\5 expected the forma tion .of a stable emu 1s ion could 

not be observed for delo'axed and de~s.phdltenized oils lik" 

transformer oil or HARCOLT.M. 82. After a settling tim~ of 

several minutes the water and oil phases separ·ated.· For. the 

crude oils listed in. Table 2, however, stable ....Olter-In-oil 

emulsions were eas.ily produced by shaking. &ven after a 

settling period of 24 hours no phase separation was observed. 
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The 1II0St stable"mou~se" could:be produeed with Arabmed (~o = 
18 mPa·s) for: which a sU~4en rise in.·viscosity of the emulsion "lilS 

obserlT~ "lith inct"easl.f19.cwater conten.to·FOt:. ~ .70\ ...at.er-in-:9U elllul-· 

sian a viscosity of20 ..Pa·os"asllle~surea~:l!hel:eas for 80\ (90\) 

water content 6 .1 (8 :1)paos ~er.l;lo~se.t,"Ved.. 

When the same expe~iment8 were~epeated on Ara~ed treated with
 

2 000 ppm EL~STOLT.fIt~· the sudden' riselnviscoslty in going from
 

70% to ao% wat.er con:tentwas re~\Ice4 by at least a factor of 4 _ For
 

both 80\ a~d 90\ wat.er cc:illtent viscosit.iesof about 1.5 Pa-s were
 

measured indicating·that F.L~STOLT_H.·improves the pumpabUity of
 

. "chocolate mousse~. 

( 

Fig.2S:	 Stiff "chocolate mousse" obt~in~d by shaking Arabmed ·with 
90\ water for 15 min in the reddevll (right). Crude oil 
treated with 2.000 ppm EL~STOLT.M. (left). 

Fig.25 demonstrates· that without ELASTOLT.M. II stiff and stable 

emulsion with yield stress forms. When treated with ELASTOLT.H., 

however, the Arabmed/water Ifti xture wa~ fluid even at very low shear 

stresses and had to. be kept in a· container. Also a tendency to phase 
,.. ......... _ .. ~ ~,.. .... h .... ~ ...........__..·~a".. __,:II ..... a _ ...... rl'ao ......
_of' 
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Fig.26:	 Light· micrographs of 90\ water-in-oil emulsions with Arabmed 
(magnification: 66 fold) 
~) withollt ELASTOLT.I'l. b) with 2 000 ppm ELASTOr,T.M. 

a) 

b) 
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Microscopic analysis of emulsions produced from, Arabmed a!1d 90' 

vater was can:ied out (,Fig.26).Panel'(a),6hows the ·chocolate 

mousse- formed with un,treated ArablQed ,vhereas Panel (b) demonstrates 

the effect of inclusion' of 2 000 Jilpm ELAS'l'OtT .M'o • Bath pictures 

lllu,strate the wa,ter-in-:oil character of thi,s ellIulsion, but for 

ELASTOLT.H. treated Arabmed ,the sbe of,' "the ,water droplets ,is 

significantly smaller; 

oil layer 

'. :., .. .. :-. 

, bucket-wheel 

. . . .' .water-	
" 

. . ".... ~ . . '.' : .... ,.; . 

,~-,~----- 250mm -----0-1 

Fig.27:	 Experimental arrangement' for the formation of ·chocolate 

mousses" from crude oil layers 'floating on wat~r. 

In order toaimulate the formation of ·cho,eolate mousSe· from crude 

oil layers floating on water more realistically, the apparatus 

schematically d~picted in Fig.27 waS used. Here trie ,fluid was 

repeatedly picked ,up by a bucket-wheel and s'ubsequently poured out 

onto the surface. In this arr~gement the formation of stable 

emulsions was observed ,after 'stirring for less than 4 'hours. After 

4 hours the "chocolate mousse- formed with untreated Arabroed had' a 

viscosity of 2 Pa·s. 



Fig.28: "Chocolate mousse-obtained with A.rabmedin the bucket-wheel 

arrangement. 

In addition, the bucket-wh-e~l arrangement clearly shows the 

influence of evaporation. In Table 6 the emulsion vis.cosities 

measured after var;ious stirring and eve,po-ration periods -are listed. 

Table 6:	 Viscos i ties for "chocolate mousse" formed wi th l\rabmed in 
the bucket-wheel arrangement (Bhear rate 2 5- 1 ). 

stirring time 
[ h J 

4 
8 

12-------.._-------­
16 

residence time 
[h 1 

( 

32 
100-----104-------­

110 [pa.s] 
untreated 
crude oi 1 

2.0 
7.8 

12.2------5:;;;;------

Tlo [pa·s]
 
wi th 2 000 ppm
 

ELASTOLT.M.
 

1.4 
2.0 
2.7 

* Addition of 2 000 ppm ELASTOLT.H. to the "chOCOlate mousse" 
obtained from untreated Arabmed after TOO hours • 
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stirri~ intervals of 4 hours and various rest periods bave be~n 

aPf~ie~. T~e first columq gives tpe total stirring ti~e and the 
seco~ column the totalcesi~ence time of t.rabmed in the bucltet­

wheel test. For the untreate4 crude oil the first stirring int~rval 

yield& a "chocolate moul;$e" of 2 Pa·s. With increasing residence 
tillle due toevaporatiofl tile ".-o\l8Se" viscosity incl:eased up ~ 

12.2 Pa·s (100 h). 

When 2 000 ppm ELASTOLT.M. powder were spread on the lDO\lsse a ~rop 

in the emulsion ~iscoBity to 5.4 pa·S was observed after ~oth~r 

stirring per iad of 4 hours <last Hne in Table 6) • This means that 
the pqmpability of the emulsion is improved and the advantage qf 
ehsticity is obtained by application of ELASTOLT.K. even after 
the formation of a stiff "~ous6e·. When ELASTOLT.K. was spread on 
the oil layer at the beginning of the test, vb:. be·fore the: 

for_at ion of a "chocolate mousse", the effectv~ viscosity red~ction 

~as even IlOre pronounced (foljrth COlURIOI. 
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Results on ELASTOLT.M. t~eated oils abtained by otber autbors 

~_~U!i!~~~~!!!_~!~!9~E£!~!-!~~hg~!~9~_Ql~i§!~9L_Q!!!~! 

In an exten~~ve study 80b~a lind Ptngas et al. [10] investigated the 
effect of BLASTOLT.H. on eight different crude olls as well as 

diesel i~ both small scale laboratory experiments and large tank 
tests with and without waves. 

In order ·to measure the elastic properties 6f ELASTOLT.H~/oil· 

solutlons these investigators made use of the die swell pbenom~non: 

The di~eter of a visCoelastic fluid extruded through a small 
Capillary is greater than the die diameter I depending on the df!gree 

ot elasticity of the soil.\tion. A distinct die swell "as observf!d for 
El.oASTOLT.M·/oil solutions •. The effect increased with increllsin';l 
IIlh:in9 energy, powder COf\Centriition,. and temp,~ture. 

, 
BLASTOLT.M. had no effect on flash point and evaporation data. 

It could be shown that the spreading .of oil slicks on calm wataris 
reduced by addition of larger amounts of ELASTOLT.M. (> 5 000 ppm). 

The reduction depends on the ~uantityof E~TOLT.H. actually 

dissolved in the oil. In the case of Alberta Sweet Mixed Blend, 
(AS~) crude oil wi·th TID • 9.2 mPa·s and a powder concentratioll 
of 6 000 ppm the spreading "as reduced to 1/3 of the value without 
ELASTOLT.M·I 

Concerning the formation of water-in-crude oil emulsions it is 
reported that ELASTOLT.H. has only a weak influence on the 
e~ulsion formation tendency, but the water content of the ·cho~olate 

mousse" is reduced considerably. For instance, 1 litre ·E~ulsifying 

Mix· (= ASHB/Bunker C 1:1) forms 10 litres of stable emulsion, after 

addition of 6 000 ppm t:LASTOLT.H. only 4.3'litres are produced. 

This behaviour iato some extent still va~id when t:~TOLT.H. is 

added after'the emulsification process. 

r
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I~ &~AII scale wave gene~at!D9 tank tests (35 litrescontent) it was 
fQ~nCl that ELAS'l'OLT.". treated oila have a I·ower fraction . 
dispersed in the waterpbase t~an untreated oils.~urther.ore, for 
Jaor;;t of the oils ·the water content of ELAS'l'OLT.K. treated 

em~16ions was significantly teduceCl (on average 65' less for 
6 000 pp.). At the 
e~ulsification was 

&~.e ti~ the increase!n viscosity due to 
strongly suppressed by ELASTOLT.M •• 

The authors report 
viscoelasticity in 

that the effect of ELASTOLT~M. 

the pr~sence of.salt water was 
on 
only slightly 

smaller than wi th fresh water. 

The APplication of a dispersant and ELASTOLT.H. at the s~e ti,e 
re(luced the dispersant effectivity by 70~, however, the ~ount of 

dissolved oil was still by a hctor ofl 000 higher than withOl;lt 
.dispel:'sant. ... If" 

ELAS'fOLT.M. did not negatively affect the ·efficiency of an 
emulsion inhibitor applied at the same time. 

Large scale tha9k ~ests with waves (75 1 Norman Wells crude oill 
showed that the dissolving speed of the ELASTOLT.M. powder is 

increosed with growing wave height (mix~ng energy). Purthermore, is 
was observed that in the case of ~aves the powder may be sprea4 in a 
r~ndo. manner· without disadvantages for the dissolving speeCl and the 

homo~enity of the final solution. 

An oil spill of 75 1 kept in booms (waves height 10<' em) could I)early 
cO~Pletely (70 1) be recovered by a Morris MI-2C ski~er after the 
addition of 6 700 ppm ELASTO~T.M •• 

The ppsitive results of further te~~s with.ELASTOLT.M. perfor~~d 

off-IIPPJ:e by H.f'ingjls (Environment Canada)· will be published !n the 
ne/tr tutuJ:e. 
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~l_!!!!~~_~~!!_!~~~~L_Y!~_!!E!l~ 

At t~e Versuchsanstalt tur ijasserbau und Schiffbau (VMS) D.O. pebius 
(11] perfor.ed containment tests in a 60 • long and 2.5. wid~ 

~sin. An amount of 5 1 of oil was placed on one side of a booll 

wbich could be spvedby a towing carriage at variable speeds. ~e 

qu.ntity of .~nterest was. the bo~ velocity atwbich the first 
droplets appear on the backside of the boom (drainage failure). 

In the case of calm water a concentration of only 1 000 ppm. 
BLASTOLT;H. was sufficient to increase the critical velocity 
froll 0.24 mls to 0.49 111/& for an oil of." -22 lDPa.s vil!cosity 
I AACltOLT.M. 82). For M oil of higher viscosity (PRIMOL'l'·M.· 35~, 

TID '" 713 mPa.s) the. increase ~as not so pronounced, an effect. which 

llIO~t probably is due to incomplete dissolving of the ELAsTqL'l'·tt. 
powder at the applied mixing time of 1 h.• 

Witb waves of wave length 1.5 Il and 0.13 Il wave height a ctitipal 
boom velocity of about 0.30 ~/s was measured on MARCOLT.H. 82. 'l'he 
application of 1 000 ppm and 3 000 ppm BLAsTOLT.H. iqcreased tpe 

cdtical veloc~ty up to 0 •.36 and .0.42 mis, respectiv~ly. 
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United States Testing Company, Inc. 
BIological 8e~. 

1416 Park Avenue
 
Hoboken, New Jersey 07030
 
Tet 201·792·2400
 March 17, 1992 

L. Fax: 201 ·858·0836 Jac,,- 5camboa 
Environmental Recovery Resources 
35 Smith Rid~e Ro~d 

South Salem, New York 10590 

DQar Mr. Scambos: 

This letter is with regard to our conversation earlier today. You
 
were interested in further interpretation of testing perforllle.d by USTC
 
versus your product "Elastol". The stUdy you were concerned with was
 
pertormed. for General Technology Applications I Inc. in March and April
 
of 1.987 (USTe Report #06589.). You wanted an interpretive sUl\\I1\ary,
 
since none was given with the report. The nl.Ul'\erical summary follows:
 

'toxicant Artamia 48hr LeSO fundulus 96hr LeSO 
Elastol >18,000 ppm >18,000 ppm 
Elastol + Oil >3,200 ppm >18,000 ppm 
#2 Fuel oil 600 ppm 3,200 ppm 
aSS (ref toX) 12 ppm 18 ppm 

; 

Review of the report indioatc:ls that the product demonstrated no acute 
toxicity to either Artemia s~l1na (brine shrimp) { or Fundulus 
heteroclitus (XlIIi fish), at exposure levels up to 18,000 ppm (the 
high:st product'concentration tested). 

When mixed with #2 Fuel oil (1:10 ratio of productto oil), the product 
de~onstrated no to~icity to A. salina at an exposure leval of 3200 
ppm. At 3aOO ppm, the produot/oil Illixt.ure contained 320 ppm Elastol 
and 2,880 ppm .2 Fuel oil. Since the. toxicity or 12' fuel oil was 
determined to be GOO.ppm, E1asto1 caused an apparant toxicit.y reduction. 

When mixed with #2 Fuel oil, the product demonstrated no toxicity to 
F. heteroclitus at an exposure level of 18,000 ppm. At 18,000 ppm, 
the product/oil mixture contained 1,800 ppm Elastol and 16~200 ppm 
~2 Fuel Oil. Since the toxicity of '2 Fuel Oil was determined to be 
3,200 ppm, Blastal caused ~n apparent toxicity reduction. 

Bear in mind that I was not involved in the above mentioned testing, 
and can only interpret what was reported. If you have any questions, 
a. if I can be of further servioe, do not hesitate to call me. 

'tirdt2& 
dJIf!~ooke 
Mgr, Ecoto~icology 



United States Testing Company, Inc.
 

Biological Services Division
 
1415 PARK AVENUE. HOBOKEN, NEW JERSEY 07030 • 201-792-2400 

E:ST.'~ 

REPORT OF TEST 

EPA Standard Dispersant 
Toxicity Tests 

of 
BLASTOL 

Conducted for: 

General Technology Applications Inc. 
7720 Mason Kin9 Court 

Manassas, Virginia 22110­

April 14, 1987 

TEST REPORT NO. 06589
 

SIGNED FOR THE COMPANY
 

~~~. 
Daniel Dr~dowski 

V.P., Hgr, Biological Services Division 
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United States Testing Company. Inc. 

~: General Technology Applications Inc. 06589 
4/14/87 

Project:	 EPA Revised Standard Oil Dispersant Toxicity Test 
(July 1984) 

Sample:	 An' oil coagulant submitted and identified by the Client as: 

Blastol (fine white powder) 

Procedure:	 Tests were in accordance with the BPA wRevised Standard 
Dispersant Toxicity Test-, Federal Register, 49: 139, p. 29204­
29207. 

Note:	 When blended and mixed with the salt water test medium, as 
specified by the EPA method, Elastol remained ~argely undissolved. 
Elastol-oil combinations formed into a sticky, rubbe~y substance. 

Summary of Results: 

Artemia salina Fundulus heteroclitus 

Toxicant 
48 hour LDso (ppm) ~ 96 hour LD50~ 9S" CI 

Elastol >18,000 N/A >18,000 Ii/A 

12 fuel oil 600 3200 

1:10 mixture, El.astol 
and 12 fuel oil 

>3200 N/A >18,000 N/A 

DSS (~eference toxicant) 12 18 
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United States Testing Company, Inc. 

~: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

Sample: Blastol
 

Test Dates: 3/26 - 3/30/87
 

Organism: Pundulus heteroclitus
 

Test Cone. t Mortality (hours) Initial Final 
(ppm) 24 48 72 96 D.O. pH D.O. pO 

Control 0 0 0 0 7.0 7.8 7.0 -7.9 

10,000 0 0 0 0 7.0 7.8 4.0 8.0 

18,000 0 0 0 0 7.0 7.8 4.0 7.9 

Temperature: 22·C 

Dilution water: Artificial SeaWater 

Salinity: 20 ppt 

Source: Scientific Suppliers
i weight: 1 - 1.5 9 
i length: 40 - 50 mm 
no./conc: 10 

Summary:
 

LCso' >18,000 ppm
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UnHed States Testing Company, Inc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

~: Blastol 12 Fuel Oil (10:1)
 

Test Dates: 3/26 - 3/30/87
 

Organism: Fundulus heteroclitus
 

Test Cone. l Mortality (hours) Initial Pinal 
(ppm) 24 48 72 96 D.O. pH D.O. pH 

Control 0 0 0 0 7.0 7.8 7.0 7.9 

10,000 10 10 10 10 7.0 7.8 4.0 7.9 

18,000 10 10 10 10 7.0 7.8 4.0 7.9 

Temperature: 22"C 

Dilution water: Artificial Sea Water 

Salinity: 20 ppt 

Test organism: Source: Scientific Suppliers
i" weight 1- 1.59 
i" lenqth 40 - 50 mm 
no./cone 10 

Leso: >18,000 ppm 

-3­
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United Sta.es Tes.lng Company, Inc. 

~: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

~: Elastol
 

Test Dates: 3/26 - 3/28/87
 

Organism: Artemia aa1ina
 

Test Cone. t Mortality (hours) Initial Final 
(ppm) 24 48 D.O. pH D.O. pH 

Control 0 0 7.0 7.8 7.0 8.0 

10,000 0 0 7.0 7.8 7.0 8.0 

18,000 0 0 7.0 7.8 7.0 8.0 

Temperature: 22·C 

Dilution water: Artificial Sea Water 

Salinity: 20 ppt 

Test organism: Source: In-house culture 
age 24 - 48hrs 
no./conc: 100 

Summary: 

LCso: >18,000 ppm 
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UnHed States Testing Company,lnc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

~: Elastol 1:16 with '2 Fuel oil
 

Test Dates: 4/3 - 4/5/87
 

Or~anism: Artemia salina 

Test Cone. t Mortality (hours) Initial Final. 
(ppm) 24 48 D.O. pH D.O. pS 

Control 0 0 8.0 7.8 6.5 7.9 

32 3 3 8.0 7.8 6.S 7.9 

100 0 0 8.0 7.8 6.5 7.9 

320 0 0 8.0 7.8 6.5 7.9 

1000 0 0 8.0 7.8 6.5 7.9 

3200 0 3 8.0 7.8 6.S 7.9 

Temperature: 21·C 

Dilution water: Artificial Sea Water 

Salinity: 22 ppt 

Test organism:	 Source: In-house culture 
age I 24 - 48 hrs 
no./conc: 100* 

*Note: n=60 organisms/conc. were used' for confirmation tests.
 

Summary:
 

LCSO: >3,200 ppm
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United States Testing Company. Inc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results 

~: No. 2 Foel Oil alone 

Organism: Fundulus heteroclltus 

~~: 3/5/87	 - 3/9/87 

Percent Mortality 
Test Cone. 

(ppm) (24) 
(hours) 

(48) (72 ) (96) 
Initial 

D.O. pH 
Final 

D.O.• pH 

Control (0) 0 0 0 0 9.0 7.7 8.0 7.6 

100 0 0 0 0 8.8 7.6 8.0 7.6 

1000 0 0 0 0 8.6 7.6 8.0 7.6 

10000 0 a 70 100 8.0 7.6 7.0 7.6 

Temperature: 1.9:!:1·C 

Dilution water: Artificial Sea Water 

Salinity: 20 0/00 

Test ·organism:	 Source. Scientific Suppliers (Massachusetts 6 N.B.)
X weight. 1.0-1.5g 
x length: 45 mm 
no./conc.: 10 

SUDIIlIary: 

LeSO' 3,200 ppm 

Laboratory Note: The above test was run for reference purposes 
only. In five separate tests conducted previous to this project, 
dating. from 1983 to 1986, the toxicity of .2 fuel oil to Pundulus 
has been reported as >1,000 ppm to >10,000 ppm. At 10,000 ppm 
(1\ in water) there Is a significant 011 slick which can directly 
adhere to and irritate swimming organisms. 

-6­
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United States Testing CompanY,lnc. 

Client: General Technology Applications Inc. 06589 
4/14/87 

Toxicity Testing Results
 

Sample: N~. 2 Fuel Oil only
 

Organism: Artemia salina
 

~~I 3/6/87 - 3/8/87
 

Percent Mortality 
Test Cone. (hours) Initial Pinal 

(ppm) (24) (48) D.O. pH D.O. pH 

Control (0) 0 0 7.0 7.6 7.0 7.6 

100 0 20 7.0 7.6 7.0 7.7 

.1000 0 70 7.0 7.6 7.0 7.5 

10000 0 100 7.0 7.6 7.0 7.4 

Observation: Physical entrapment of organisms in surface oil 
contributed to mortality. 

Temperature: 21+1'C 

Dilution water: Artificial Sea Water 

Salinity: 20 0/00 

Test organism: Source: San Fransisco Bay Type (cysts) 
age newly hatched lab culture 
no./conc.: 100 

SWIlIIIary:
 

Leso: Approximately 600 ppm (range 1000 - 10,000)
 

Laboratory Note: The above test was run for reference purposes 
only. In five separate tests conducted previous to this project 
dating from 1983 to 1986, the toxicity of '2 fuel oil to Artemia 
has been reported in the range of 600 ppm to >3200 ppm. The 
organism is very small (less than 1mm) and thereby susceptible to 
scavenging by oil droplets or slicks. Mortality is not always 
attributable to chemical toxicity. 
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United States Testing CompanY,lnc. 

Client: General Technology Applications Inc. 06589 
f/14/87 

Toxicity Testing Results
 

~: Dodecyl sodium sulfate (reference material)
 

Organism: Fundulus heteroclitus
 

Test ~I 3/5/81 - 3/9/87
 

Percent Mortality 
Test Cone. (hours) Initial Final 

(ppm) (24 ) (48) (72 ) (96) D.O. pB D.O. eB 

0 0 0 0 9.0 1.1 7.8 7.0 

3.2	 0 0 0 0 8.8 7.2 7 •.8 7. 1 

10* 0 0 0 0 8.8 7.2 7.6 7. 1 

32 100 9.0 7.1 7.8 7. 1 

100 100	 9.0 7.2 8.6 7.2 

*10 ppm exhibited stress, but no death 

Temperature: 20~1·C 

Dilution water: Artificial Sea Water 

Salinity: 20 0/00 

Test organism: Source: Scientific Suppliers (Massachusetts' N.B.)x weight: 1.0-1.59
 x length: 45 DlID
 
no./conc.: 10
 

SUllllDary: 

Leso : 18 ppm 

Laboratory Note: The above test was run for reference purposes 
only. In five separate tests conducted previously, dating from 
1983 to 1986, the toxicity of DSS to Fundulus has been reported 
as 2.7 ppm.! 1. 4 ppm. 
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United States Testing Company. Inc. 

Client: Gamlen Chemical (Division of Sybron) 06589 
4/14/87 

Toxicity Testing Results
 

Sample: Dodecyl sodium sulfate (reference material)
 

Organism: Artemia salina
 

Test~: 3/11/87 - 3/13/87
 

Percent Mortality 
Test Conc. (hours) Initial Final 

(ppm) (24) (48) D.O. pH D.O. pH 

0 15 7.0 7.8 7.0 7.8 

3.2 0 25 7.0 7.8 7.0 1.8 

10 0 45 7.0 7.8 7.0 7.8 

32 15 60 7.0 7.9 7.0 7.9 

Temperature: 21~1'C 

Dilution water: Artificial Sea Water 

Salinity: 20 0/00 

Test organism: Source: San Pransisco Bay Type (cysts) 
age newly hatched lab culture 
no./conc.: 100 

Summary:
 

LC50 (and 95i confidence limits): 12 ppm (4.8 - 30 ppm)
 

Laboratory Note: The above test was run for reference purposes 
only. In five separate tests conducted previously, dating from 
1983 to 1986, the toxicity of DSS to Artemia has been reported 
as 4.5 ppm + 2.7 ppm. 
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United States Testing Company. Inc. 

Client: General Technology Applications Inc. 06589 
4/14/8­

Project:	 EPA Revised Standard Oil Dispersant Toxicity Test 
(July 1984) 

Sample:	 An oil coagulant submitted and identified by the Client as: 

Elastol (fine white pOWder) 

Procedure:	 Tests were in accordance with the EPA -Revised Standard 
Dispersant Toxicity Test", Federal Register, 49:139, p. 292 
29207. 

Note:	 When blended and mixed with the salt water test medium, as 
specified by the EPA method, Elastol remained largely undissolvE 
Elastol-oil combinations formed into a sticky, rUbbery substanCE 

Summary of Results: 

Artemia salina. Fundulus heteroclitus 
48 hour LD sO (ppm) 95% CI 96 hour LD50~ 95% 

Toxicant 

Elastol	 >18,000 N/A >18,000 - N/i 

t2 fuel oil 600	 3200 

1:10	 mixture, E_l~stol >3200 N/A >18,000 N/. 
and '2 fuel oil 

DSS (reference toxicant) 12	 18 
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United States Testing Company, Inc. 

Client:	 General Technology Applications Inc. 06589 
4/14/8 

Project:	 EPA Revised Standard Oil Dispersant Toxicity Test 
(July 1984) 

Sample:	 An oil coagulant submitted and identified by the Client as: 

Elastol (fine white powder) 

Procedure:	 Tests were in accordance with the EPA "Revised Standard 
Dispersant Toxicity Test", Federal Register, 49:139, p. 292 
29207. 

Note:	 When blended and mixed with the salt water test medium, as 
specified by the EPA method, Elastol remained largely undissolvE 
Elastol-oil combinations formed into a sticky, rubbery substanCE 

Summary of Results: 

Artemia salina Fundulus heteroclitus 
48 hour LDsO (ppm) 95\ CI 96 hour LD50~ ~ 

Toxicant 

Elastol	 >18,000 N/A >18,000 Nil 

'2 fuel oil 600	 3200 

1:10	 mixture, al~stol >3200 N/A >18,000 N/; 
and 12 fuel oil 

DSS (reference toxicant) 12	 18 
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Attachment 14
 

Abalone Larval Development Test Memorandum
 



MEMORANDUM 

TO: All 

FROt'I: Al Hadel'lllann 

DATE: June 29, 1992 

SUBJECT: Abalone Larval Development Test 

I read 'Abalone Larval Development S~ort-Term Toxicity Test Protocol,· which 
received from the Calffornia State Water Resources Control Board. This 
information can be used to better understand the significance·of the results 
on Elastol. 

The Organ i SIB 

Male and female ab~lone (7-10 cm length) are used to prOVide fertilized eggs
under controlled conditions. Eggs are placed in saline solutions, containing 
potential toxicants, before the first division occurs. Thus, all division and 
growth of the single cell embryo to a trochophore larva, which hatches and 
develops into a veliger larva, occurs in the presence of the potential 
toxicant. T~is all occurs in 48 ~ours. At the end of 48 ~ours, formalin is 
used to fix t~e larvae. The larvae are then individually inspected for 
evidence of normal and abnormal development. A1t~ough not inclusive, abnormal 
development involves shell development defects. 

Toxicity Determination 

Toxicity is expressed as %of larvae with normal development. A control 
laboratory sample, with no added toxicant, typically can s~ow 83.4% normally
developed larvae. A reference toxicant containing 18 micrograms/liter of zinc 
ion could show 77.6~ normally developed larvae, w~ich is not statistically
significant. On the other hand, at 32 micrograms of zinc ion/liter,. only 6.6% 
of normally developed larvae were seen. The no effect concentration (NOEC) in 
this case is 18 micrograms/liter of zinc ion, while the low effect 
concentration (LOrC) concentration 1s 32. 

All of the f~llowing Elastol extract concentrations showed fewer abnormally
developed abalone larvae than either t~e control-lab or blank samples run at 
the same time: 0.1, 1.0, 3.2, 5.6, 10.0, 18.0, 32.0 and 56.~. None of these 
Elastol samples differed significantly from the percent of larvae with normal 
developaK!nt in the reference samples . Ac1:ua.lly,•. however , all El asto1 results 
were slightly 1ess toxi c than the. "norr~toii c" re.ferences. No other [1 asto1 
extract tests were run between 56.~and 100.0%: Since the 100.~ test 
suggests that there was no "saline habitat" for the larvae, the number of 
abnormal larvae may be an artifact of the test. 

Conclusion 

Elastol.did not interfere with the normal development of abalone larvae. The 
test at 100.0% was forced beyond the c~aracteristics of the medium to support 
the organisms. Therefore, the NaEC of 56.~ and the LOEC of 100.0% are 
conservative. 
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Executive Summary 

This report provides a summary of the data used to verify PM and NOx reduction 
effectiveness of Viscon, a polymer additive, when mixed with No. 2 California 
specification diesel fuel for operation of heavy-duty off-road diesel engines. 

Particulate emissions were reduced 37% and NOx was reduced 21 % with the Viscon 
treated fuel at standard concentrations when compared to baseline data operating on 
diesel fuel alone without the additive. These results are based on steady-state 8-mode 
engine dynamometer testing of a Caterpillar Model 3306 diesel engine. The 8-mode 
emission/fuel consumption testing was done in exact accordance with CARB, California 
Code of Regulations, Title 13, Chapter 14 and EPA regulations as defined in the 
applicable sections of 40 CFR, Part 89. This emission testing protocol is designated for 
heavy-duty diesel engines in off-road applications. 

All emission and fuel consumption testing was accomplished by Emission Testing 
Services, a division of Olson Engineering, Inc. at their ISO 9000-200 I registered 
ECOlogic Engine Testing Lab (EETL) in Fullerton, California. The companies are 
CARBIEPA recognized and listed as qualified emission testing facilities for the work 
reported here. The particular test cell where all the work was done consists of a full 
electric 450 horsepower engine dynamometer for precise control of speed and load. All 
fuel consumption was measured gravimetrically and exhaust emissions of HC, CO, C02, 
NOx and NO were sampled and measured as raw emissions with conventional Horiba 
and Rosemont analyzers. Particulates were sampled and properly diluted with a Sierra 
state-of-the-art Model BG-2 particulate sampler and captured on pre-weighed filter 
media. All raw data measurements were corrected with the applicable factors for 
humidity, temperature and pressure and both raw and corrected emissions are tabulated in 
the Results section. Baseline test protocols and test protocols with the Viscon treated fuel 
were conducted in exactly the same manner in the same test cell with the same instrument 
complement. 

Average differences between the five baseline tests and the five tests with the Viscon 
treated fuel for NOx and PM are as shown below: 

--------Grams per bhp-hr-----------
NOx PM Fuel Avg. HP 

Baseline - diesel fuel 7.09 0.308 178.1 0 137.7 
With Viscon treated fuel 5.57 0.194 177.30 137.5 

% Improvement 21.4 37.0 0.4 

1370 Soutb Acacia Avenue, Fullerton, California 92831
 
714-774-3385 • Fax 714-774-4036
 

Email: dro3409@aoI.com
 
www.etsusa.net www.ecologiclabs.com
 



~ ]
 
These results satisfy the CARB requirements for 20% NOx reduction and Level 1 PM 
reduction (25-50% reduction). 
Summary Report Page one 

Introduction 

This report summarizes the emission data and describes the testing protocol for 
satisfaction of the California Air Resources Board (CARB) Verification Protocol for 
additive fuel solutions to reduce particulates (PM) and oxides of nitrogen (NOx). 

The test protocol is designed to verify the emissions for off-road engine applications in 
accordance with 40 CFR, Part 89. 

Test Engine 

A six cylinder Caterpillar Model 3306 diesel engine rated at 265 horsepower was used in 
this project. This manually controlled engine was rebuilt by the Caterpillar Corporation 
and preliminary testing started with only a few hours of previous operation. 

Test Fuel 

A California specification commercial No.2 diesel fuel was used for all the testing (See 
Table 1). The additive was mixed into the baseline fuel in standard concentrations, by 
the client, for testing emission reduction effectiveness. 

Test Protocol and Procedures 

All emission testing was done by use of the EPAlCARB specified 8-mode steady-state 
test protocols defined in the applicable Federal Register (40 CFR Part 89) for off-road 
heavy-duty engine applications. Raw emissions were sampled and measured under each 
of eight operating modes, corrected for temperature, humidity and barometric pressure 
and finally weighted to reach the final emission result stated in grams per brake 
horsepower hour (gm/bhp-hr). Particulates were simultaneously sampled, captured on a 
pre-weighed filter media for all eight modes, weighed and also reported in grams per 
brake horsepower hour (gmJbhp-hr). 

The test procedure involves engine warm-up under prescribed conditions with instrument 
zero and span checks immediately followed by engine operation for five minutes at each 
of the eight test modes. Emissions are averaged from second-by-second recordings for 
the last two minutes of each mode, corrected, weighted for the individual modes and 
displayed. PM filters are stored in a humidity and temperature controlled environment 
and weighed within one day of collection. 
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Summary Report Page two 

Project Objective 

The objective of this work was to collect the initial emission data required to initiate the 
CARB procedure for verification of a proprietary diesel fuel additive to reduce exhaust 
PM and NOx when compared to the baseline emission levels. CARB requires a 
minimum of 25% reduction in PM and as an option, at least 15% reduction in NOx 
emissions, to obtain official verification. 

Test Additive 

The diesel fuel additive used in this project is named "Viscon". It is a high-molecular 
weight, pure hydrocarbon polymer. The base chemical component for Viscon is 
polyisobutylene (PIB) polymer. This additive was mixed with the diesel fuel by the 
client in a concentration of 1 ounce to 20 gallons of diesel fuel for all official testing. 

Test Equipment and Instrumentation 

The engine dynamometer test cell is equipped with a 450 HP full electric dynamometer 
capable of holding the engille to speeds and loads within the required ± 2% variation. 
Engine air flow is measured and recorded continuously with a calibrated Sierra mass flow 
sensor. Inlet air temperature is measured within 20 cm. of the turbocharger inlet and 
relative humidity is measured continuously at the engine air inlet. Fuel flow is measured 
gravimetrically using a calibrated scale with measurements recorded during the last two 
operating minutes of each mode. 

Exhaust gas is sampled through a heated probe and pre-filter at the exhaust stack. It then 
passes through a heated sample line (350°F) to the Horiba flame ionization detector 
hydrocarbon analyzer. Another sample line routes raw exhaust gas through a refrigerated 
condensate trap/filter to the Horiba conventional CO and C02 NDIR analyzers. This 
same exhaust stream is also routed simultaneously to the parallel connected and heated 
Rosemont NOx and NO chemiluminescent analyzers. Another sample probe as part of 
the Sierra PM sampler system in the exhaust stack routes the exhaust gas into a dilution 
chamber (with programmed air dilution ratios for the different operating modes) for 
ultimate capture on pre-weighed filter media. The Sierra BG-2 Particulate Sampler is a 
state-of-the-art sampling system that has been accepted by EPA as an appropriate 
instrument for the proper capture of exhaust gas particulates. It is calibrated prior to 
every test. 

The dynamometer operation, all calibration functions and collection of data is controlled 
and performed through a proprietary Windows based Wonderware program. This 
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] 
program stores all the raw data and conducts preliminary calculations on the raw data. 
The final calculations are perfonned separately using a proprietary computer template 
Summary Report Page three 

encompassing all the CFR corrections and related fonnulas. The raw and corrected data 
are then printed out in the fonnat shown in this report. All test numbers are consecutive 
and if a test is aborted or discontinued the next test will automatically record the 
subsequent test number. 

The N02INOx Issue 

The CARB protocol stipulates simultaneous measurement of NOx and NO to calculate 
the N02 (NOx-NO = N02). This CARB requirement is based on data that demonstrates 
N02 is fonned to some extent in particulate traps without an apparent overall NOx 
increase. This is not generally an issue with additive treated fuels and simultaneous 
measurement of NOx and NO in this project showed that both NOx and NO 
measurements were always the same within nonnal test variance (see Results table). 

Special Sampling for Exhaust Gas Analysis at Disparate Locations 

Analysis of some exhaust gas constituents had to be done at an outside laboratory 
(Truesdail Laboratories). The test engine was operated at equilibrium steady-state 
conditions with plastic bag or steel vessel containers being used to capture representative 
samples. The analyses of thcse emissions by Truesdail Laboratories is the subject of a 
separate report. 

Emission Testing Services (ETS) 

ETS is a wholly owned division of Olson Engineering, Inc. The company conducted all 
of the dynamometer work reported here at their ISO 9000-2001 registered ECOlogic 
Engine Testing Lab in Fullerton, California. Both ETS and ECOlogic are CARB and 
EPA recognized and listed as facilities capable of conducting emission testing in 
accordance with CARBfEPA protocols and requirements as defmed in the applicable 
Federal Register and in the California Code of Regulations - Title 13. All of the work 
reported here has been conducted by qualified and experienced technicians under the 
direct supervision and responsibility of Donel R. Olson, a registered professional 
engineer in the State of California 

Test Data Accumulation 

Prior to accumulation of official 8-mode test data the engine was operated over a 
repetitive load cycle for approximately 100 hours on the engine dynamometer while 
operating with the baseline diesel fuel. This preliminary operation was to stabilize the 
engine and reach equilibrium baseline emission levels. Five official baseline tests were 
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then conducted (test nos. 8MBL024-8MBL028) and the averages were used for 
subsequent comparison to the additive treated fuel. 
Summary Report Page four 

Upon completion of baseline emission testing the engine was operated over the same 
repetitive cycle for an additional 100 hours with the additive treated baseline fuel. 
Finally, a set of official 8-mode tests were conducted using the Viscon additive treated 
baseline fuel (test nos. 8MLPF 12-8MLPF 16). 

All five sets of data for each emission and fuel consumption average have been used to 
calculate the standard deviation of the data and the corresponding 95% confidence limits. 
All data are within a typical range with normal variances. 

Prior to starting the official baseline emission tests and again prior to starting tests with 
the additive treated fuel the engine oil and oil filters and fuel filters were changed to 
provide the same start-up conditions for baseline and additive treated fuel operation. All 
test conditions, calibrations and operating protocols were within CARB specified limits 
and the same from test-to-test. 

Test Results 

The emission and fuel consumption results of this comparative testing are summarized in 
the following Table 2. The raw data for each mode and individual calculations for each 
test are provided in the Appendix for the five baseline and five additive treated test sets. 

Table 1 

Test Fuel Analysis 
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Table 2
 
Summary of Results
 

Effect of Viscon Polmyer Additive on Exhaust Emissions and Fuel 
Consumption 

Las Palmas Oil and Dehydration Company 
Caterpillar Model 3306 Diesel Engine 

8-Mode Engine Dynamometer Data 

Baseline Data (No Additive) 
.............Grams per bhp­
hr . Weighted 

KNO 
THC CO x PM Fuel HP 

Test 
No. 
8MBL02 
4 1.35 2.75 6.73 0.31 181.03 137.71 
8MBL02 
5 1.26 2.47 6.75 0.33 176.68 137.46 
8MBL02 
6 1.24 2.56 7.46 0.32 176.24 137.63 
8MBL02 
7 1.30 2.52 7.14 0.29 178.18 137.77 
8MBL02 
8 1.30 2.51 7.38 0.29 178.35 137.75 

5-Test Averages 1.29 2.562 7.092 0.308 178.096 137.664
 
Std.
 
Dev. 0.0424 0.1099 0.3423 0.0179 1.8795 0.1260
 
95%
 
C.L. 0.0372 0.0963 0.3000 0.0157 1.6474 0.1105 

With Viscon Polymer Additive at 1 ounce to 20 gallons 
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8MLPF1 
2 
8MLPF1 
3 
8MLPF1 
4 
8MLPF1 
5 
8MLPF1 
6 

1.51 

1.50 

1.56 

1.51 

1.54 

1.83 

1.78 

1.73 

2.28 

2.28 

5.59 

5.51 

5.79 

5.48 

5.50 

0.20 

0.20 

0.17 

0.21 

0.19 

177.55 

177.18 

176.79 

177.39 

177.61 

137.55 

137.58 

137.55 

137.54 

137.29 

5-Test Averages 
Std. 
Dev. 
95% 
C.L. 

1.524 

0.0251 

0.0220 

1.98 

0.2761 

0.2420 

5.574 

0.1278 

0.1120 

0.194 177.304 

0.0152 

0.0133 

0.3321 

0.2911 

137.502 

0.1195 

0.1047 

Average 
Differences -0.234 0.582 1.518 0.114 0.792 0.162 

% Improvement -18.14 22.72 21.40 37.01 0.44 0.12 

Note: 95% Confidence Limits define the plus/minus range within which 
the true average is expected to fall with 95% confidence 
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Executive Summary: 

This summary report contains a compilation and listing of all emission data accumulated 
during the Las Palmas project to measure effectiveness of the Viscon Polymer additive 
when mixed with California specification No.2 diesel fuel and used in the operation of a 
Model 3306 Caterpillar heavy-duty diesel engine for off-road applications. 

A previous summary report dated August 19, 2003 provided the data comparisons for 
baseline testing with diesel fuel only and with the same fuel containing the nominal 
concentration of the Viscon Polymer additive. This summary report provides the 
average data from that previous testing for reference purposes. Subsequently the test 
engine was relocated at the client's facility and operated by the client 1000 hours over a 
repetitive cycle for durability testing using the same diesel fuel treated with the Viscon 
Polymer additive. The engine was then returned to the Olson-Ecologic Engine Testing 
Lab in Fullerton, California to obtain the additional emission test data reported here. 

After 1000 hours of durability testing particulates (PM) were reduced by 48.4% and NOx 
by 25.4% when operated on the Viscon treated fuel as compared to the baseline 
emission measurements with diesel fuel only at the beginning of the project. These 
results were based on steady-state 8-mode engine dynamometer testing of a Model 
3306 Caterpillar diesel engine. The 8-mode emission/fuel consumption testing was 
done in exact accordance with CARB, California Code of Federal Regulations, Title 13, 
Chapter 14 and EPA regulations as defined in the applicable sections of 40 CFR, Part 
89. This emission testing protocol is designated for heavy-duty diesel engines in off­
road applications. 

A complementary emission comparison after the 1000 hours of durability testing was 
also accomplished with a 5% blend of biodiesel fuel in the Viscon treated diesel fuel. 
This fuel mixture consisted of 5% biodiesel fuel and 1 ounce/20 gallons of Viscon mixed 
into the same baseline diesel fuel as was used in all of the other testing. The mixture is 
labeled Super B5 Biodiesel Fuel. With this fuel the PM emissions were reduced 
45.4%and the NOx emissions were reduced 24.3% compared to the original baseline 
data. 

Emission data with the Viscon additive mixed into the diesel fuel at 10 times the normal 
concentration were also required by CARB. Triplicate tests showed that there was no 
adverse effects on emissions when compared to the baseline data or to the Viscon data 
admixed with normal concentrations. With this heavy dose concentration of Visean the 
PM emissions were reduced 50.5% and the NOx emissions were reduced 26.4%. 

All emission and fuel consumption testing was accomplished by Olson-EcoLogic Engine 
Testing Laboratories in Fullerton, California at their ISO 9001-2000 registered facility. 
The company is CARB/EPA recognized and listed as a qualified emission testing facility 
for the work reported here. The particular emission test cell where all the work was 
done consists of a full electric 450 horsepower engine dynamometer for precise control 



------- ---------- ------- ---- ---------

of speed and load. All fuel consumption was measured gravimetrically. Raw gaseous 

emissions of THC, CO and C02 were measured with Horiba analyzers. NOx and NO 
measurements wire made with heated Beckman/Rosemont chemiluminscent analyzers. 
PM was sampled and properly diluted with a Sierra state-of-the-art Model BG-2 
particulate sampler and captured on pre-weighed filter media. All raw data 
measurements were corrected with the applicable factors for humidity, temperature and 
pressure and both raw and corrected emissions are tabulated in the individual test data 
sheets. Baseline test protocols and test protocols with the Viscon and Biodiesel treated 
fuels were conducted in exactly the same manner in the same test cell with the same 
instrument complement. 

The average PM and NOx differences between the five baseline tests at the project 
beginning, the five tests with only Viscon treated fuel after 1000 durability miles, the five 
tests with the Super B5 Biodiesel Fuel after 1000 hours of durability testing and the final 
testing with a heavy dose of Viscon are provided in attached Tables 1 and 2 and are 
summarized below. 

Grams per bhp-hour 
PM NOx 

Original baseline testing with diesel fuel only 

1. With Viscon treated fuel after 1000 hours of durability 
Percent improvement with Viscon treated fuel 
Compared to the baseline data 

2. With Super B5 Biodiesel Fuel 
Percent improvement with Super B5 Biodiesel Fuel 
Compared to the baseline data 

3. With heavy dose (1 OX) of Viscon treated fuel 
Percent improvement with heavy dose of Viscon 
Compared to the baseline data 

-

0.308 

0.159 

48.4% 

0.167 

45.8% 

0.152 

50.5% 

7.09 

5.29 

25.4% 

5.36 

24.3% 

5.22 

26.4% 

These data demonstrate that for the engine tested in this project admixture of the 
Viscon Polymer additive reduces PM in the range of 45-50% and NOx on the order of 
25% for both diesel fuel only and for diesel fuel with 5% biodiesel fuel admixed. 



Introduction: 

This report summarizes the emission data and describes the testing protocol for 
satisfaction of the California Air Resources Board (CARB) Verification Protocol for 
additive fuel solutions to reduce particulates (PM) and optionally oxides of nitrogen 
(NOx) 

The test protocol is designed to verify the emissions for off-road engine applications in 
accordance with 40 CFR, Part 89 

Test Engine: 

A six-cylinder Model 3306 Caterpillar diesel engine rated at 265 horsepower was used 
in this project. The Caterpillar Corporation prior to beginning of the project rebuilt this 
manually controlled diesel engine and preliminary testing started with only a few hours 
of previous operation. 

Test Fuel: 

A California specification commercial NO.2 diesel fuel was used for all of the testing 
before, during and after durability testing (see fuel inspection data in the Appendix). 
The Viscon additive was mixed into the baseline fuel in standard concentrations by the 
client, and biodiesel fuel was added to the baseline fuel to provide a 5% biodiesel 
concentration in the Viscon treated diesel fuel. 

Test Protocol and Procedures: 

All emission testing was done by use of the EPA/CARB specified 8-mode steady-state 
test protocols defined in the applicable Federal Register (40 CFR Part 89) for off-road 
heavy-duty engine applications. Raw emissions were sampled and measured under 
each of eight operating modes, corrected for temperature, humidity and barometric 
pressure and finally weighted to reach the final emission result stated in grams per 
brake horsepower hour (gm/bhp-hr). Particulates were simultaneously sampled, 
captured on a pre-weighed filter media for all eight modes, weighed and also reported in 
grams per brake horsepower hour (gm/bhp-hr). 

The test procedure involves engine warm-up under prescribed conditions with 
instrument zero and span checks immediately followed by engine operation for five 
minutes at each of the test modes. Emissions are averaged from second-by-second 
recordings for the last two minutes of each mode, corrected, weighted for the individual 
modes and displayed. PM filters are stored in humidity and temperature controlled 
environment and weighed within one day of collection. 



Project Objective: 

The objective of this work was to collect the emission data required by CARB to satisfy 
the CARB Verification protocol for retrofit applications with a proprietary diesel fuel 
additive and to quantify the magnitude of reductions obtained when operatil1g a typical 
diesel heavy-duty engine for off-road applications. CARB requires a minimum 25% 
reduction in PM and as an option, at least 15% reduction in NOx emissions to obtain 
official recognition of verification. 

Test Additive: 

The diesel fuel additive used in this project is named "Viscon". It is a high-molecular 
weight, pure hydrocarbon polymer. The base chemical component for Viscon is 
polyisobutylene (PIB) polymer. This additive was mixed with the diesel fuel by the client 
in a concentration of 1 ounce to 20 gallons of diesel fuel for all official testing. 

Test Equipment and Instrumentation: 

The engine dynamometer test cell is equipped with a 450 Hp full electric dynamometer 
capable of holding the engine to speeds and loads within the required +/- 2% variation. 
Engine airflow is measured and recorded continuously with a calibrated Sierra mass 
flow sensor. Inlet air temperature is measured within 20 cm. of the turbocharger inlet 
and relative humidity is measured continuously at the engine air inlet. Fuel 
consumption is measured gravimetrically using a calibrated scale with measurements 
recorded during the last two operating minutes of each mode. 

Exhaust gas is sampled through a heated probe and pre-filter at the exhaust stack. It 
then passes through a heated sample line (350 degrees F) to the Horiba flame 
ionization detector hydrocarbon analyzer. Another sample line routes raw exhaust gas 
through a refrigerated condensate traplfilter to the Horiba conventional CO and C02 
NDIR analyzers. This same exhaust stream is also routed simultaneously to the parallel 
connected and heated Rosemont NOx and NO chemiluminescent analyzers. Another 
sample probe as part of the Sierra PM sampler system in the exhaust stack routes the 
exhaust gas into a dilution chamber (with programmed air dilution ratios for the different 
operating modes) for ultimate capture on pre-weighed filter media. The Sierra BG-2 
Particulate Sampler is a state-of-the-art sampling system that has been accepted by 
EPA and CARB as an appropriate instrument for the proper capture of exhaust gas 
particulates. It is calibrated prior to every test. 

The dynamometer operation, all calibration functions and collection of raw data are 
controlled and performed through a proprietary Windows based and modified 
Wonderware program. This program stores all the raw data and conducts preliminary 
calculations on the raw data. The final calculations are performed separately using a 
proprietary computer template encompassing all the CFR corrections and related 



Finally, triplicate emission tests were conducted with the same baseline test fuel treated 
with a ten times (10X) dosage of Viscon (10 ounces120 gallons of diesel fuel). This 
heavy dos~ge operation is a required task of the CARB retrofit verification protocol. The 
tests are numbered 8MLPH01-8MLPH03. 

All sets of data for emission and fuel consumption averages have been used to 
calculate the standard deviation of the data and the corresponding 95% confidence 
limits of the mean values. All data are within a typical range with normal variances. 

Prior to starting the official baseline emission tests and again prior to starting tests with 
the Viscon treated fuel the engine oil and oil filters and fuel filters were changed to 
provide the same start-up conditions for baseline and additive treated fuel operation. All 
test conditions, calibrations and operating protocols were within CARB specified limits 
and the same from test-to-test. 

Test Results: 

The exhaust emission and fuel consumption results of this comparative testing are 
summarized in the following Tables 1 and 2 (and in the Executive Summary) for the 
testing conducted after the 1000 hours of durability operation was completed. The 
original data obtained before the 1000 hour durability operation are provided and 
described in an earlier report dated August 19, 2003, but the baseline emissions 
(without Viscon treatment) are referenced here and the averages are listed in this report 
for defining effectiveness of the Viscon additive treatment as compared to the original 
baseline d;3ta at the beginning of the testing project. 

The raw data for each mode and individual calculations for each test are provided in the 
Appendix for all the tests along with the fuel inspections. 



Table 1 
Summary of Results 

Effect of Las Palmas Viscon Polymer Additive on Exhaust Emissions and Fuel Consumption 
After 1000 Hours of Durability Testing 
CatellJlnar Model 3306 Diesel Engine 

Hot Start /50-8178 8-Mode Englnlt Dynamometer Data 

..............•.•..••...•.......Grams per bhp-hour...•.•.......•.•.•....
 
Test No. Avg. HP THC CO NOX NO PM 

8MLPC012 137.3 0.93 160 5.43 4.96 0.163 
13 136.8 0.94 160 5.37 4.98 0.165 
14 136.6 0.92 1.54 5.06 4.58 0.155 
15 136.6 0.98 1.60 5.30 4.80 0.156 
16 136.5 095 1.61 5.27 4.77 0.156 

Std. Deviation 0.321 0.023 0.028 0.141 0.163 0005 
95% C.L. 0/ Average' 0281 0.020 0.025 0.123 0.142 0.004 

Viscon Average After 
Durability Testing 136.76 0.94 1.59 5.29 4.82 0.159 

Baseline Average Before 
Durability Testing 137.66 1.29 2.56 7.09 0.308 

Of. Improvement 
Compared to Baseline -0.7 26.8 37.9 25.4 48.4 

Heavy Viscon Dosage at 10 Times Normal Concentrations 

10 ozJ20 gallons Of fuel 

................................Grarns per bhp-hour...................... 
Test No. Avg. HP THC CO NOX NO PM+H7 

8MLPHD01 1364 092 1.52 5.28 4.80 0.154 
8MLPHD02 136.5 0.88 149 5.12 4.60 0.147 
8MLPHD03 136.6 0.88 1.57 5.25 4.72 0.156 

Vlscon Heavy Dose After 

1000 ho 136.5 0.89 1.53 6.22 4.71 0.152 

Sid Deviation 0.10 0.02 0.04 0.09 0.10 0.00 
95% CL. 0.11 0.03 0.05 0.10 0.11 0.Q1 

0/0 Improvement 

Compared to Baseline .(l.8 30.7 40.4 26.4 50.5 

• Provides the +/. confidence interval of the average values. The average or mean value is expeeled to be 
within this +/- range with 95% confidence. 

All data were obtained at the ISO 9000-2001 Registered Olson-EcoLogic Engine Testing Laboratory in FUllerton. california 

(PM/'ir" " ! Tnll hP 

http:bhp-hour...�.�.......�.�.�


Table 2 

Las Palmas Super Biodiesel
 
Caterpillar Model 3306 Diesel Engine
 

All Data Obtained at Olson-EcoLogic Independent Engine Testing Laboratory
 
ISO 8178 8-Mode Steady-State Test Protocol
 

Grams per BHP-Hr 
HP THC CO 

5 test Baseline average 
before durability testing 137.7 1.29 2.56 

NOx 

7.09 

PM 

0.308 

SuPer BiodieselB5In No. 2dlesef'fuel ,~-" 

after 1000 hours of durability engine operatio,:, .. '.... 

;•••• ~.: .••••Gram$: per aHP-Hr ,~ . 
Test No. HP THC . 'CO : '. NOx PM 

8MBIOC01 135.9 . 0.93 ·1.5-;" .5.41 '0.174 
-.8MBIOC02 '. 137.1 0.92 ·1.47 : :5.40 0.181 

8MBIOC03 135.4 0,93 '1A3' : 
·,~·5.30 0.170. 

8MBI0C04 136.6 . 0.94 : 1,50 ·,·S.31 0.161 
8MBlOCOS 136.4 . 0.95 1.46 '.5.34 0.149 

Average of 5 tests 136.28 0.934 1A86 5.364 0.168 
Std. Dev. '0.653 0.011 . 0.053'.' '0.045' 0.012 

. 95% C.L. 0.513 . 0.010 Q.047 0.039 0.010 

.".....-_.-.-_.~:-. --.- .. 

% Improvement 
.... ..1.0%'Compared to Baseline 27.6% 42.0% 24.3°18" 45.4% 

. -- . ­
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. . Tab~e 3 (preliminary).; , '., 
Las Palmas Oil and pehYqr~tLo1""ComPflny 

Caterpillar Modet.3jo6 D~.s~I~Engine , . 
. ISO 81f8'8~Mode steatlY-~!ate finisS!Q!1 Jesting 

All Testing w8sAccompiished af~n-E~rdgic En~ine Testing Laboratory 
, . '1 1 ." ,to ....: • " 

Sl:Iper:Siodiesf;t1 ~~O ~~o .•i die~e~:f.U~~.. .' . ­
afte"r 1doo hours of durabili19 -tnbine.operatjon . 

. J. ~ 

............:.Grams per B~P-Hr............. 
Test No. • HP THC CO NOx NO PM 

8MBIOC06 136.9 0.80 1.29 5.89. 4.92 0.150 
8MBIOC07 135.1 0.75 1.29 5.93 4.91 0.169 
8MBIOC08 136.7 0.76 1.31 6.00 4.80 0.169 

Average of 3 tests 136.21 0.770 1.297 5.940 4.877 0.163 
Std. Dev. ~ '''0.968 0.026 ' 0.012 0.056 0.067 0.011 
~5% <;t..: ."~ q)~6· 0.030 lO.013 0.063 0.075 0.012 
.. ~ ,. '. J,, , 

% Improvement 
'f • .. ~. 

Compared tq,""8as,eline ~-.1% 40j%'·, 49.3% 15.2% 47.2% .. ' • '" t ',!, ' ! 

~ .:, 
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