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PREFACE

This is the first volume of a 5-volume series of documents
published to provide a general Environmental Assessment
(EA) of the smoke/obscuration program. This volume provides
pertinent information on fog oils, diesel fuels, and polyethylene
glycol (PEG 200). Volume 2 identifies phosphorous smokes;
Volume 3, IR smokes; Volume 4, HC smokes; and Volume 5,
dye/colored smokes. Volumes 2-5 will be published in sequence.

This document is not site or item specific, however,
it is intended to be used as a basic document in the preparation
of related item life cycle environmental documentation,
as well as a major supportive reference to environmental
documentation prepared for individual site specific operations.
Henceforth, as new studies are completed and/or other smoke/
obscurants or munitions are proposed, supplemental information
will be published.

The use of trade names in this report does not constitute
an official endorsement or approval of the use of such
commercial hardware or software., This report may not be
cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited
except with permission of the Commander, Chemical Systems Laboratory,
ATTN: DRDAR-CLJ-IR, Aberdeen Proving Ground, Maryland 21010.
However, the Defense Technical Information Center and the National
Technical Information Service are authorized to reproduce the
document for United States Government purposes.

This report has teen approved for release to the public.
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FOG OILS, DIESEL FUELS, AND POLYETHYLENE GLYCOL (PEG 200)

L. PURPOSE AND NEED

The Army employs smoke/obscurants principally to obscure or screen the
movement of troops and vehicles. The ideal smoke screen will hug the ground and remain
low to conceal the location and movement of troops. Smokes have critical importance in
neutralizing enemy sensors and hiding friendly forces and material. This is accomplished
by denying enemy information, reducing effectiveness of enemy target acquisition
means, and by creating conditions to deceive and surprise the enemy. Smoke screens can
also be used offensively for immobilizing enemy troops by obscuring their vision.

The current smoke generators that are type classified (accepted as standard
military equipment) use petroleum distillates.* Petroleum distillates are not a specific
chemical compound but a blend or mixture of hydrocarbons having specified viscosities
and other physical parameters. Until future prototype generators which can use other
smoke/obscurants in addition to oil are type classified, the use of petroleum distillates
will be required for research and development (R&D) purposes and troop training. It is
imperative that these distillates are maintained because current infrared (IR) smokes are
much less effective in the visible region of the electromagnetic spectrum. Oil smokes
can be generated easily from existing munitions and generators, effectively creating a
white smoke that screens and obscures the visible spectrum to the maximum.

For these reasons the Army must be prepared to employ smoke and to fight
effectively in a smoke environment against an enemy who is trained and equipped for the
same operations. Since the recent reestablishment of smoke generating units within the
active army, troops must be trained to use smoke generating equipment in realistic
scenarios. Such training is essential to effect smoke employment concepts and
countermeasure readiness.

Il DISCUSSION/DESCRIPTION OF ACTION

A. History.

The earliest modern method of producing smoke for screening and obscuration
was based on the incomplete combustion of the crude fuel oil under the boilers of Navy
vessels. Crude oil when incompletely burned (oxygen deficient) evolves a dense black
smoke that derives its opacity from particles of colloidal carbon floating in the air. This
was done as early as August 1913, in the course of United States Navy maneuvers off
Long Island.

During World War II, a method of smoke generation was developed based on
the formation and dissemination of minute oil particles by a vaporization-condensation

*Type classification. Identifies the life cycle status of a materiel system by the
assignment of a type classification designation and records the status of a materiel
system in relation to its overall life history as a guide to procurement, authorization,
logistical support, assets, and readiness reporting,

11

PREVIOUS PARGE
IS BLANK




mechanism. At that time the M1 and M2 smoke generators as well as sinoke pots were
developed during this time frame using the oil vaporization-condensation process.
Appendix A lists the location, type of munition, and amount of fog oil used during World
War II.

B. Description of Dissemination Modes.

There are various modes of disseminating an oil smoke/obscurant. The
primary technique used for dispensing an oil smoke is by mechanical generator systems,
which vaporizes the petroleum distillate and disseminates it by means of a fuel driven
engine. Other techniques or modes would be the Vehicle Engine Exhaust Smoke System
(VEESS) and smoke pots. The VEESS diverts diesel fuel from its fuel tank and
disseminates a vaporized smoke cloud with its exhaust. Smoke pots, however, vaporize
their fog oil payload by superheating the fog oil to the vaporization point and allowing it
to escape through an open valve.

Smoke generators (i.e. M3A3, M52, XMIl6, and XM52) and the VEESS are
considered to be devices of the LASS (Large Area Screening System) category while the
smoke pots (i.e. AN-M7 and AN-M7A1) provide small area screens and supplement other
smoke sources by filling holes in screens and helping to rapidly estabiish screens.
Detailed data pertaining to standard M3 smoke generators, together with operating and
maintenance instruction, are given in TM3-1040-202-12. Information including operating
and maintenance Instructions on the M52, Smoke Generating Subsystem, Helicopter and
on the AN-M7, and AN-M7Al, Floating Smoke Pots is given in TM3-1040-253-13 and TB-
CML-100 respectively. Data on all of these smoke disseminators are tabulated in
table 1.

. The most desirable particle size for a visible-region-effective oil smoke cloud

ranges from 0.5 to 1.0 micron. The small drops of oil scatter light rays and produce a
smoke which appears to be white. Actually an individual droplet would be transparent
under magnification. The droplets are produced as soon as the vaporized oil passes
through the nozzle of a thermal generator and is cooled by the surrounding air. The air
cools the oil vapor so quickly that only very small drops are formed. The average size of
the drop is influenced by the concentration of the condensing vapor and the rate of
cooling. Since the oil vapor is ejected from the nozzle at high velocitiec, large volumes
of air are drawn into the vapor stream. The resulting dilution and cooling produces an
enormous number of condensation nuclei. The vaporization-condensation process is not
dependent on the humidity of the air for the reaction. The petroleum smoke cloud is
very stable, and the life of the cloud is determined almost solely by meteorological
conditions. In the past, the average field concentrations of oil smoke havz been
considered harmless to expcsed personnel. The smoke is not corrosive to most metals,
plastics, or fabrics. ’

The materials primarily used in smoke generators to produce smoke are low
viscosity petroleum distillates, referred to as fog oils and diesel fuels. Fog oils have two
standard grades, SGF (standard grade fuel) No. 1 and SGF No. 2. SGF No. | has a higher
viscosity and is used when the atmospheric temperature is 40°F or above; SGF No. 2 is
used when the temperature is between “15° and 40%F. Below ~15°F, a mixture of SGF
No. 2 and wax-free kerosene has been used in the past. Current Army usage consists
primarily of SGF No. 2 for year-round smoke/obscuration use.

12
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Recent advances in technology introduced the use of diesel fuel as a
smoke/obscurant. The use of diesel fuel will eliminate the necessity for an extra storage’
tank on combat vehicles for fog oil, since these vehicles are powered by diesel fuel. The
VEESS allows a tank or other vehicle to divert some of its fuel to a vaporizer built onto
the vehicle, The fuel is then vaporized into a dense smoke cloud and emitted with the
vehicle exhaust. Standard diesel fuels used are DF-1 (winter grade), DF-2 (summer
grade), DF-A (arctic grade), and DF-Referee grade (minimum quality).

Polyethylene glycol (PEG 200), a nonhydrocarbor, is being evaluated and
tested by R&D as a candidate for use as a safe training smoke. PEG 200 can be
substituted in most of the smoke producing devices that use fog oil or diesel fuel. [t has
been used principally to compare its smoke quality and its persistency relative to fog oil
and diese! fuel.* The persistency of PEG 200 was found to be similar to fog oil and
greater than diesel fuel.

C. Types of Petroleum Smokes/Obscurants.

The two principle types of petroleum base smoke/obscurants are fog oils and
diesel fuels. Within these two groups are subgroups or grades that will be defined. PEG
200, a polyalcohol rather than a petroleum base hydrocarbon, will also be covered in this
report since it is a candidate to replace the petroleum based material. The following
sections on physical properties were modified after a fashion and incorporated in this
report fron] volume 4 of 8 of the Liss-Suter Problem Definition Studies on Selected Toxic
Chemicals.

1. Fog Oil Properties.

As previously stated fog oils have a relatively low viscosity and consist
of two grades, SGF No. 1 and SGF No. 2. The property requiremer}ts for both SGF No. 1
and SGF No. 2 are defined by Military Specification MIL-F-12070B.

There is no constant composition for any petroleum product. The
composition of diesel fuels, fuel oils, SGF No. I, SGF No. 2, lubricating oils, and others
will vary from product to product and sample to sample. Crude ail source and refining
processes are important in producing these variations.

Crude oils are complex mixtures containing thousands of paraffinic,
cycloparaffinic and aromatic hydrocarbons, small amounts of sulfur compounds, nitrogen-
containing compounds, and other impurities. Crude oils from around the world are
classed as paraffinic, naphthemic or asphaltic depending on whether the residues left
after distillation are high in paraffins, cycloparaffins, Pr aromatics; within these
classifications there is wide variation from source to source. '

The treatment crude oil undergoes at the refinery also affects its
composition. Catalytic cracking and related conversion processes favor the formation of
olefins, aromatics, and branched paraffins at the expense of other types of
hydrocarbons. On the other hand, solvent treatif\g or refining removes aromatics,
cycloparaffins, and olefins contained in cracked oils.

*The persistency of a smoke cloud is inversely proportional to the vapor pressure.
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(a) .SGF No. l. Distillation range, specific gravity, viscosity and pour
point are very important in determining hydrocarbon compos_,ition. of ‘thgs‘e, only
distillation range and pour point appear to contribute significantly to limiting the
composition of SGF No. 1 (a maximum viscosity is specified, but this high valpe is not
usually attained in products within this boiling rangf). SGF No. | is broadly defined, and
therefore, wide variation in composition is possible.

SGF No. 1 corresponds in distillation range to other middle
distillate fuels, such as diesel fuel and fuel oils No. | and 2. Other properties are also
consistent with these fuels. It likely comes from a feedstock originally destined to be
one of these fuels, but it differs from diesel fuel as a minimum in that SGF No. 1 is
almost pure hydrocarbon since it contains no additives, SGF No. l is also higher in
viscosity than SGF No. 2 and is therefore considered the summer grade fog oil. However,
it has been progressively eliminated from Army smoke program usage and storage
quantities have been reduced to nil, because it was found that SGF No. 2 will serve Army
needs the year round. =

(b) SGF No. 2. The SGF No. 2 sold to the US Army is drawn from a
lubricant stock of raw material from various industries. It is a light viscosity lubricant,
sometimes called "100C pale oil" because it has a viscosity of 100 Saybolt Universal units
(SSU) at 100°F (equivalent in viscosity to a Society of Automotive Engineers (SAE) 20-
grade motor oil) and is a pale or straw-colored liquid. In addition to the sources of
variation mentioned above, the composition of SGF No. 2 is subject to further variation,
because oil companies will draw from whatever stocks are available to fill an order
which fits the requirements of the Military Specification.

The SAE motor oils, especially SAE 10 or SAE 20, correspond in
viscosity to SGF No. 2 and have a varying hydrocarbon content. One analysis revealed
2.6 mg/100 mi of benzo(a)pyrene in fresh motor oil. However, the presence of additives
in commercial lubricating oils makes them dissimilar to SGF No. 2, which is additive
free, but since the constituents are primarily the same, analyses of motor oils may be
comparable,

SGF No. 2, being a light lubricating oil, is similar in most respects
to automotive lubricants and some industrial lubricating oils of similar viscosities. These
oils generally have a boiling range of 300-800°C. The hydrocarbons constituting these
oils generally contain 20-50 carbon atoms. Based upon viscosity, SGE No. 2 is made up
mainly of hydrocarbons in the molecular weight range of 240-420 atomic units.

After the lubricant oil stock is obtained from fractional distillation
it is deasphalted to remove constituents which would contribute to carbon residue. At
this point it consists of aromatic, cycloparaffinic and mixed aromatic-cycloparaffinic
hydrocarbons, which contain paraffinic side chains (often 7-20.carbon atoms in length).
The content of aromatic rings in untreated lubricating oil fractions generally varies from
10 to 30%, although 40% has been reported. However, the aromatic hydrocarbons of
lubricating stocks produce poor viscosity characteristics, and many are unstable toward
oxidation, which transforms them into resinous and asphaltic products. Th&se aromatic
hydrocarbons may be extracted by various solvents. The remaining oil is enriched in
branched paraffins and cycloparaffins.

These oil distillates normally contain only up to 10% normal and
branched alkanes. Typical paraffins present would contain about 25 carbon atoms, with
at least one paraffinic side chain, C4 or longer, in the middle of the molecule.
Cycloparaffins with up to four 5-membered or 6-membered rings per molecule
predominate. ’
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2. Qiesel Fuel Properties.

Diesel fuel is a very complex mixture of hydrocarbons containing §mall
quantities of additives. Some diesel fuel is obtained directly from the fractional
distillation of crude petroleum oil; the fuels under investigation correspond to that
fraction boiling approximately in the range of 160-371°C. Fuels produced in this manner
are termed "straight run" distillates by the petroleum industry. The “straight run"
distillate usually contains a high proportion of normal alkanes relative to branched chain
alkanes and arom3atic compounds; it is this high n-alkane content which makes it valuable
as a diesel fuel.” Additives may also be present in very small quantities to improve
combustibility (alkylnitrates), reduce corrosion of storage containers (surfactants),
reduce )gum formation (mixed surfactant), or act as antioxidants (aromatic amines or
phenols).

Diesel fuels come in four grades. The first two are products of the
middle distillate oils. They are used in high-speed engines such as tractors, trucks, and
buses. Other grades of diesel fuel are more viscous, containing blends of higher-boiling
distillates and some residual (nonvolatile) fuels. These are used in low-speed engines
operating with sustained loads at constant speeds such as large marine and railroad diesel
engines. The acceptance criteria and specifications for these fuels are outlined in
Federal Specification VV-F-800C and Military Specification MIL-F-46162B (ME)
respectively. ‘

(@) Arctic-grade diesel fuel oil. DF-A is intended for use in high-speed
automotive-type diesel engines, gas turbine engines other than aircraft, and pot-type
burner space-heaters, in areas where ambient temperatures lower than -32°C generally
occur, and where it is impractical to maintain dual storage capabilities. This grade of
diesel fuel should not be used for slow-speed stationary engine applications.

(b) Winter-grade diese! fuel oil. DF-1 is intended for use in high-speed
automotive diesel engines and gas turbine engines other than aircraft, in areas where
ambient temperatures as low as -32°C may occur. This grade of diesel fuel may be used
for medium-speed stationary engine applications where fuel heating facilities are not
available.

(c) Repgular-grade diesel fuel oil. DF-2 is intended for use in all
automotive high-speed/medium-speed engine applications and gas turbine engines other
than aircraft, for use in moderate temperate climates.

(d) Referee grade diesel fuel represents the minimal or marginal
quality level which can be procured under VV-F-800C while meeting all of its
requirements. It is designed to be equivalent to the quality.of OCONUS distillate
production or that production available in times of national emergency. It is used for
research, development and proof testing to assure that all diesel fuel-consuming
equipment will perform adequately with all diesel fuels procured under VV-F-800C.

3. PEG 200 Properties.

Polyethylene glycols, high molecular weight polymers, are dihydroxy
derivatives of the paraffins with the general formula H(OCH,CH,)n OH. The "n" may
range from one to a large number yielding a molecular weight from 200 to 10,000. PEG
200, a liquid of mean molecular weight 200, is the lowest member of the series to be
generally considered as a polyethylene glycol, and with this polymer, "n" is approximately
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equal to 4. The physical state of PEG 200 is that of a water-white odorless liqgid. PEG
200 has an extinction coefficient that is relatively close to that of fog oil and diesel fuel
which gives it a screening ability equivalent to fog oil and makes it almost twice as
effective as diesel fuel in screening length. The heat of vaporization is slightly higher
for PEG 200 than for fog oil or diesel fuel.

PEG 200 was selected for consideration as a smoke/obscurant because of
its potentially less hazardous nature relative to fog oil and diesel fuel. It was selected on
the basis of established medical and toxicological data, in particular, its use as a safe
food, drug, and cosmetic additive; and the fact that many of the glycois have been
accepted for use in the medical treatment of certain respiratory diseases. (e.g., as a
medicinal carrier to the inner reaches of the lungs.) :

Polyethylene glycols in generai are bland and of low order toxicity. They
are extensively used in industry as lubricants, plasticizers, binders, and for other similar
applications. In the pharmaceutical industry, they are widely used as components of
water-soluble ointment bases, soluble dressings for wounds, carriers for penicillin, sulfa
drugs, and peroxides, and in suppositories where they serve as the base and the carrier.
In cosmetics they are used in skin conditioning creams, aqueous hair dressing, and as
solvents for dyes used in lipsticks.

Significant physical and chemical properties of the three primary
military smoke-producing liquids are listed in table 2. Tabulated information giving
physical and chemical properties of fuels that correspond to SGF No. I, DF-A, DF-1, and
DF-Referee Grade is included in the CHRIS data sheets found in appendix B along with
the previously referenced military requirements specifications.

D. Effects of Climatic/Geologic Conditions on Dispersion Clouds.

The effacts of weather, particularly wind speed and direction, and terrain
conditions are important factors to be considered in smoke screening operations. The
movement of smoke depends upon the speed and direction of the wind. Wind direction
and velocities are important when estimating the amount of smoke producing equipment
and/or fog oil, diesel fuel, and PEG 200 required for smoke operations. Other factors to
be considered are temperature, temperature gradient, humidity, precipitation, and <loud
cover. Refer to appendix C for further details.

E. Dissemination Models.

A computer analysis of downwind airborne concentrations of screening
aerosols emitted by the XMIl6, SEDSS, the device which disseminates the greatest
volume of vaporized fog oils as compared to the other generating systems, is provided in
appendix D. As with any computer model, predictions are functions of several variable
environmental parameters, including wind speed and direction, temperature, atmospheric
stability, and terrain. An important assumption of this analysis is that diesel and fog oil
screening aerosols -because of their small droplet size (1 micron) and low specific gravity
- will not settle beyond 2 20-meter arc about the jet engine, but will remain airborne
until evaporation (conversation with R. O. Pennsyle, Sytems Development Division, April
1982). This impertant assumption is theoretically sound but requires experimental
verification. Presently the Chemical R&D Center, is developing a computer program
that will predict possible deposition rates, however, these rates will be so minute that
deposition will be negligible. Although the XM16, JEDSS, disperses the greatest volume
of oil smoke screening material by vaporization, modeling of the XM52 smoke generator
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Table 2. Significant Physical and Chemical Properties o
Primary Current US Smoke-Producing Liquids.

z the Three

3,565.0

LIQUID POLYETHYILENE
PHYSICAL FOG QIL DIESEL FUEL GLYCOL 200
PROPERTY (SGF-2) (DF-2) (PEG-~200)

Density @ 60°F,gm/cm? 0.920 0.850 1.127
Density @ 60°F, deg, 22.4 35.5 NA.

API
Mean Vapor Pressure

@ 25°C, mmHg 1.6 x 10-2 2.5 x 10-2 2.9 x 10-6
Viscositg, (centistokes)

@32 300.0 3.3 230.0

@60°F 80.0 5.0 80.0

@100°F 22.5 2.9 24.0

@210°F 3.5 1.2 4,3
Characterization

Factor, K 11.4 11.7 NA
Mean Average Boiling

Point, °F 700.0 510.0 590.0

" End Point Distilla-

tion Temp, °F R70.0 650.0 770.0
Mean Specific Heat of

Liquid, from 70°F

to Mean B, Pt,,

}B'I’U/lb oF 0.58 0.55 0.72
Heat of Vaporization

@ Mean B. Pt.,

BTU/Ib 92.0 104.0 160.0
Mean Molecuiar

Weight, 1b/lb-mole 300.0 205.0 201.0
Heat Required to

Vaporiz%)

BTU/gal> 2,515.0 5,235.0

*From a liquid initially at 70°F to a vapor having a superheat at 20°F.
value for water is 9340 BTU/gal.)
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which has a lower dispersion ability is also included in appendix D. Both models were
computed for a one-minute dispersion period. This approach facilitates c;lcula‘txons.of
downwind exposures following any operation cycle (e.g., simply multiply gaselxr}e
estimates by the number of minutes per trial). In addition, peak concentrations (in
milligrams/cubic meter) are easily obtained, since for one-minute time periods
concentration and dosage parameters (milligrams x minutes/cubic meter) are identical.

These models calculate and plot downwind dosages of aerosol smoke clouds.
While safety criteria was established using Threshold Limit Values (TLV),* a
determination of hazardous distances using TLV on these models requires conversion
from concentration to dosage. The TWA (time weighted avera)ge) for healthy adult
humans exposed to oil aerosols in an enclosed building is 5 mg/m~ and the STEL (short
term exposure limit) value is 10 mg/m”. The TWA value is a concentration based on
chronic exposures for 8-hour work days, 5 days a week. Since these values are. for
concen*rations of indoor chronic exposures, they are not that relevant to the
smoke/obscurant program, but may be used to approximate health and safety criteria for
exposed personnel working in the smoke clouds of the various disseminators.

IiL. REGULATORY ASPECTS

A. Resource Conservation and Recovery Act,

The Resource Conservation and Recovery Act of 1976 (RCRA), Public Law
(PL) 94-580, is the statuatory basis for federal regulation of solid and hazardous waste.
US Environmental Protection Agency (EPA) has promulgated regulations implementing
RCRA (40 CFR 260-264; 265-267) that identify and provide management requirements
for the disposal of solid and hazardous wastes and promote resource conservation and
recovery. The regulations list approvimately #00 hazardous chemical wastes and 85
process wastes. I[f not specifically listed, a waste may be hazardous if it exhibits one of
the following characterisitics: (as defined by the regulation) reactivity; corrosivity;
ignitability, or toxicity. State and local regulations may impose more stringent
requirements not present in the federal regulations.

These waste fog oils and diesel oils do not display any of the RCRA hazardous
characteristics and are not listed by RCRA. These oils are not contaminated with
pollutants such as PCBs but are strictly waste to be recycled through Defense Property
Disposal Office.

B. Toxic Substance Control Act.

The Toxic Substance Control Act (TSCA) of 1976 (PL94-469) mainly addresses
the commercial manufacture, use, and distribution of chemical substances. The act

*Threshold limit values (TLV's) are published by the American Conference of
Governmental Industrial Hygienists, and refer to airborne concentrations of substances
believed safe to "nearly all workers" following repeated daily exposure. The two
categories of TLV referenced above are specified as follows:

(a) TLV-TWA, "the Time Weighted Average concentration for a normal 8-hour
workday or 40-hour work week.

(b) TLV-STEL (Short Term Exposure Limit), "a maximal allowable concentration,
or ceiling, not to be exceeded at any time during the 15-minute excursion period.
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authorizes EPA to obtain premanufacture toxicity testing and the generation of
sufficient data on a chemical to predict any environmental hazards associated with its
production or use. A manufacturer must notify EPA "0 days prior to commercial
production of a new chemical substance.

The use of smoke munitions by the Army for testing and training should not
be effected by TSCA because present smoke materials were developed before TSCA
became effective and were inventoried on the initial TSCA Inventory list (45 FR 505444,
29 July 80). 4

C. Clean Air Act.

The Clean Air Act (CAA), PL88-206 as amended, establishes National
Ambient Air Quality Standards (NAAQS) for the control of criteria air pollutants to
prevent adverse effects to national air resources and to protect human health and the
environment. Among criteria pollutant standards, those most likely to affect the
smoke/obscurants program are presented in table 3. Until recently the emission of
hydrocarbons was regulated by the NAAQS, however, on 30 December 1982 the
hydrocarbon national ambient air quality standard was rescinded by the EPA. According
to the EPA, because no consistent quantitative relationship between ambient air ozone
concentrations and hydrocarbon air quality levels exists, the original basis for the
hydrocarbons standard could not be justified. :

Table 3
Federal Ambient Air Quality Standards for Certain Criteria Pollutants

Chemical National Standards
Particulate Matter (A) 75 ug/m3 annual geometric mean.

(B) 260 yug/m-” - maximum 24-hour concentration
not to exceed more than oncz per year.

Ozone 0.12 parts per million (235 ug/ m3). The standard is
attained when the expected number of days per calen-
dar year with maximum hourly average concentrations
above 0.12 parts per million (235 ug/m3) is equal to
or less than |1

Under the CAA, the country is divided into 247 air quality control regions
(AQCRS) to provide basic geographical units for air po'lution control. States are required
to prepare State Implementation Plans (SIPs) to implement and enforce criteria pollutant
standards in those regions. State standards are often more stringent than federal
standards, and vary from one AQCR to another. AQCRs that have attained the NAAQS
for a criteria pollutant are considered to be in "attainment" for that pollutant. AQCRs
in violation of NAAQS for a criteria pollutant are considered "non-attainment" for that
pollutant, Most standards specify two types of limitations - long-term standards which
cannot be exceeded on an annual average and short-term exposures which cannot be
exceeded for brief periods (e.g,, 3 hours and/or 24 hours). By definition, when
smokes/obscurants are used in training and testing, the standards for certain criteria
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pollutants may be temporarily exceeded in the area of the test or training site. The
Army environmental coordinator at the test or training site should be consulted for
coordinating the smoke exercises with the local regulatory agencies for permits or
variances as required.

D. Federal Regulations Governing Oil and Hazardous Substance Release
into the Environment.

Control of discharges of oil and hazardous substances into the environment
are detailed in Federal Water Pollution Control Act (FWPCA) (PL95-576) and the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA) (PL96-510). Section 311 of FWPCA describes requirements for handling of
spills of oil and hazardous substances. A spill is defined as the release or discharge of
regulated pollutants not covered by permit by pumping, pouring, emitting, emptying,
leaking or dumping. Harmful quantities of a hazardous substance are defined as any
discharge that violates state water quality standards adopted by the state and approved
by EPA pursuant to Section 303 of FWPCA. An oil spill is defined as that which causes a
film or sheen upon the surface of water or adjoining shorelines.

EPA has promulgated regulations under the FWPCA which identify and
establish reporting requirements for approximateiy 270 hazardous substances. Reporting
requirements are based on harmful quantities as defined by the regulation.

Each Army installation with the capability for a release of a reportable
quantity of oil or hazardous substance to the environment is required pursuant to AR
200-1 to prepare, maintain, and implement a Spill Prevention and Countermeasure
Control (SPCC) Plan and an Installation Spill Contingency Plan (ISCP). These plans
establish procedures to prevent spills and to ensure prompt reporting, containment, and
cleanup of spills. Procedures for spill events are outlined in Army Regulation 200-1, 15
July 1982.

CERCLA also establishes reporting requirements for the relcase of hazardous
substances into the environment including land, air, and water when the release occurs in
amounts equal to or greater than the reportable quantity. .Hazardous substance as
defined by CERCLA includes any substance designated or listed in: FWPCA, Sections
307 and 311; RCRA, Section 3001; CAA, Section 112; and TSCA, Section 7. Reportable
quantity for any hazardous substance is one pound unless otherwise specified in Section
311 of the FWPCA.,

E. Hazardous Materials Transportation Regulations.

1. Department of Transportation (DOT) Regulations.

Under federal act this agency formulates the regulations for safe
transportation of hazardous materials, poisonous substances, explosives, and other
dangerous articles. These regulations are binding upon all carriers engaged in the
transport of the above mentioned hazardous material, and are in accordance with the
best known practices for assuring safety in transit. These regulations also include
requirements for packing, marking, handling, and loading of the hazardous materials to
lfae“transported or shipped. Modes of transportation covered by the regulation are as
ollows:
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(a) Surface and Air Carriers. Regulations of the DOT goveining the
safe transportation of hazardous and explosive articles by surface and air modes are in
accordance with Title 49, Code of Federal Regulations, parts 171-179.

(b) Water Carriers. All commercial water carriers transporting
hazardous materials are governed by the DOT regulations as specified in Title 46, Code
of Federal Regulations, part 147.

2. Military Regulations.

Explosives and other dangerous articles shipped or transported by the
military services are subject to the applicable regulations of the military service
involved. Modes of transportation covered by the regulations are as follows:

(a) Surface Carriers. AR 55-355 regulates the movement of military
cargo within the United State by commercial vehicle.

(b) Air_ Shipments. TM 38-250 regulates the safe transport of
hazardous articles.

(c) Water Shipments. AR 55-228 regulates shipment and transport of
dangerous and hazardous articles by water in conjunction with the US Coast Guard
regulations.

3. Other Transportation Regulations.

In addition to the federal laws governing the transportation of flammable
and hazardous materials, each state and nearly all municipalities have laws or ordinances
regulating the transportation of hazardous articles within their jurisdiction. Fog oil and
diesel fuel are classified as combustible liquids and should be handled as fuel oils. The
transportation or shipment of fog oil and diesel fuel is regulated by the federal regulation
expressed in table 4,

Table 4. DOT Hazardous Materials (CFR 49, 172.101)

Packing Maximum
Hazard Labels Section Net
Name Class Ident No. Required of CFR 49  Quantity
Fuel Oil Combustible UN1201 None None No limit

(diesel oil liquid
and fog oil)
F. . Other Acts.
Regulations on endangered species or historic preservation are primarily site-

specific. Installation environmental quality coordinators should be contacted to
determine if these regulations are applicable.
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Iv. TOXICITY DATA/STUDIES OF PETROLEUM DISTILLATES AND PEG 200

A. Human (Mammalian).

Long-term expcsure of humans to petroleum distillate smoke screens had not
been fully documented in the past. According to the data gathered in the Liss-Suter
reports, short-term medicai records from World War Il reportedly revealed no indications
that smoke generator unit personnel, or military operating in constant smoke screens for
long periods experienced any illness, carcinogenic, or mutagenic effects related io
exposure to fog oil smoke screens. ! Additionally, there was no indication that
precautions had been taken to avoid exposure at that time.

The toxicological data of vaporized oil clouds and PEG 200 are compiled in
appendix £. Since research data of fog oil and diesel fuel was not extensive in the past,
toxicological data of similar oils such as mineral oil is also included. The majority of
toxicity data pertaining to petroleum distillates compiled in the past addressed liquids or
combustion by-products rather than vaporized clouds. Most Army oil smoke systems
depend upon vaporization-condensation rather than combustion, however, the VEESS
diverts diesel fuel from its fuel tank and disseminates a vaporized smoke cloud with its
exhaust. Studies conducted by Callahan et al., evidenced that the toxic components of
the combinant smoke/exhﬁazst cloud appear to be in the diesel fuel combustion gases and
not as much in the vapor.”?

As statea in MIL-F-12070B, contained in appendix B, fog oils shall not contain
additives, however, diese! fuels may contain additives and a significant amount of the
toxicological properties associated with diesel fuels may be attributed to these
additives. These additives are regulated in accordance with Federal Specification, VV-F-
800C and Military Specification, MIL-F-46162B(ME), also contained in appendix B, and
may be required for various reasons including utilization as antioxidants, cetane
improvers, corrosion inhibitors, and fuel system icing inhibitors. A small amount of
impurities may also be found both in fog oils and diesel fuels but are regulated for
acceptance criteria in accordance with the above regulations.

Oil in the lungs may cause edema, pneumonia, and possibly other diseases.
Chronic industrial exposures of oils and oil mists have been implicated in causing
dermatosis (SGF No. 1) and dermatosis plus tumors of skin, respiratory tracts, and larynx
(SGF No. 2), however, whether this is due to an allergic reaction, carelessness, or
uncleanliness is uncertain. In industry, the recomrgended maximum allowable TWA
concentration of oil mist in workroom air is 5 mg/m®. Above this level, the smoke is
visible and annoying, however, lubricating oil concentrations up to 402 mg/m- have been
reported in some shop environments. Unprotected individuals exposed to concentrations
of this level for a short period of time demonstrated no reaction. Experimental animals
exposed to chronic inhalation of fog oil mists and diesel fuel mists showed some toxic
effects. Some of the toxic effects after exposure to these petroleum distillates include
pneumonia, nasal hemorrhaging, convulsions, skin and pulmonary tumors, hair loss, and
death as evidenced in appendix E.

Starek et al., conducted acute oral toxicity studjes with diesel oil on rats.
They determined the oral LDsg to be 16.0 mi/kg for rats.” Nau. Neal and Thornton
evaluated the inhalation toxicity of C 1~-Ci2 ?romatic distillates on various mammals
and determined an acute LCsq of 460 mg}m for rats exposed for seven hours io the
aromatic distillate. They also exposed rhesus monkeys to C 1-C 2 aromatic distillates
{or 7 hr/day, 5 days/week, for 13 weeks and cbserved sublet}\al efiects on the monkeys
such as eye and skin irritation at levels of 300 mg/m-,
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SGF No. | has been shown to be moderately toxic to rhesus monkeys.
Lushbaugh et al., conductesl Inhalation toxicity studies on rhesus monkeys.” The 'monkeys
were exposed to 63 mg/m” of SGF No. | aerosol for 30 minutes and then 30 mirutes of
room alr for 343 days. Five of the seven monkeys exposed died within 100 days.

Wagner, Wright and Stoklngerlo studied the inhalation toxicity of minera] oil
on several mammals and found that hamsters and rabbits exposed to 100 mg/m' of
mineral oil for 6 hours a day, 5 days a week, for 26 months exhibited no major lung tissue

response.

PEG 200 exhibited the lowest toxicity of the liquid smoke materials under
investigat'ﬁn. Sprague-Dawley rats received oral doses of 5.0 ml/kg of PEG&OO daily for
13 weeks.l? No adverse effects were reported. Crook, Hott and Weimer"“ conducted
PEG 200 inhalation stud}es on rats and mice for six hours and observed no toxic effects
at levels of 2516 mg/m”. Nau et al., conducted inhalatign studies of Cy-C |, aromatic
distillate on rats and found an acute LCgq of 14,400 ma/m~ after 7 hours.

B. Flora.

Toxicity studies of petroleum distillate smoke clouds have not been
completed on flora. Personnel of the US Army Medical Bioengineering Research and
Development Laboratory (USAMBRDL), Fort Detrick are tasked to establish the
environmental fate of fog oil and diesel fuel. There is some information on the effect of
oil base sprays on vegetation. Petroleum oil sprays on fruit and citrus orchards are
insecticidal 0 some species, and may be moderately phytotoxic. Leaf spotting,
premature fall of leaves, bark injuries, root injuries, stunting, rec{gced fruit yield,
premature fruit drop, and oil penetration into fruit have been reported.”~ Oil application
to leaves of turnips, onions, and other vegetables results in oil contamination of their
edible roots. Oil sprays also caused leaf scorching and spotting in foliage irees, and
inhibitid photosynthesis in banana tree leaves when sprayed at a concentration of 84
pg/cm* on leaf surfaces.

Some studies have been done on the toxicity of oils to aquatic plant life,
however, this information was based on data gathered from oil spills or mock spills. Data
on the toxicity of fuel oils to algae, phytoplankton and bacteria are presented in appendix
F. Gordon and Prouse found the 19.8 ug/l of No. 2 fuel oil in water inhibited the
photosynthesis of certain marine phytoplankton communities. Other studies indicated
effects such as no growth or producing a lag phase in grcwth of cultures.

C. WVildlife.

The literature available on the toxic effects of oils on wildlite have been
generated from oil spills. The data on the effects of oils on waterfowl are presented in
appendix G. Hartung and Hunt observed sublethal effects on ducks with intragastric
diesel fuel doses of 3-12 mi/kg. Although there is some information on the effect of oil
base sprays/mists used as a vehicle for herbicides and insecticides, there is no data
available specifically on the toxicity of oil smokes to wildlife. As a pesticide, oil sprays
are effective primarily because they starve the pest or unwanted organism from
acquiring the necessary oxygen required for respiration. This is achieved mainly because
the droplet size of these pesticides is several times larger than the standard Army
petroleum base smoke/obscurants and tends to settle and adhere to these organisms.
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D. Aquatic Toxicity.

Qil spills on aquatic environments form a film on the surface of bodies of
water. These films are subjected to evaporation, biotransformation, dissolution in water
and bioconcentration in aquatic organisms. Some of the petroleum hydrocarbons, mostly
the aromatic naphthalenes, dissolve in water. Tainted fish and shellfish result when oil is
concentrated in their flesh. Wind, waves, and bottom sediment movement spread oils in
the marine environment, destroying bottom plants and animals, reducing the stability'of
the seabottom and causing erosion and further spread of oil. Bacterial transformation
and photooxidation of oils contaminating aquatic environments lead to a more rapid
depletion of the aliphatic hydrocarbons than the polycyclic aromatic compounds, whiqh
can form tar-like deposits in bottom sediments., In these environments, the oil
hydrocarbons are persistent poisons, resembling DDT, PCB, and other synthetic materials
in their longevity. The hydrocarbons enter the marine food chain and are concentrated in
the fatty parts of the organisms. They can be passed ir30m prey to predator, where they
may become a hazard to marine life as well as humans.

The effects of an aerosolized oil smoke cloud on aquatic ecosystems have not
been undertaken, however, as the model illustrates depcsition should be negligible. The
films created by oil spills are drastic. Aquatic toxicity data of such fuel oils and
lubricating oil spills are presented in appendix H (the reference to individuals and studies
performed are taken from the reference column of this appendix). This eviderces the
worst possible situation that may arise from the use of petroleum base products and not
that of the dissemination of a smoke cloud.

Anderson et al., conducted toxicity tests on fish with No. 2 fuel oil and found
a 96-hr TLm of 3.9 mg/l to the silverside (Labidesthes sicculus). Rossi et al., exposed
various marine annelids to No. 2 fuel oil and found 96-hr TLm values as low as 2.3 mg/l.
Mollusks were found to be sensitive to oil in water, Byrne and Calder exposed Quahaug
clam eggs to No. 2 fuel oil dissolved in water and determined a 48-hr LCsy of 0.43
mg/l. Jacobsen and Boylon found that 4 ug/l of kerosene which is similar to diesel fuel,
dissolved in water interfered with the food - finding behavior of the snail (Nassarius
obsoletus). Marine crustaceans were moderately sensitive to No. 2 fuel oil dissolved in
water. Anderson et al., determined a 48 hr TLm of 0.9 mg/l to the mysid shrimp.
Vanderhorst et al., estimated a 96 hr LCsq to coon stripe shrimp to the 0.8 mg/L
Barnett and Kontogiannis exposed to copepod (Tigropus californicus) to diesel fuel in
water and found a 100% 96 hr mortality at 0.50 ml/I.

v. ENVIRONMENTAL [IMPACTS OF FOG OIL/DIESEL FUEL/PEG 200 AS
SMOKE/OBSCURANTS

A. Research and Dcvelopment (R&D) Phase.

Army R&D is subdivided into two phases: Demonstration/Validation and Full
Scale Development. During the demonstration/validation phase, smoke generation tests
are conducted at installations throughout the United States and abroad that are selected
~especially for their climate and test site ahility (e.g., suitable location, personnel,
remoteness, etc.). Site specific environmental assessments are maintained at these
installations that describe environmental setting, include local flora and fauna, and any
other features and uses of the installation, such as testing facilities. Decisions regarding
full scale development depend in large part upon results of Demonstration/Validation
testing.
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R&D of foy olls and diesel fuels is not ongoing and is not proposed for the
future because the quality of their obscuration ability has been known for some time.
Historlically, oil has becn used for years as a smoke/obscurant, however, improvements on
the process of dissemination by vaporization have been made. Fog oil and diesel fuel are
standard Army items that require no further R&D work. Although PEG 200 has been
used for smoke screening and as a chemical agent simulant in training because of its
relatively nontoxic rating, it is not a standard Army smoke because of its expense and
lack of approval for use in field operations. .

Fog oil and diesel fuel smoke/obscurants are used for the evaluation of smoke
disseminators undergoing R&D testing. Although R&D of fog oils and diesel fuels is not
ongoing, discussions of the impacts associated from the use of these materials in the
development of hardware are generically addressed in this programmatic environmental
assessment. Specific impacts resulting from the development of a particular smoke
munition will be addressed in more detail in the Life Cycle Enviromental Assessment for
that item. Presently, the Army is testing the effectiveness of the XM52 Smoka
Generator and the XM 16 Jet Exhaust Decon/Smoke System which has a secondary smoke
capability, The VEESS and M3A3 are standard Army smoke disseminators, however, they
are undergoing reevaluation. The VEESS must be evaluated on every vehicle for which it
is proposed. The M3A3, smoke generator is presently undergoing a product improvement
program (PIP). These two systems must then be evaluated for their ability to
disseminate diesel fuel and fog oil respectively.

1. Alternatives Considered:

(a) Indoor Testing or Reduction of Fieid Testing Requirements. Indoor
laboratory and chamber experiments are used to design and test small scale
dissemination prototypes, however, full scale models require outdoor or field testing.
Many of the measurements and evaluations to be gleaned from results of field tests will
involve behavior of smoke screens under different meteorological regimes, and reliability
of the equipment when operated for long periods of time. While field testing
requirements could be reduced by conducting smoke tests indoors, this approach could
require costly and time consuming modifications to large buildings..

Attempts to limit the number of diesel or fog oil screening tests
for development and training would run the risk of fielding a system without adequate
assessment of performance under realistic conditions. In view of the importance of the
large scale smoke/obscurant prograrn to Army needs, the risks associated with the
fielding of an improperly tested item are too great to justify.

(b) Modify Existing Systems. Currently the US Army uses the M3A3
smoke generator and the M7 and M7Al floating smoke pot:, all of which dispense
aerosolized fog oil as the primary smoke material. However, these systems have several
limitations. The M3A3 must be dismounted from a quarter-ton trailer before use, i.e., it
cannot function from a moving vehicle unless some local creative engineering techniques
are applied. A trailer-mounted M3A3 cannot keep pace with armored or mechanized
forces, and the generator is quite vulnerable to artillery fire, small arms, and automatic
weapons, The M7 series floating smoke pots carry small payloads that are expended in 8-
13 minutes. They produce an oil smoke by using a mechanical fuze to ignite a fuel block
which in turn heats the oil to vaporization. In the past fuze problems have prevented
ignition of the fuel block, thereby disallowing the oil to vaporize. Modifications
necessary to improve these systems would still require PIP testing resulting in the same
effect as R&D testing of a new system. R&D of new methods of screening with oil
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smokes will augment present capabilities and surpass the limitations imposed by the
current systems. -

(c) Test With PEG 200 Only. PEG 200 can be substituted in most of
the systems that disseminate fog oil or diesel fuel, although it is not a feasible
alternative for the VEESS which utilizes diesel fuel from its own fucl tank.

(d) No Action (Do Not Develop New Systems). The need for new
smoke systems with increased ability of obscuration and the resultant use of petroleum
distillates to test these systems is considered to be urgent. Thus, the "no action"
alternative would be inconsistent with current requirements for national security.

2. Environmental Impacts of Activities and Alternatives.

(a) R&D Test Impacts. Much of the evidence of impacts from
petroleum distillates to natural ecosystems is associated with oil spills, or with
agricultural damage following application of oil sprays (i.e. as oil droplets 100 microns or
more in diameter). In either instance, soils, plants, and other lifeforms were covered or
coated with oily films. Aerosols of 1 micron sized microdroplets do not coat surfaces
like conventional oil sprays. Instead they are expected to remain airborne and eventually
evaporate or disperse as previously mentioned unuer the modeling section of this report,
Therefore, estimated exposure rates, particularly to plant and soil communities, must be

interpreted from the available data with caution.

Under conditions described for the models, in appendix D, airborne
concentrations from the various smoke tests of different smoke generators would tend to
remain within the TLV stated for short distances downwind, dependent upon the duration
of smoke emission. These concentrations can be expected to transiently affect other
natural populations in these areas.

Risks, while largely unavoidable for some wildlife, may be
mitigated by the observation that certain species of wildlife (i.e., deer, birds, etc.) tend
to leave during field testing and return afterwards. Oral ingestion of quantities of
petroleum distillates as illustrated in appendices E and Yx relates to ingestion of
vegetation that would be oii soaked or saturated. Messerli’* documented that a cow
after accidental ingestion of approximately 7 liters of diesel fuel demonstrated ill
symptoms for 8 days before recovery. A ewe after ingesti?g of diesel fuel soaked grass
also demonstrated ill symptoms as documented by Ranger. Both cases resulted from
spills rather than saturation from smokes. Domestic animals or humans within exposed
sections of the test range by timely posting and notification procedures can avoid these
areas thereby mitigating the situation. However, resident rabbit and rodent popuiations
are not that transient and will be subjected to these sublethal exposures, but as
evidenced in appendix E in conjunction with the model information in appendix D
exposures from R&D testing are short term and concentrations would not be high enough
to cause permanent population damage. _

Aquatic ecosystems should be relatively unaffected by the oil once
it is dispersed as an aerosol smoke as evidenced by the modeling of oil smoke clouds
(conversation with R. O. Pennsyle, Systems Development Division, April 1982). Site
specific ISCP and SPCC plans govern the possible spill of oils on post. These control
plans will serve in mitigating any possible adverse conditions that may occur from oil
spillage and impact on aquatic or terrestrial ecosystems.
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Environmental impacts from noise as a result of smoke generation
are from the generators. The XMI6, a worst case situation because of its jet-turbine
engine, is capable of noise levels in excess of 140 dB-A. Test personnel are required in
all cases to wear hearing protection devices within an 85 dB-A isopleth, as requireq by
AR 200-1. A grid showing the 85 dB-A isopleth distance for the XMIl6 in various
positions is included in appendix [. Other generating systems have much lower dB-A
levels and would require a lesser distance for hearing protection.

The generation of smokes/obscurants impacts directly on local air
quality. The quality of this air is protected by federal, state, and local air pollution
control regulations as discussed in section IIl. Standards are extremely varizble from
state to state and are usually written for maximum three-hour concentrations not to be
exceeded more than once a year. Notification of regulatory agencies may be required
for permits or variances prior to smoke generation tests/training.

The primary pollutants discharged by the generation of petroleum-
based smokes {noncombusted) are particulates and hydrocarbons. Particulates generally
are not as harmful as other pollutants but particulate pollution is the most visible and,
therefore, tends to cause most public concern. Respirable size particulates can
aggravate the respiratory systems of humans/wildlife and may be particularly
aggravating to susceptible recipients such as the young, the old, and those with
respiratory problems.

Major sources of net particulate emissions include the construction
materials industry, electric utilities (prigcipally coal-fired utilities), fuel combustion by
industrial boilers, and steel prc:>duction.l These major sources accounted for 81 percent
of the total particulate emissions for the year 1975. Of the 81 percent, construction
materials industry accounted for 41 percent and electric utilities for 24 percent. Other
undefined sources accounted for 19 percent of the total net emissions, each of which
emitted less than 6 percent of the total. Emissions based upon smoke testing account for
an insignificant amount of this total.

Urban air may contain from 50-200 ditferent hydrocarbons. Only
about 15 percent of total atmospheric hydrocarbon is produced through human
activities. Much of the natural hydrocarbon is methane arising from bacterial
decomposition in swamps and other water bodies. Such natural hydrocarbon is released
over wide areas and is not usually a significant contributor to urban oxidant problems.
Many hydrocarbons are harmful only in high concentration. Of the net hydrocarbon
emissions in 1975, more than half were due to transportation, with automobile travel
accounting for 60 percent and trucking, 40 percent. These releases, through interactions
with nitrogen oxide emissions, probably contributed to major air quality problems, as
more than three-fourths of the urban counties in the United States failed tg attain the
primary National Ambient Air Quality Standard for photochemical oxidants. !

‘ Photochemical oxidants are a class of compounds that are the
products of reactions involving nitrogen oxides, hydrocarbons, oxygen, and sunlight.
These strongly oxidizing agents, the major constitutents of photochemical smog, are
chemically and biologically active compounds that are potentially harmful fo health and
environment. Since the major toxic product of these photochemical reactions is ozone,
air quality standards regarding photochemical oxidants pertain to ozone. Ozone is a
harmful pollutant and is host to a complex series of continuing reactions that occur at
different rates of speed that continue as long as ozone or nitrogen dioxide and strong
sunlight are present. Measures taken to mitigate the production of these photochemical
oxidants from the addition of uncombusted hydrocarbons to the atmosphere should
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include the imposition of restrictions to testing/training based on weather conditions,
time of year, location, etc.

It is possible that for short periods of time combined aerosol and
exhaust emissions from smoke generation tests may not comply with emission standards
as defined in Title 40, Code of Federal Regulations, parts 85 and 87. However, as
evidenced these short burst emissions are not as severe as the continuous emissions of
pollutants by industry. Sites for smoke generation trials are chosen so that they are
located as far as possible from ecologically-sensitive areas, installation boundaries, and

populated areas.

(b) Impacts of Alternatives.

(1) Indoor Testing or Reduction of Field Testing. Indoor smoke
testing would eliminate certain environmental risks associated with field smoke testing
but at the expense of creating other environmental impacts while preparing structures to
house such tests. Impacts of outdoor smoke testing are not great enough to justify
expenditures for indoor testing of all the various smoke generating systerns. Reduction
of field testing would lessen any possibility of environmental impacts, however, only by
increasing the possibility of fielding a system that has been improperly tested.

(2)  "Modify" Existing Systems, Modification of the existing
smoke generation systems would still require PIF testing. Field testing under the PIP
status would have essentially the same impact on the environment as R&D testing of new
smoke generation systems, however, with only a temporary improverent to an old
system rather than an entirely new designed system.

(3)° Test with PEG 200. PEG 200 has been evaluated
toxicologically and found to be environmentally safer than diesel and fog oils as a
screening material. However, it is not accessible, is more expensive than fog oil and
diesel fuel, and is not an approved standard Army item, Attempts to substitute PEG 200
for developmental testing would also run the risk of fielding a system without adequate
assessment of performance using petroleum distillates for which it is designed.

(4) No Action., This alternative would -eliminate all direct
environmental impacts associated with R&D testing, but is unacceptable in view of
current requirements for national security. .

3. Recommended Mitigations.

(a) . The Army, when tasked with R&D testing, uses only the minimum
amount of material necessary for evaluation of any system %o lessen any possible
environmental impacts. Additionally, any spills that may occur should be kept to a
minimum since the oils are transported, stored, and used in 55-gallon drums.

(b) During early phases of R&D, tests are primarily conducted in fully
sealed environmental chambers to minimize impact to the environment.

(c) Outdoor testing is limited to specified wind direction and speed
ranges, specified lapse conditions, quantity of material for individual tests, and for total
quantity tested at a particular site to minimize negative environmental impacts.

(d) Al testing is maintained within the guidelines prescribed for each
site specific installation land use plans and requirements.
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B. Manufacturing/Production Phase.

All fog oil, diesel fuel, and PEG 200 are produced apd purchased by -blFi from
commercial suppliers who are currently marketing these materials. Hence, no unique or
additional pollutants would be generated. These bids are funneled thr_ough the Defense
Fuel Supply Agency and purchases are made upon a supply necessity. Accept_aqce
criteria are based on the military standards previously noted and handled by the receiving
agency for inspection. All of the smoke generators and munitions listed in table l.ar"e
manufactured and supplied to the Army by commercial industry. Once the system is in
full scale development and the design and producibility are acceptable, the Army will
contract outside industry to go into full scale production of the item.

1. Alternatives Considered.

There are no alternatives to be considered under this phase, since the
Army does not have access to oils other than from commercial sources nor do they have
the facilities for mass production of smoke generators. Assembly of metal components
and heat block purchased from industry for the production of smoke pots was handled at
the Edgewood Area of Aberdeen Proving Ground, however, that operation was
discontinued approximately !5 years ago. The '"no action" alternative would be
inconsistent with current requirements for national security.

2. Environmental Impacts of Activities.

When industry is contracted by the Army to supply services or materials
they are required by federal law to stay within the guidelines presented in Title 40, Code
of Federal Regulations, Part 15 on the administration of the Clean Air Act and the
Federal Water Pollution Control Act. Furthermore, they are required to comply with
state and local regulations governing the area in which production occurs. Impacts
associated with production lots should be the same as those discussed in the R&D section.

C. Training and Deployment Phase.

Smoke screens are used in training to cover a designated area or target for a
specified time in support of a tactical plan. No two missions are likely to be the same,
but the most immediate factors of concern are the size of the area to be covered, the
nature of the terrain and vegetation, and the meteorological conditions. The size of the
area to be covered obviously determines the amount of smoke needed. The smoke
planner consults tables which relate these factors to the distance between generators
which in turn determines the number of generators needed. The position and shape of the
generator line would be determined by the terrain. It would be positioned several
hundred meters upwind of the target area to be sure the individual smoke generator
streamers diffuse and mix together so that the target is covered.by a screen of uniform
density. Depending on the mission, a dense cloud allowing almost no visibility or a light
haze allowing visibility up to 100 meters may be required. As the mission continues the
smoke cloud is watched closely to determine the adjustments needed. If the screen is too
dense generators are turned off or moved farther apart. If the screen is too thin the
generators17are moved closer together. Generator location is changed according to wind
direction.

The smoke training exercises present the students with an area to be covered

and the duration of coverage. The students then plan and execute the operation under
the supervision of instructors. Up to 48 generators may be used per exercise depending
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on the type of generator used and the area to be covered. A training exercise usually
requires making smoke for approximately two hours, Smoke material used is primarily
SGF No. 2; diesel fuel is used when training with the VEESS. PEG 200, is also used
occasionally, as a simulant, for safe troop training purposes. As the exercise progresses,
the instructor would carefully observe the cloud and the meteorological conditions with a
view toward terminating the exercise should smoke be likely to effect areas outside the
designated exercise area.

1. Alternatives Considered.

(a) Train Indoors or Modify Training Requirements. Initiai classroom
training to familiarize troops with smoke environments is standard, however, full scale
training is conducted outdoors. Modifications to large buildings would reduce the amount
of smoke trairing conducted outdoors, but would require a potentially costly and time
consuming effort. Attempts to limit the number of diesel or fog oil training exercises
would run the risk of fielding troops without adequate assessment of performance under
realistic conditions. In view of the importance of the large scale smoke/obscurant
program to Army needs, risks associated with fielding improperly trained troops would be
too great to justify.

(b) Train With PEG 200 Only. PEG 200 can be substituted in most
systems that disseminate fog oil or diesel fuel, although it is not a feasible alternative
for the VEESS which utilizes diesel fuel from its own fuel tank. Training with PEG 200
could be used for essentially all the oil disseminating systems.

(c) No Action (Do Not Train), The need for qualified troops
knowledgable of smoke/obscurants is considered to be urgent. Thus, the "no action"
alternative would be inconsistent with current requirements for national security.

2. Environmental Impacts of Activities and Alternatives.

(a) Present Training Impacts. Since training and testing occur i,* much
the same type of environment, impacts to the environment resulting from training with
smoke generating devices will be similar to those impacts resulting from testing the
devices and are addressed in Section VA. :

(b) Impacts of Alternatives.

(D No Action Alternative. This alternative would eliminzte all
direct environmental impacts associated with training, but is unacceptable in view of
current requirements for national security.

(2) Train Indoors or Modify Training Requirements. Indoor
smoke training would eliminate certain environmental risks associated with field smoke
training, but at the expense of creating other environmental impacts while constructing
structures to house such training. Impacts of outdoor smoke training are not nearly great
enough to justify expenditures for indoor training of all the various smoke generating
systems and the subsequent training program delays pending construction. Additionally,
reduction in training requirements would be unacceptable in view of current
requirements for national security.

(3) Train with PEG 200, PEG 200 has been evaluated
toxicologically and found to be environmentally safer than diesel fuel and fog oils as a
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screening material. Although it is approved by the Surgeon General for troop training
exercises, it is more expensive and not as accessible as fog oil and diesel fuel and is not
an approved standard Army item. Substituting PEG 200 for troop training would run the
risk of fielding troops without adequate training with petroleum distillates for combat

situations.

3. Recommended Mitigation.

(a) Select appropriate weather conditions which for the most part
confine the cloud to the military reservation. (i.e., Do not deploy during air pollution
episode alerts).

(b) Range Control should receive notification of smoke use in order to
assure dispersion of use over time and space. When a pattern of excessive usage appears,
coordination with the unit commander should be sufficient to resoive it. Areas and
conditions for potential use should be precisely stated in range regulations, and the areas
should be as large as possible to reduce concentrations. Areas of heavy use, particularly
those areas near aquatic systems, should be monitored periodically for ecological
changes. This implies that there be some precise description of such areas before smoke
use as 2 "baseline" comparison. Regulations and training siould also address the matters
of proper munition or generator use go prevent contamination from improper usage and
fire damage from burning munitions. !

(c) Before major use of smoke munitions, Range Control should
coordinate with or notify appropriate Air Pollution Control Authority, Post Fire
Department, Post Forester, airfield control tower, and other appropriate specified
agencies. "Major" use which would trigger these actions is defined as use of mechanical
smoke generator (M3A3), helicopter~-mounted smoke generating subsystem (M52), or more
than three smoke pots. Road guards should be provided as necessary under any use by the
unit carrying out the training, in order to provide warning at cloud limits along military-
use roads. A ground or air monitor, with positive communication with the operators
controlling the cloud generator, to physically track the downwind edge of the cloud
should also be used during major use and/or if the cloud is drifting near a reservation
boundary or civilian-use areas. )

(d) Individuals with respiratory conditions, including histories of
asthma or cardiac conditions, severe facial acne, or any active dermatitis should be
evaluated by a medical officer before being allowed to participate in smoke field
training. Preventive masking procedures specified by Forces Command (FORSCOM)
should be followed.

() Smoke training areas would be sited to avoid nesting areas of
endangered wildlife.

D. Transportation and Storage.

As previously stated petroleum distillates are purchased from commercial
industry in a liquid state. They are shipped in accordance with Title 39, Code of Federal
Regulations primarily by trucks in 55-gallon drums. The demand for fog oil has been
approximately 6400-6500 drums per year. It is centrally managed by the Defense
General Supply Center (DGSC), Richmond, VA. It is then allocated to and stored at five
designated Defense Logistics Agency (DLA) storage areas located near the prime user
installations in the United States. Diesel fuel on the other hand is purchased by the
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Defense Fuel Supply Agency and shipped directly from the suppliey to the user, Shipping
is handled entirely by the supplier until it reaches the designated site.

All transportation is done in accordance with the regulations in the regulatory
section of this report. Storage is in compliance with Title 29, Code of Federal
Regulations, Part 1910.106 under OSHA regulations for storage of flammable liquids and
under military regulations, AR 200-1 and AMCR 385-100. Site specific SPCC and ISCP
(Installation Spill Contingency Plans) further the control and cleanup of possible spills
that may occur on post.

When the industry is contracted by the Army to supply services or materials
they are required by federal law to comply with guidelines presented in Title 40, Code of
Federal Regulations, Part 15 on the administration of the Clean Air Act and Federal
Water Pollution Control Act. Furthermore, they are required to comply with any state
and local regulations governing the area in which shipping occurs.

Once procured by the Army, impacts that may occur from storage, such as
leakage or spillage, will not be major. Since the largest storage containers for these
petroleum distiilates are primarily 55-gailon drums, spills should result in only local
minimal impacts. Spills would be reported immediately as indicated in the Regulatory
Section of this report.

E. Demil/Disposal Phase.

Diesel fuel, fog oil, and PEG 200 are used until the supply is depleted. Any
excesses beyond the requirement for an exercise are returned to storage or disposed of in
accordance with DOD 4180.21-M-1 and AR 200-1; as amended and supplementefl9 %a}f
and local requirements that pertain to the disposal of oils are also applied.*”7»4Y
Conversely when Army tactical weapons and equipment are no longer useful or becomes
obsolete, they are demilitarized in accordance with established Department of Defense
(DOD) procedures. Detailed demilitarization and disposal protocols are required for each
developmental item before type classification. Demil/disposal procedures for smoke
generators are outlined in item specific environmental documents. The US Army
Armament, Munitions and Chemical Command (AMCCOM), Maintenance & Defense
Ammunitions Directorates are responsitle for all demil/disposal 6f items in accordance
with existing directives. Unique disposal problems will be the responsibility of the
appropriate AMCCOM directorate to initiate the resolution updating the disposal
procedure in order tozsonform with current disposal standards, techniques, and other
influencing conditions.

1. Alternatives Cdnsidered.

The decision not to demilitarize or dispose of an item would require
storage at individual installation's Defense Property Disposal Office (DPDO). Therefore,
there are no alternatives to be considered.

2. Environmental Impacts of Activities.

Barring exposure to lethal chemical agents in a wartime environment,
environmental risks associated with typical disposal procedures of oils and smoke
generating hardware should be minimal. Most items will be recycled or salvaged,
however, those impacts that may occur from disposal, including incineration of waste
oils, are maintained within the limits set forth in the previous regulations.
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VI. AGENCIES/PERSONS CONTACTED

21010.

B.

MD_21005.

C.

E‘

A. Chemical Research and ngelopment Center, Aberdeen Proving Ground, MD

Robert L. Dow, DRSMC-CLN-ST (A), Munitions Division

William G. Rouse, DRSMC-CLN-SM (A), Munitions Division

Theordore L. Tarnove, DRSMC-CLN-ST (A), Munitions Division

Charles S. Ferrett, DRSMC-CILN-SE (A), Munitions Division

Charles E. Bradford, DRSMC-CLN-SA (A), Munitions Division

James E. Norton, DRSMC-CLN-SM (A), Munitions Division

John Dickie Ill, DRSMC-CLN-D (A), Munitions Division

Ronald O. Pennsyle, DRSMC-CLY-A (A), Systems Development Division

John T. Weimer, DRSMC-CLB-TE (A), Research Division

John F. Callahan, DRSMC-CLB-TC (A), Research Division

Janis D. Chase, DRSMC-CLT-I (A), Environ Tech Division

Steven R. Bennett, PhD. CPT, MSC, DRSMC-CLT-I (A), Environ Tech
Div .

Michae! Stanka, DRSMC-CLT-D (A), Environ Tech Division

Office of the Project Manager, Smoke/Obscurants, Aberdeen Proving Ground,

Walter G. Klimek, DRCPM-SMK-T, Countermeasures and Test Division
Roger L. Schultz, DRCPM-SMK-M, Materiel Development and Tech Div

Directorate of Supply Operation, DGSC, Richmond, VA 23297.

Deryl Dorman, DGSC-0OB3, Inventory Mgt Div #2

Defense Fuel Supply Center, Cameron Station, Alexandria VA 22314,

Mark Iden, DFSC-TB, Technical Services Division
John P. Wilke, MAJ USAF, DFSC-PE, Ground Fuels Division
Donald E. Peschka, MAJ USAF, DFSC-PD, Bulk Fuels Division

Armament, Munitions and Chemical Command, Rock Island, IL 61299.

Herman M. Baren, DRSMC-DSL (R), Maintenance Mangement Division

USAMBRDL, Fort Detrick, MD 21701.

Mary C. Henry, PhD., Environmental Protection Research Div
David L. Johnson, P.E., C.I.H., CPT, Environmental Protection
Research Division

Headquarters Training and Doctrine Command, Fort Monroe, VA 23351,

Jimmy L. Young, LTC, HQ, TRADOC, ATEN-FN
P.T. Pennington, HQ, TRADOC, ATEN-S
Thomas E. Newkirk, HQ, TRADOC, ATEN-FN
Stanley Wolford, HQ, TRADOC, ATDO-T
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William J. Weeks, HQ, TRADOC, ATDO-C
Sharon Waligora, ILT, HQ, TRADOC, ATEN-FN

H. NBC Defense School, TRADOC, Fort McClellan, AL 3620!.

Ray Clark, USACMLS, DCD

Wayne Davis, USACMLS, DCD

Michael Ward, CPT, USACMLS, DCD
Harry E. Sutton, CPT, USACMLS, DOTD

I. Headquarters Forces Command, Fort McPherson, GA 30330,

James Fletciier, HQ, FORSCOM, FFEN-MSE

AT, i

) VII. CONCLUSIONS

In general, the toxicological effects and, by extension, environmental impacts
reported from exposure to oil-base, visual screening agents have resulted from either
high dose rates (e.g., 7 liters of diesel fuel fed to 3 cow), or protracted periods of
exposure (e.g., CAF, JAX mice exposed to a 100 mg/m~ aerosol for 6 hr/day, 5 days/wk
for 16 months with "equivocal evidence of altered rate of lung tumor formation in this
tumor-susceptible species"). This is not to imply that the screening agents are innocuous
| compounds, for they are not. Potential environmental hazards during field tests and
training exercises will be the product of complex interactions between a host of physical,
chemical, physiological, and ecological factors and must be examined site specifically.
Many hazards and impacts, however, can be easily negated, controlled, or mitigated as
discussed in Section V.

If equipment operators take proper precautions to preclude inhalation and topical
exposures, then health hazards for operators or test personnel would be cancelled. If
tests are conducted in areas remote from civilian dwellings or communities, then public
health hazards would be averted. If aquatic systems are avoided, potential impacts
would be circumvented; if they can not be avoided, then wind vectors and periods of
atmospheric instability could be selected to mitigate impacts. Exercises will be

! conducted on areas dedicated to military testing and training thus there are no

' inconsistencies with land-use policies. Most emissions would not release the tremendous
quantities of screening agents for the protracted periods of time resulting in dose rates

. that elicited toxicological symptoms in some laboratory animals. Wind vectors will vary
during periods of test, therefore, screening will be diluted. Furthermore, as the models
were computed so that downwind concentrations could be interpreted and the STEL and
TWA values located downwind, it is shown that these concentrations respectively impact
approximately at 560 meters and 900 meters downwind from the XM52 and 3000 meters
and 5000 meters downwind from the XMl6, making the impacts local in nature
(concentrations should be insignificant at this distance downwind). Exposures at each
site would be intermittent.

: The program will not significantly affect the quality of the human environment.
An Environmental Impact Statement is not required and a Finding of No Significant
Impact will be published in accordance with Title 40, Code of Federal Regulations, Part
1508.13.
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13.12 Latent Heat of Vaporiastion:
Not pertinem

13.13 Hest of Combustion: 1% .4xs Hiu/lb
"0l = SAN I T

13.14 Heat of Decompesition: Not pertinent
13.15 Heat of Bekulon: Nt pertinent
13.16 Hest of Polymeriastion: Not pertinent

(€ aatinued on pager Y end b1
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0DS

DIESEL

6. FINE HAZARDS 8. WATER POLLUTION
Comman Sreusyen .
[ Oy bauid YeSowdwown  Lube or fust o ader 8.1 Plosh Peint: (1-D}I00°FC.C, 81 Aquatic Yoxiehty:
Pwi o 20 (D128 CC 204 mg/) /26 ke fjuvenite Amencan shad/
62 PammabloLimMein Al 11 60wl % Thm/sah water
Fhests gn water $3 ¥ie Uringuishing Agemts: Dry $2 Wetertew Torlohy: >20 wikg
chemical, losm. of carhon drnsde 71.Dso/mallards
- 6 4 Pirs Extinguishing Agents Not 1o be Used: 33 Onygon Demand (B0D):
%::'M "I":"' Water may be inefllective Vats not avarluble
Avoid contact wrth hquid .8 o 84 Fesd Chain Concenirstion Polential:
bokie 3nd rewmeve matecial ) None
Neotiv local heelth and thaw contrel agencies Nol pertinent
6.8  Behavierin Fire: Not pertinem
6.7 ignitien Tomperature: (1-D) 150-62¢%F
Combustible. (2-D) 490- 345}
Extingoish with dry chesical. fosm. or carbon diexide. 6.8 Elecwics) Hozard: Noi pertinent 9. SELECTED MANUFACTURERS
Water may be ive on fire.
Cool exponed containers with water 6.9 Burning Aate: ¢ mm/mip 1 taonCo
Fire Houston, Tes. 77001
2 Shell Ol Co
1 Shell Plars
Houston, Tex. 77001
3. Sua0ilCo.
CALL FOR MEDICAL AlD. S1 Duwids, Po. 19087
U 7. CHEMICAL REACTIVITY
it 1 e T 7.1 Rescttvity with Weter: No resciion
Remeve contaminated clol vl shoes. 7.2 y with | |
7N EYES, e oyeids open ad e with plenty of Noreschion
. haid ey ty of water. .
I¥ sm:‘l{mm and vmm CONSCIOUS, have victim driak water 7.3 Stabiity During Traneport: Stuble
ot 3
DO NOT INDUCE VOMITING. 7.4 Neowirslising Agonts for Acids and
Exposure . Cousties: Not pertinent
' 7.5 Polymerization: Not pertinest
. e o Poly Not pe 10. SHIPPING INFORMATION
10.1  Grades or Purlty: Diesel Fuel 1-D
(ASTM); Diesel Fuet 2-D (ASTM)
10.2 Slersge Tomperature: Ambient
10.3  inert Almeaphere: No requirement
104 Venting: Open (lome arrester)
o aquatic Me i high concentrations.
Water | Fdees doine.
May de dongrrous If it entevs water intokas.
POHULION | wotity tocal hesith and wildtite officiats.
Notify operstorns of nesrby water intake
1. RESPONSE TO DISCHARGE 2. LABELS 11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
1300 Rospones Siatheds Hendboon. CG 444-4) (300 Hasrd Asemament Manobook. CG 448-3) 13.1  Physical Siale o1 15°C and 1 atm: | iqud
Mechanical contanment No hazard label required by A-T-U 13.2 Welecular Weight: Nt periinent
Should be removed Code of Federul Regulations 133 Solling Peint st 1 atm: S50 840°}
Chemical and phyixcal treatment . = 288 33°C = 561 8I12°K
13.4  Froozing Peint: 010 - )0°F
12. KAZARD CLASSIFICATIONS = ~1810 =34°C = 25310 239°K
12,1 Code of Foders! Regulations: 13.8  Criticel Tomperature: ol pertinen
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS Combustible iquid 136 Criticel Prosewre: Mot pertinent
3.1 Synonyme: FuciOil 1-D 4.1 Piwysical Siate (as shipped): Liquid 12.2  NAS Hazard Reting for Bulk Water 13.7  Specific Gravity: 0.841 &t 16°C (iquid)
Fuel 0Nl 2-D 4.2 Color: Light brown Transpertisdlen: Noi listed 136 Liquid Surface Tenslen:
3.2 Ceset Guard Compatibility Cleselfication: 43 Oder: Likefucloil 123 WFPA Hazard Classifications: est 1 25 dynesfem w 0024 N /m a 20°C
T st hydrocarbon mi Cotegory Classification | 135 Liquid-Wster Interteciat Tension:
33 Not A Health Nfrltd!llu!) ........ 0 tent) S0 dynesfem = 008 N/m a1 20°C
34 IMCO/United Mations Numerical Flammability (Red) ... 2 1310 Vaper (Gue) Specific ravity:
Designatien: 1 1/1270 Reactvy (Yellow) ... ° Not periinet
13.11 Ratio of Specific MHests of Vapor (Gas):
Not perinent
13.12 Letent Heat of Vaporization:
S. HEALTH MAZARDS Not pertinent

51 W ' P, thy

52 &y o L
will accur

R

Croggles or face shieid
1Hhiquid 1 1npested, 2n increased frequency of huwel movements

Trootment lor Lzpeeswre: INGESTION do NOT induce vomiiing SKIN wipe off, wash with sosp

and water £YES wash with copious smounts of water for ot least | min

$4
s
56
87
58

Lote Toriely: [2sts not sveiable

Teosicity by Inhalotion (Theoshold Limit Value): No ungie TLY spplicable
Shert-Torm inholotion Limite: Dals not svartable
Torxicity by Ingeetion: (irade |.LDuSto 18g/ka

Yepor (Q08) irritant Chavocteriotion: V ipory cause 8 slight smurting of the eyes of respitaiary

sysiem if present 1 hogh concentration. The effect is temporary

59

Liquid or Selid leriant Charsaterietion: Minimum harstd H sprlied on clothing and sllowed

10 reman, may cause ymariing snd reddeming of the sk

4 10 Odor Theesheld: [1ate not svarlable

13.13 Heat of Combustion: 18,400 Biu/1b
= .10,200 cal/g = 429 x 10° JNg

13.14 Hest o Dodempositien: Nui perlinent

13.15 Neat of Sohtion: Nut pertinem

13.18 Heat of Polymerization: Nuot pettinem

1Contimurd on pages ) st d i
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OILS, FUEL: 1-D

Comman Deranvmn
Duwi of thght) Oity bquid Yellowdvown Lube or fuel oif odos
Flosts on water
Stup ducharge it possidle
C&' O departwent
Avied contac? with houid
ludate and remove ’.ad
\onh Iocal Resith ond han runnol gencs
Combustidle.
Extinguish with dvy chemical, foam or carbon divnide
Water mav be ineffective on fire
Cool enposed contmners with water
Fire
CALL FOR MEDICAL AID.
LQuin
m 1o shin sad ryu
Remove contaminated clothing and shows.
Flush affected srems with plmiy of water,
IF IN EVES. hold eyelids open and flush with pienty of water.
IF SWAI.I.WED m‘ victim h CONSCIOUS, have victim dnnb. water
bo m INDUCE VOMITING.
Exposure ¢
te squetic Bie in high concenustions.
Wsater mmu
Moy be dengerous if it enters waier intakes.
Netify operators of nearby water intakes.

6. FIRE HAZARDS §. WATER POLLUTION

6.1 Fash Polnk 100"k U ¢ 81 Agustic Toziciy:
82 Flammabie Limits bn Alr: ) 3% Ky 24 mp /1724 e sguvemile Amencan shad
Tl /vall water
8.3 Five Extinguishing Agente: ¥y vhem .l
faam, vr carhan d.m‘. Feme 82 Waterfowt Youicity: 20mp/hg L Dy
imualiards
£.4 Fies Extinguishing Agents Not lo be Used:
Water may be inellevine 63 Wiologicsl Oxygen Demand (30D):
.8 N - ol o 4 Data not svatahie
| Mot pertnent 84 Food Chain Concentration Potential:
6.6 Bohavierin Firs: Nut prriinent None
6.7 ignitien Temperature: 14).52¢°t
6.8 Electricat Mazard: Not pertinent
65 Burning Rete: ¢ L)
e 9. SELECTED MANUFACTURERS
1 Atlantic Richfield Co.
M7 Fifih Ave
New York, N. Y. 10022
2. ShellOnCo
1 Shell Plasa
Houvon, Tex. 77001
3 SunOiCo
7. CHEMICAL REACTIVITY St Davids, Pa. 19087
7.9 Reactivity with Water: No reactiun
12 with L]
No reaction
7.3  Biability During Transport: Stahle o
1.4 Neuwslizing Agenis for Acide and
Caustios: Not pertinent
7.5 Polymerizstion: Noi perlinent
7.6 inhibier of Poly.nerisation: “ui pertinent 10, SHIPPING INFORMATION

10.1  Gradea or Purity: Diesel fucl 1.0
(ASTM)

10.2  Sterage Tompersture: Amhient
10.3  Inort Atrmesphare: No requicememt
10.4 Venting: Open(Name srrester)

1. RESPONSE TO OISCHARGE 2. LABELS
1000 Agiaures Methovs Hondsess. CO 448-4)
No hazard label required by
Code of Federal Regulations

Mechanscat contanment
Showid be removed
Chemical and phyvicul trestment

3. CHEMICAL DESIGNATIONS
31 Symonyms: Drcvel ool hght a1
32 Cossl Quard Compatibitity Classifigotion:

4. OBSERVABLE CHARACTERISTICS
Physisal State (se shipped): Liquid
4.2 Ceoler: Light brown
43 Oder: Charactermiic

33 C» Mot applicabk
34 1MCO/United Nations Numerisal
Designetion: 3 1/1170

5. HEALTH WAZARDS

51 Porsenel Proteviive gluves. guggtes of face shield

5.2 Symp L st INHALATION cauves headache und Jhight ziddiness
INGEST HON Gauses nauses. g, und 8. dep of central nervous Lysiem
tanging from mitd headache to anesihenis, comy, and death. puimonary irrnation secondary
1o evhutation of salvent, ugns of kidney und hiver damage may be detayed. ASPIRATION
Cousen aevere lung e atim with coughing, pnml dypnea, subsierna) distress, and rapidty
des.tomng pulmonary edema, Tater, u.m of by 4 and 4cute onsel
of centr sl nervous syviem Hinwed by i

83  Troaimont for Rapotire: INGESTION do NOT mducf vamiting, veeh medicd! sttention
ASPIRATION enforce hed rest. udminmier orygen EYES wush with copious quantily of
water SAIN semave cofvent Iy wiping and wash with woup and water

S 4 Toslaity by inhsistion (Throaheld Limit Yoiue): ~o vungle vatue applicable

45 Shert-Term inhalation LimMe Datas not avarteble

46° Tonieity by ingestion: (irade 1. | 39 S-14g/0g

57 LoteTemteRy: (214 not avatletle

S8 Vopor (Goe) irrMant CRarsetoriofon: Shighi ymarting of eves ar fesprtatory system il preent in
Ngh cancenttatanc The effect 1o tempotary

SO Liquid or Sefid rritsat Chavsetorteties: Minimum hasard | ailtedt nn chnhing and attuwed
fereman mas Cranr semarning sml reddenag vl sin

4 10 Oder Threshold. 0.7 ppm

11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
(508 HALS/0 Asessument HendBoot. CG $48-3 13.1  Physicel State ot 13°C and 1 stm: Liqudd
AT-U 13.2 Welght: Nal pertinent

13.3  Bolling Point at 1 etm:
340-S60°F = 193-291°C = 466-566°K

T:.:

12.2

12.3

13.4  Freezing Point:
=30'F = =M = 240°K

13.5  Critieal Tomperature: Not pertinent

12. HAZARD CLASSIFICATIONS

Code of Federal Reguistions:
Combustidle Liquid 13.6  Critical Pressure: Not pertinent
NAS Hazerd Rating for Bulk Water 13.7  Specific Gravity: © 81.0.85 ut 15°C (hquid)y
Transportstion: Noi lisied 13.8  Liquid Surtace Tenslon:
NFPA Haaard Classifications: 23-32 dynesfem = 0.021.0 032 N/m a1 20°C
Category Classification 13.9  Liquid-Water interiaclal Tenslon:

47.49 dynesfem = 0 D4T.0 049 N /m at J0°C
13.10 Vapor (Gas) Specific Gravity:
Nut pertinent
13.11 Ratio of Specific Heats of Vapor (Ges):
v Not pertinent
13:12 Latent Hoat of Vaperizetion:
FluBlu/ib = scal/p = 24 X 100 ). 4y
13.13 Hest of Combuation: - I X %40 Hiu Ik
@ =10,30C cai/g m =431 M X 10° S, kg
13.14 Hesl of Dacompoaition: Nut pertinent
13.15 Hedt of Solutien: Not pertinent
13.16 Meat of Polymrerizstion: Nat periinent

Health Hazard {Bluel
Flammahilits (Red)
Reactiviy {Yellow)

-V -

1CoRINNPS o8 paprr | and 4}

NOTTS
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OILS, FUEL: 2-D

57
s4

Lats Tonteity: Duta not avaiisbie

Vaper (Goe) irritont Charsctoriotics: Stight umarting of eyes or respirstors system if presest :k

high concentrations The effect i (emporar

y

Liquid or Soltd lrritant Charsctorioties: Minimom hurard [f spilied on clothing und altowed

1N 7EMIN, Y CAUE smarisnp dnd eddsn:

510 Oder Tiweshold: Dt ant avariarls

va ol on

P — €. FIRE NAZARDS 8. WATER POLLUTION
[ L X Oy iquid Yellewitrown Labe or fuel ol sdor 6.1 PeshPoint: 128} C C ') M'M
62 PommebloLimMsin Al 1 V% K O: 204 myg /128 he fpuvenile American shad
Ploots o water 3 Pwe Agonis: Drs Tlm/sai watet
ehermrcal, fuom. b Carbun drrarde 82 Wetertowl YosleMy: Dhais not avaibihic
6.4 Fire Estinpuiohing Agents Nettobo Uses: | 83 B'eingicel Osygen Domene (50D):
diachacgs if pamible W ster may Be ineitenting D14 not s atlohi
Fiew dogartmens, Camh Food :
Avald contact with liquid. 65 Spetis o [ a4 Crain Concontration Potontial:
bbuul—-n_‘ ¢ material Aot pertinent None
Nosty bocel hesich contrel vy 68 Bohovierin Fire: Not pstinent
A 6.7  Igaition Tomparohgre: 490-4%°}
&8 Deswicel Hazard: o1 pertinent
Extingeish with dry chemical, faom, carbon dionide 6.9 Durning Rste: & mm /run
Water moy hm«ﬂw S five. 9. SELECTED MANUFACTURERS
Cexl expased containers water. I Atlast Ruhfieid Qo
Fire . N7 itk Ave
New Yurk. N Y 10022
2 ShelliCo
t Shetl Placs
Houson Tey 77001
CALL FOR MEDICAL AID 3 SunOmto
Liquip 1. CHEMICAL REACTIVITY St Davds Pa 190m™
Irkatng o shin snd eyes , s T
Sormiol i swaliowed. 7.1 Resstivity with Weler: No reaction
Ramave contamingied nd thess,
e ey of wotey 7.2 Wlastivity with Commen Motorisie:
wuquﬁrmwdm. - No resctron
r sv:'u-liwu od - e Shtion drink 7.3  @iskility During Tramaport: Stubie
DO NOT INDUCE VOMTTING. 7.4 Novirslising Agente hor Acids ond
EXWU" Coustles: Not pertinent
7.9 Polymerizstion: Not pertinent
1 Sade .
¢ ol Poby Nt p 10. SHIPPING INFORMATION
10.1  Geades or Purlty: Drenet fuel 21D
1ASTM) -
10.2  Slerage Yomperature: Ambicnt
10.3  ‘mort Almesphere: “u requitement
104 Yemling: Open (Name srresier)
1o aquatic Bie in bigh conconirations.
Water mm
May be dangrraus if it enters water intahes.
Pollution Tocal heuith and wildihée fficials.
opersters of nearby waler intakes.
1. RESPONSE TO DISCHARGE 2 LABELS 11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
€0 A0 1S40 1asere Asbesemant Hensheot CO 448-3) 13.1  Physicst State o1 15°C ond 1 otm: .quid
Mechanical comainmem No hazard lebet required by AT-U 13.2 Moleguier Welpht: N periinent
Should be removed Code of Federal Repulatsons 13.3  Selling Peint ot 1 swm:
Chemicat and physical trestment 34U.640°F = 181-300°C w $35.611°N
0 134 g Point: 0°F = = 15°C = 285°%
12. KAZARD CLASSIFICATIONS 135 Crisieal Yompersture: Noi periinent
12,1 Code of Fodoral Reguistions: 138  Criticel Prossure: Not pertinent
3. CHEMICAL DESICNATIONS & OBSERVADLE CHARACTERISTICS Combustible Liquid 13.7  Spociic Gravity: 0.57.0 90 4t 20°C (hywidh
31 Synenymar Dieel o, medium 4.1 Phyoiesl Stude (ae slipped): Ligund 122 mn-u_omvu--un 138 Ligquid Surfece Yenslen:
3.2 Cosst Guard Companbiity Clasalfication: | 4.2 Coler: Light brown Traneporislion: Not tisied Dats not available
Miscellaneous hyd ; 43 Oder Characterminc. ke keronene 123 WFPA Hezard Closaiications: 139 Liquid-Water Interfacial Tonsion:
33 ChemicelF Not apphcab Cotegary Clessiication Dats not svailsble
3.4 MICO/United Netions Numericel Hesth Hazard(Biue) .. . .. 0O 13.10 Vaper (Gan) Specific Gravily:
Designation: 3 1/1270 Flammabiduy (Red) .2 Not pertirent
Reactinnty (Yellow) o 13.11 Ratio of Bpucific Mests of Yepor (Ges):
Nt pertinent
13.12 Latent Nest ot Vaperization:
Not pertinent
S. HEALTH MAZARDS 13.13 Neatof Combustion: ~19.440 Bry b
o N ® ~10.500 cul/g = ~45217 X i0°J Ag
51 Personel ’ gloves, goggles of ace vhiekd 1314 o N
. ’ .14 Hesl of Decomposition:

52 oy ] INGESTION causes Bauses, vomuing. and cram ping. depression o pertnent
of central nerxows system rangng from mild heudache 10 anerihcnia. coma. and death, 13.95 et of Solution: Not pertinen
pulmonary strilation seconduty 10 cxhatation of wolvent, sign of Lidney und bver damuge may 13.16 ‘Medfot Polymaerizstion: Not periinent
be detuyed ASPIRATION cavses severe lung fitation with coughing. pagping, dyspnes, ’
substernal distress. snd rapedly developing puimonary edema; Ister, sigs of bronchopneumonta
and pacumontiin, scute onset of ceniral mervous sysem excitement fotluwed by depresaion

$3  Trestment for Expoowre: INGESTION: dn NOY induce vomiing ASPIRATION enforce
bed rest, adminiver Grygen, seck medical sttentmn. LY ES wash with copious quanuny of water
SKIN remove soltvent by wiping and wask with «0ap and ware

$.4  Tonisity by inhsigtion [Thrashold Limit Yolue): No vingie TI V applicable P Sends

" e '
5.5 Bhori-Torm inhaletion Limitac Dats not 4 aifable rrimron pouct
5.6 TontoWy by Ingostion: Grude 1.1 Dy %13 g/kg WOTES
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MIL-F-12070B
16 June 1982
SUPERSEDING

MIL-F=-12070A
10 May 1956
MILITARY SPECIFICATION
FOG OIL

This specification is approved for use by all
Departments and Agencies of the Department of Defense.

1. score

l.1 Scope. This specification covers two types of fog oil.

[
1.2 Classification. - Fan ~*'.shall be of the following types as specified
(see 6.2):

Uxpe SCPIL="YoT use above WF
Eype S6F7_=_For use at 40°F or_lower

"~ 2. APPLICABLE DOCUMENTS
2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. Unless otherwise specified,
the following specifications, standards, and handbooks of the issue ligted in
that issue of the Department of Defense Index of Specifications and Standards
(DoDISS) specified in the solicitation form a part of this specification to the
extent specified herein.

STANDARDS
MILITARY
MIL-STD-105 - Sampling Procedu;es and Tables for Iaspection by

Attributes
MIL-STD-290 -~ Packaging of Petroleum and Related Products

" FSC 9150

: Bereficial comments (recommendations, additions, deletions) and any perti-

: nent data which may be of use in improving this document should be addressed:
: to: Commander, US Army Armament Regsearch and Development Command, ATTN: :
: DRDAR-TSC-S, Aberdeen Proving Ground, MD 21010 by using the self-addressed :
: Standardization Document Improvement Proposal (DD Form 1426) appearing at

: the end of this document or by letter.
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(Copies of specifications, standards, handbooks, drawings, and publications
required by manufacturers in connection with specific acquisition functions
should be obtained from the contracting activity or as directed by the contraci

ting officer.)

2.2 Other publications. The following documents form s part of this speci-
fication to the extent specified herein. The issues of the documents which are
indicated as DoD adopted shall be the issue listed in the current DoDISS and
the supplement thereto, if applicable.

UNIFORM FREIGHT CLASSIFICATION RULES

(Application for copies should be addressid to the Uniform Classification
Committee, Room 1106, 222 South Riverside Plaza, Chicago, IL 60606.)

ASTM STANDARDS
NP8 -~ Saybolt Viscosity
D92 = Flash and Fire Points by Cleveland Open Cup
D97 ~ Pour Point of Petroleum Oils
D974 -~ Neutralization Number by Color-Indicator Titration
D1160 - Di-tillation of Patroleum Products at Reduced Pressures

. (Application for copies should be addressed to ASTM, 1916 Race Street,
Philadelphia, PA 19103.)

i 4
(Industry association specifications and standardes are generally available
for reference from libraries. They are also distributed among technical groups
and using Federal agencies.)

2.3 Order of precedence. 1In the event of a conflict between the text of
this specification and the references cited herein, the text of this specifica-
tion shall take precedence.

3. REQUIREMENTS
3.1 Material. {The fag 01l shall he an overaead petroleum fraction.and.shall

€9925515:§5 additivess The contractor shall certify that this requirement has
been met. . :

3.2 Appearance. @!TW:Msedﬁm,.auspended-
CPEEEIC1 s, FrIT AW OTher YOYEIEh MATEEY When teatel a8 specifled In 4a2.4aii

fThe fbg off sE3I1 conform ta_tbe
when fested as

3.3 Chemical and hysica; characteristics.
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TABLE I. Cltemical and physical characteristics

: : Bype ' SCF Evp % : Test :
: Characteristic : Min : Max : Min : Max :paragraph:
¢ Flash point, °F t 400 : : 320 ¢ $ 420402 ¢
¢ Viscosity, Saybolt Universal : : : : : 4.2.4.3 ¢
¢ At 100°F, seconds : ¢ 2100 : 11D : :
¢ At 210°F, seconds : : S5 : : :
; Reutralization number ; ; 0.1 ; ; 0.1 : 4.2.4.4
: Pour point, °F : oz 0 s =40 : 4.2.4.5 :
¢ Vapor temperature, °F at : : : : 2 4.2.4.6 :
¢ 10 percent distilled : 390 : e : : :
¢ 50 percent distilled * 490 : s : : :
¢ 90 percent distilled H s 610 ¢ : : :

4, QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the con-
tract or purchase order, the contractor is responsible for the performance of
- all ingpection requirements as specified herein. Except as otherwise specified

in the contract or purchase order, the contractor may use his own or any other
facilities suitable for the performance of the inspection requirements speci-
fied herein, unless disapproved by the Goverument. The Government reserves the
right to perform any of the inspections set forth in the specification where
such inspections are deemed necessary to assure supplies and services conform
to prescribed requirements.

4.2 Quality conformance inspection.

4.2.1 Lotting. A lot shall consist of the fog oil of one type produced by
one manufacturer, at one plant, from the same materials, and under essentially
the same manufacturing conditions provided the operation is continious. In the
event the process 1s a batch operation, each batch shall constitute a lot (see

6.3).

4.2.2 Sampling.

4.2.2.1 For examination of packaging. Sampling shall be conducted in accor-
dance with MIL-STD-105.
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4.2+2.2 For test. Sampling shall be conducted in accordance with table II.
A representative specimen of approximately 1 liter shall be removed from each
sample container and placed in a suitable clean, dry container labeled to
identify the lot and countainer from which it wsas taken.

TABLE 1I. Sampling for test

Number of containers in batch or lot : Number of sample containers

: 2to 25 : 2 :
: 26 to 150 : 3 b
: 151 to 1,200 : 5 :
: 1,201 to 7,000 : 8 :
: Over 7,001 : 13 :

4.2.3 Inspection procedure.

4.2.3.1 For examination of packaging. The sample urit chall be one filled
shipping container ready for shipment. Sample shipping c:zt2inzws shall be
examined for the following defects grouped collectively using an AQL of 4.0 per—
cent defective:

(a) Contents per container not as specified
(b). Container not as specified

{c) Container closure rct as specified

(d) Container damaged or leaking

(e) Marking incorrect, missing, or illegible

4.2.3.2 For test. Each sample specimen taken in 4.2.2.2 shall be tested as
specified in 4.2.4. Fallure of any test by any specimen shall be cause for re-
jection of the lot represented.

4.2.4 Tests. Tests shall be conducted as follows:

4.2.4.1 Appearance. Visually examine thr specimen for water, sediment, sus-
pended particles, grit, and other foreign matter. '

4.2.4.2 Flash point. Determine the flash point of the specimen in accor-
dance with ASTM D92. N

4.2.4.3 Viscosity. Determine the Saybolt Universal viscosity of the speci-
men in accordance with ASTM D88.

4.,2.4.4 Neutralization number. Determine the neutralization number of the
specimen in accordance with ASTM D974.

4.2.4.5 Pour point. Deteruine the pour point of the specimen in accordance
with ASTM D97.
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5 4.2.4.6 Vapor temperature. Determine the-vapor temperatures of the specimen
] at 10, 50, and 90 percents by volume distilled in accordance with ASTM D1160

) using a distillation pressure of 10.0 + 0.2 millimeters of mercury absolute.

‘ 5. PACRAGING

fied (see 6.2).

S.1.1 Level A. A quantity of 55 (+0.5 or -0) US gallons of fog oil shall be
unit packed in a drum having clean and dry interior and exterior surfaces. The
: drum shall conform to Uniform Freight Classification Rule 40 for other than dgpy
| _ or solid articles and shall be formed from low carbon steel sheet having a
minimum thickness of 16 gauge. Each drum shall be furmished with a nominal
2-inch filler plug and a nominal 3/4-inch vent plug with flanges and gaskets
located diametrically opposite the top head. The exterior of the drum shall be
coated with baked-on, weather-resistant., color forest green enamel. Plugs on
filled drums shall be closed to a torque recommended by the drum manufacturer.

? 5.1 Unit packing. Fog oil shall be unit packed level A, B, or C as speci-

S.1.2 Level B. A quantity of 55 (+0.5 or -0) US gallons of fog oil shall be
level B unit packed in accordance with MIL-STD-290.

5.1.3 Level C. Fog oil shall be level C unit packed in accordance with
MIL-STD-290.

5.2 Packing. Fog oil unit packed as specified in 5.1 shall require no
further protection for shipment.

5.3 Marking. Containers shall be marked in accordance with MIL-STD-290 and
gshall show date of fog oil manufacture and lot number.

6. NOTES

6.1 Intended use. Fog oil is intended for use in mechanical smoke
generators.

6.2 Ordering data. Acquisition documents should specify the following:

(a) Title, number, and date of this specification
(b) Type of fog oil required (see 1.2)
(c) Level of unit packing required (see 5.1)

6.3 Batch. A batch is defined as that quantity of material which has been
manufactured by some unit chemical process or subjected to some physical mixing
operation intended to make the final product substantially uniform.
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Septamber 15, 1980

SUPERSEDING
Ped. Bpec. VV-F-800B
April 2, 1975
FEDERAL SPEC:PICATION
FUEL OIL, DIRSEL

This specification was approved dy the Commissioner, Federal Supply Service,
General Secrvices Administrator for the use of all Pederal Agencies.

1. B5COPR AND CLASSIFICATION

1.1 Scope. This specification covers diesel fuel oils suitable for use in
automotive diesel and/or compression-ignition engines and gas turbine engines
other than aircraft under all climatic conditions (see 6.1).

1.2 Classification. The diesel fuel oils shall be of three Jrades, as
follows:

Military Symbol NATO Code No. Description

DP=A - Arctic grade
pP=-1 - Wintor grade
or-2 r=-54 Regular grade

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the iasue in effect on date of invitation for
bids or request for proposal, form a part of the specification to the extene
specified herein:

Pederal Standards:

Ped. Test Method 8td. No. 791 <« Lubricants, Liquid Puels, and Related
Products; Methods of Testing.

(Activities cutside the Federal Government may cbtain copies of Federal
specifications, standards and cammercial item descriptions as outlined
under General Information in the Index of Fedaral Specifications, Standards
and Conmarcial Item Descriptions. The Indax, which includes cumilative
b:lmxthly suwplaments as issusd, is for sals on a subscription basis by
m”‘oz t of Docunments, U.S. Goverrment Printing Office, Washington,

rec 9140
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(Single ccpies of this specification and other Federal specifications,
standards and caomercial item descriptions required by activities ocutside
the Federal Goverrmant for bidding purposes are available without charge
Ndw York; Philadelphia; Washington, DC; Atlanta; Chicago; Kansas + MO;
Fort North; Houston; Denver: San n"md.lca: 1os Angelas; and Seattle, WA.

(Federal Goverrsent activities may cbtain copies of Federal specifications,
standards and commercial item descriptions and the Index of Federal
Specifications, Standards and: Commercial Item Cascriptions from established

. distribution points in their agencies.)

Military Specifications:

NIL-I~25017 -~ 1Inhibitor, Corrosion, Puel Soluble.
MII~1-27686 - Inhibitor. Puel System Icing.

14 tandacdss

MIL-STD-105 - Sampling Procedures and Tables for Inspection by Attributes.
MIl~87D-290 - Packaging, Packing, and Marking of Petroleum and Related
Products.

| uilitary Qualified Products List:

J QPL~25017 -~ Inhibitor, Corrosion, Puel Soluble.

(Copies of Military Specifications and Standards required by contractors in
connection with specific procurement functions should be obtained from the
procuring activity or as directed by the contracting officer.)

2.2 Other publications. The following documents form a part of this
specification to the extent specified herein. Unless a specific issue is
indentified, the issue in effect on date of invitation for bids or request for
proposal shall apply. )

Amecrican Society for Testing and Materials Publications:

D 86 = Distillation of Petroleum Products

D 93 = Plash Point by Pensky-Martens Closed Tester

D 97 = Pour Point

D 129 = Sulfur in Petroleum Products by the Bomb Method

D 130 = Detection of Copper Corrosion from Petroleum Products by the
Cepper Strip Tarnish Test .

D 270 - Sampling Petzoleum and Petroleum Products

. D 445 = Viscosity of Transparent and Opaque Liquids (Kinematic and

Dynamic Viscosities) )

D 462 = Ash from Petroleum Products

D 524 = Ramsbottom Cazbon Residue of Petroleum Products

D 613 = Ignition Quality of Diesal Puels by the Cetane Method

D 974 = Meutralisation Numbez by Color-Indicator Titration
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D e « Calculated Cetane Index of Distillate Puels

D 1298 Density, Specific Gravity or API Gravity of Crude Petroleua
and Liquid Petroleum Products by Hydrometer Method

D 1352 Sulfur in Petzoleum Products (High-Temperature Method)

D 2234 Stability of Distillate¢ Puel Oil (Accelerated Method)

D 227¢ - Particulate Contaminant in Aviation Turbine Puels

D 28300 = Cloud Point of Petroleum Oils

D 2622 - Sulfur in Petroleum Products (X-Ray Spectrographic Method)

(Most of the ASTM Methods listed above are included in various Parts of the
Annual Book of ASTM Standacrds and are available individually. ASTM Method D 613
is available only in the ASTM Manual for Rating Motor, Diesel, and Aviation
Puels. Application for copies of all ASTM publications should be addressed to
the American Society for Testing and Materials, 1916 Race Street 'Philadelphia,
PA 19103,)

3. REQUIREMENTS

3.1 Material. The diesel fuels supplied under this specification shall be
tefined petroleum distillates. Additive agents, such as stabilizers, pour point
depressants, haze improvers, flow improvers, etc., will be permitted for
products purchased by individual installations in the continental U.8. (CONUS).
However, for military bulk deliveries outside the continental U.S. (CONUS), or
long term storage (greater than six months) applications (i.e., Army depot
facilities, stand-by power generators), only those additives specified in 3.2
will be permitted, .

3.2 Additives. The additives listed herein may be used in amounts not to
exceed those specified.

3.2.1 Antioxidants. The following active inhibitors may be blended
separately or in combination into the fuel in a total concentration of 8.4
pounds of inhibitor (not including weight of solvent) per 1,000 barrels of fuel
(9.1 g/100 gal (US), 24 mg/liter or 109 mg/gal (UK)) in order to prevent the
formation of gum: )

(a) N,N' -dijisopropyl-para=-phenylenediamine

(b) MN.N' -disecondary butyl-par-phenylenedianmine

(c) 2,6-ditertiary butyl-4-methylphenol

(d) 6-tertiary butyl-=2,4-dimethylphencl

(e) 2,6-ditectiary butylphenol

(£) 75 pecrcent min. 2,6-ditertiary butylphenol and 25 percent max.
tertiary and tritertiary butylphenols

(9) 60 percent min. 2,4=ditertiary butylphenol and 40 percent max.
aixed tertiary butylphenols

3.2.2 Cetane improvers. The cetane number tequirements specified in table !
ssy be obtained by use of uny one or any combination of the approved cetane
improvers (amyl nitrate, isopropyl nitrate, hexyl nitrate, cyclohexyl nitrate,
d=ethylhexyl nitrate, and octyl nitrate).
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(a) Por grade DP=-A - 0.25 percent by weight
(b) Por grade DA-l and DF=2 - 0.50 percent by weight

+3+2.3 Corrosion inhibitors.
say be blended into the fuel by the contractor.

A corrosion inhibitor conforming to MIL-I-25017
The amount added shall be equal

to or greater than the minimun effective concentration and shall not exceed the
saximum allowable concentration listed in the latest revision of QPL~25017.

3.2.‘

Puel system icing-inhibitor.

A fuel system icing inhibiXor conforming

€0 MII~1-27686 (NATO Code §-748) may be blended into the fuel in an amount not
to exceed 0.15 percent by volume.

3.3 Physical and chemical requirements.

the requirements specified in table I and 3.4.
TABLE I. Physical and chemical requirements.

The diesel fuels shall conform to

1 Values
. | Grade DF-2:

Properties .Grade DP-A | Grade DP-1 | CONUS OCONUS
Density, kg/L €15°C . Report Report Report 0.815 to 0.860
Plash point, °C min. <38 38 52 5
Cloud point, °C max. t =81 2/ 2/ 2/
Pour point, °C max. Report Report Report k74
Kinematic viscosity @40°C

(20°C), eS¢t 1.1 t0 2.4 | 1.3 to 2.9 |1.9 to 4.1 | (1.8 to 9.%5)
Distillation, *C:

50% evapotrated . Report Report Report Report

908 evaported, max. 288 288 338 357

oad point, max. 300 330 370 370

Rosidue, vol. 8, max. 3 3 3 3
Carbon residue on 10%

bottoms, mass &, max.Y 0.10 0.15 .35 .20
Sulfur, mass §, max. 0.25 0.50 0.50 0.70
Copper strip corrzosion,

3 hrs. @ 50°* C

nax. rating © 3 3 3 1l
Ash, mass §, max. 0.01 0.01 0.0} 0.02
Accelecrated stability,

total insolubles

2g/100 mL, max.5/ 1.5 1.5 1.5 1.5
Neutralization number,

Tmo nax, 0.05 - - 0.10
Particulate contamination,

ng/liter, max. 10 10 10 10
Catane number, min, 40 45 45 45
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DP=2 intended for entry into the Central Buropaar. Pipeline System shall
have a sinimum value of 58°C,

As spacified by the procuring activity based on guidance in Appendix A.
DP-2 for Burope and 8. Korea shall have a maximum limit of minus l3°C,

K ® K

As specified by the procuring activity. DP-2 for Burope and 8. Kcrea
shall have a maximum limit of minus 18°C.

IS

See Appendix B. If the fuel contains cetane improvers, the tes:t must te
pecformed on the base fuel blend only.

Q

This requirenent is applicable only for military bulk deliveriegs interded
for tactical, OCONUS, or long term storage (greater than six months)
applications (i.e., Army depots, etc.).

3.4 MYorkmanship. The finished diesel fuels ahall be visually free from
undissolved vater, sediment and suspended matter and shall be clear and bright
at the ambient temperature or 70°F (21°C), whichever is higher.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or purchase order, the contractor is responsible for the performance of
all inspection requirements as specified herein. Except as otherwise specified
in the contract or ctder, the contractor may use his own or any other facilities
suitable for the performance of the inspection requirements specified herein,
unless disapproved by the Govarnment. The Government reserves the right to
perform any of the inspections set forth in the specification where such
inspections are deemed necessary to assure supplies and services confora to
prescribed requirements,

4.2 Lot.

4.2.1 Bulk lot. An indefinite quentity of a homogeneous blend of diesel fuel
of one grade offered for acceptance in a single isolated container; or
manufactuzed ir a single plant run (not exceeding 24 hours) through the same
processing equipment, with no change in ingredient material.

4.2.2 Packaged lot. An indefinite number of S$5-gallon drums or other unit
containecs of identical size and type, offered for acceptance, and filled with a
homogeneous blend of diesel fuel of one grade from one isolated container) or
£illed with a homogeneous blend of diesel fuel of one grade manufactured in a
single plant run (not exceeding 24 hours) through the same processing equipment,
with no change in ingredient material.

4.3 Sampling.
4.3.1 l1ing for the inspectiocn of filled containers. Take a randoa sample

of filled containers from each lot in accordance with MIL~-8TD-103, at inspecton
level 11 and acceptable quality level (AQL) = 2.5 percant defective.
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4.3.2 Sampling for tests. Také¢ samples for tests in accordance with A{™
Method D 270. Test the samples in accordance with 4.6.

4.4 Inspection. Perforam inspection in accordance with Method 9601 of rid.
Test Method Std. No. 791.

4.4.1 BExamination of the preparation for delivery. Examine samplez “aken in

accordance with 4.3.1 for compliance with MIL-5TD=290 with regard to f£ill,
closure, sealing, leakage, packaging, packing, and marking requirements. Reject
any container having one or more defects or under the required £ill. Reject the
lot represented by the sample if the number of defective or underfilled
containers exceeds the acceptance number for the appropriate sampling plan of

MIL~8TD=105.

4.5 Classification of tests. All tests are quality conformance tests.

4.6 Test methods. Perform tests in accordance with the applicable methods
listed in table II and Appendix B.

TABLE II. Test methods.

Test
Test Method No.
Density ASTM D 1238
Plash point ASTM D 33
Cloud point ASTM D 2500
Pour point ASTM D 97
Kinematic viscosity ASTM D 445
Distillation ASTM D 86
Carbon residuel/ ASTM D 524
Sulfur 2/ AST™ D 1552, D 129, or D 2622
Copper strip corrosion AST™ D 130
Ash ASTM D 482
Accelerated stability AST™M D 2274
Heutralization AS™M D 974
Particulate contamination AST™M D 2276 (Appendix A2)
Cetane number 3/ ASTM D 613 or D 976
Puel system icing {nhibitor Fed. Test Method Std. No. 791,

Methods 5327, 5330, or 5340

Y 8ee Appendix B.
2/ D 1552 is the preferred method but D 129 and D 2622 may be used as an

altezrate.

3/ D 613 is the prefecrred method for determining cetane quality. However,
where cetane improvers have not been used as determined by Appendix B,
D 976 may be usad as an alternate.
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S. PREPARATION FOR DRLIVERY

S.1 QPackaging, packing, and marking. Uriless othervwise specified in the
oontract or order ‘(see 6.2), packaging, packing, and marking shall be in
acootdance with MIL~8TD~-290.

€. WOTES
6.1 Intended use.

6.1.1 Military symbol DPF=A. Arctic-grade diesel fuel 0il is intended for use
in high-speed automotive~type diesel angines, gas turbine engines other than
alrecraft, and pot-type burner space-lhieaters, in areas vhece ambient
temperatures lower than =32°C generally occur, and where it is impractical to
maintain dual storage capabilities. This grade of diesel fuel should not be
used for slow-speed stationary engine applications.

6.1.2 Military symbol DP-1. Winter-grade diesel fuel oil is intended for use
in high-speed automotive diesel engines and gas turbine engines other than air-
craft, in areas in which ambient temperatures as low as =-32°C may occur (see
Appendix A). This grade of diesel fuel may be used for medium—speed.stationazy
engine applications, where fuel heating facilities are not available.

6.1.3 Military symbol DF-2. Regqular-grade diesel fuel oil is intended for
use in all automotive high-speed/medium-speed engine applications and gas
turbine engines other than aircraft, in temperate climates according to

guidelines in Appendix A.

6.2 Ordering data. Purchasers should select the preferred options offered
herein and include the following information in procurement documents:

(a) Title, number, and date of this specification.

(b) Grade designation (military symbol; see 1.2),

(c) 8ize and type container required (see 5.1).

(d) Quantity of diesel fuel required. The unit of purchase is the
U.8. gallon (231 cubic inches at 60° P (15.6°C).

(e) Level of packaging and level of packing required (see 5.1).

(£) Cloud point for DF-1 and DP-2 (see Appendisz A).

(g) Pour point for OCONUS DP-2 (see note 3, table I).

6.3 Certain provisions of this specification are the subject of internatiocnal
standardization agreements (NATO STANAGS 1135, 2754, and 28483). When amendment,
gevision, or cancellation of this specification is proposed which would affect
or violate the international agreement concerned, the preparing activity will
take appropriate reconciliation action through international standardisation
channels, including departmental standardization offices, if required.

Appendix B 68

e



..............

VV=F=-300C

MILITARY INTRREST: CIVIL AGENCY COORDINATING ACTIVITIES:
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Custodians: DOT - WP
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Air Porce -~ 68
Preparing Activity:
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- Army = AT
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APPENDIX A

TENTH PERCENTILE MINIMUM AMBIENT TEMPERATURE POR DEPINING BATISPACTORY LOW
TENFERATURE PROPERTIES CF DIESEL FPUEL.

10. score

10.1 This appendix covers a method to assess the low temperature operability
limit for automotive diesel fuel.

20. METHODOLOGY

20.1 Minimum daily temperatures compiled f-om weather stations were statis-
tically evaluated to determine the probability for various temperature occur~
rences. A method of reporting this probability is with the use of percentiles
which evaluate the compiled distribution and report the temperatures corres-
ponding to their probabilities of occurrence. To predict limiting low ambient
temperatures, the 10th percentile minimum temperature values have been selected
as a realistic guide. By definition, the 10th percentile minumum temperature
predicts a 10 percent chance that the daily ainimum will be lower than the
predicted value, or a 90 percent chance that the daily minimum will be no lower
than the predicted value.

30. APPLICATION

30.1 The 10th percentile minimum temperature values for the United States and
OCONUS areas are tabulated and presented in table III and IV. Satisfactory
operaticn should be achieved in most cases if the Cloud Point is specified at or
below the 10th percentile minimum temperature. This guidance is of a general
nature as some equipment design, use of flow improvers, fuel properties, and/or
type of operating conditions may allow higher or require lower cloud point fuels.
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TAMLE IIZ. wwﬂiﬂu-

State “Sept__ Oct __ MNov . Dec  Jan  Feb  Mar
Alabana 13 4 -3 -6 -7 -3 -2
Alaskail/

Northern -7 =25 =37 =45 -49 -47 -42

Southern -1 -11 =13 -16 -32 -32 =29

South East b -4 -1l =16 -19 -13 -12
Arizonas

N 34° LAT 1l -4 -12 -14 -17 -16 -12

8 34° LAT 13 7 0 -2 -4 -3 -1
Arkansas 9 2 -4 -7 -11 -7 -3
California: 2/

N and 8 Coast 6 4 0 -2 -2 -1 -1

Interior and SB 6 1 -6 -8 -1l -7 -6
Colorado:

E 105° LONG 4 -2 -12 -14 -i9 -15 -12

W 105° LONG -l -8 -18 =25 =30 -24 =16
Connecticut 4 <1l -7 =16 -17 ~16 -9
Delavare 8 2 -3 -10 -11 -10 =5
Plorida 17 ? 1l -1 -3 -1 4
Georgia 12 3 -2 -6 -7 -6 -2
1daho 2 -4 -13 -18 -21 -18 =13
Illinios 5 -1 -9 -19 -21 -18 -11
Indiana 6 -1 -7 -16 -18 =16 -9
Iowa 4 -2 «13 -23 =26 =22 -16
Kansas 4 -2 =11 =15 -19 -14 =13
Kentucky ? 1 -6 =13 -14 -11 -6
Louisana 14 5 -1 -3 -4 -2 l
Maine 1 -3 -10 -23 -26 -26 =18
Maryland 8 2 -3 -10 =12 -10 -4
Massachusetts 3 -2 -7 =16 =18 -17 =10
Michigan 1 -2 -11 -20 «23 =23 -18
Minnesota -] -4 -18 =30 =34 -31 -24
Mississippi 13 3 -3 -6 -6 -4 -1
Missouri 8 1 -7 -14 -16 -13 -8
Montana -1 -7 -18 ~24 =30 =24 -21
Nebraska 3 -3 -13 =18 -22 -19 -13
Nevadas

N 38° LAT -2 -7 =14 =17 =22 -18 =13

8 38° LAT 14 8 0 -3 -4 -2 1
Now Hampshire 1 -3 -8 =-18 -21 =21 -12
New Jersey 8 2 -3 =11 -12 -1l -6
New Mexico 5 -2 =11 -14 -17 -14 -1l1
ilev York b S -3 -8 =21 -24 -24 -16
Morth Carolina 6 -1 -7 «10 =11 -9 -5
Korth Dakota 1 -4 =20 =27 =31 -29 -22
Ohio 4 -1 =7 =16 =17 =15 -9
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TARLE III. United States 10th percentile minimum temperatures,; °C. (Cont'd)

State —Sept _Oct __Nov Dec  Jan  Peb  Mar
Ok lahoma 9 1 -8 -12 -13 -8 -7
Oregon:

B 122° LONG =1 -6 -11l -14 =19 =21 -9

W 1223° LONG 4 0 -4 =5 =7 -4 -3
Pennsylvania 0 -3 -8 =19 -20 -21 =15
Rhode Island 6 1l -3 =12 -13 -13 =7
South Carolina 13 L] -1 -5 -5 -3 -2
South Dakota 3 -4 =14 -24 -27 -24 -18
Tennessee ? 1 -5 -9 -l1l -9 ~4
Texas:

N 31° LAT 9 3 -6 -9 -13 -9 =7

8 31° LAT 16 9 2 -2 -3 -1 2
Utah 4 -2 =11 ~-14 -18 -14 -8
Vermont 3 -3 -8 -20 -23 -24 -15
Virginia 8 2 -3 -9 -11 -9 -4
Washington:

B 122° LONG 2 -2 -8 -11 -18 =11 -8

W 122¢ LONG 3 0 -3 -3 -7 -4 -3
West Virginia 3 -3 -8 =15 -16 -14 -9
Wisconsin 2 -3 -14 -24 -28 -24 -18
Wyoming 1 -4 -15 =18 =26 =19 =16

Y/ Details of state division are as indicated:

* Northern Region: Area north of the 62° LAT.
* Southern Region: Area bordered on the north by the 62° LAT, bordered

on the east by the 141° LONG., and bordered on the
south by tha 56° LAT.

* Southeastern Coast and Aleutian Islands: Area bordered on the north

by Canada, bordered on the west by the 141° LONG.,
and the remaining area bordered on the north by the
56°® LAT,

2/ Details of state division by county as indicated:

California, North Coast - Alameda, Contra Costa, Del Norte, Humboldt, Lake,

Marin, Mendocino, Monterey, Napa, San Benito,
San Prancisco, San Mateo, Santa Clara, Santa
Crusz, Solano, Sonoma, Trinity

California, Interior = Alpine, Amador, Butte, Calaveras, Colusa, Bl

Appendix B

Dorado, Presno, Glenn, Kern (except that portion
lying east of the Los Angeles County Aqueduct),
Kings, Lassen, Madera, Mariposa, Marced, Modoc,
Nevada, Placer, Plumas, Sacramento, S8an Joaquin,
Shasta, Sierra, 8iskiyou, Stanislaus, Butter,
Tehama, Tulaza, Tuolumne, Yolo, Yuba
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California, South Coast - Los Angeles (except that portion north ¢f the Ban

California, Southeast

TABLE IV. OCONUS 10th percentile minimum temperatures, ® C.

Gabriel Mountain range and east of the Los

Angeles Country Aqueduct), Orange, San Diego, San

Luis Obispo, Santa Barbara, Ventura

- Inperial, Inyo, Kern (that portion lying east of

the Los Angeles County Aqueduct), Los Angeles

(that portion north of the 8an Gabriel Mountain
range and east of the Los Angeles County

Agueduct), Mono, Riverside, San Bernardino

Country Oct Nov Dec Jan Feb Mar Apr
Austria -1 -5 -12 =10 -9 -6 -1
Belgium 0 -3 -9 =7 -6 -6 -3
Denmack -1 -3 -6 -7 -7 -7 -3
france 0 -2 -9 -9 =5 -5 -1
Germany -2 -5 -13 ~-13 -12 -9 -5
Greece S 0 -3 -3 -2 -1 3
Iceland -1 -5 =7 -9 -7 -7 -4
Italy 1l -3 -6 -8 -7 -3 -1
Korea 1l -6 -13 -20 o -7 -1
Luxembourg 1l -3 =7 -7 -6 -4 -2
Netherlands 0 -2 -8 -8 -6 -5 -2
Norway -6 -14 -16 -18 -18 -16 -5
Portugal 8 4 1l 1l 1 1 S
Turkey -1 -§ -10 -16 ~-16 -6 -1
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APPENDIX B
DETECTION OF WITRATE-TYPE IGNITION IMPROVERS IN DIESEL FUEL

10. 8Scors

10.1 This method of test covers the determination of organic nitrate ester-
type cetane improver additives used in diesel fuel. It is intended as a
screering test for those diesel fuel inspection test procedures that are
affected by the presence of cetane improvers; namely, ASTM D 524 Standard Method
of Test for Rambottom Carbon Residue of Petroleum Products and D 976 Standard

Methods for Calculated Cetane Index of Distillate PFuels.

20. SUMARY

20.1 A diesel fuel sample is saponified in a potassium hydroxide~ 1 butancl
mixture and then filtered through a glass fiber filter disk. The material
remaining on the disc is treated with diphenylamine reagent after drying. The
presence of a nitrate ester cetane improver is revealed by the formation of a
blue ring and/or blue-black spot due to oxidation of diphenylamine to intense
blue quinoidal compounds by the nitrate salt. No color change confirms the

absence of a cetane improver.
30. APPARATUS

30.1 Reaction bottle ~ Screw-cap bottle, 29.6 aL (1 £f1 oz) capacity, wide
south, flint glass, with screv cap lined with tin or tetzatluoroethylene (TFE)

resin.

30.2 Glass fiber filter paper - 37 mn diameter, Grade 934 AE (B. Reeve Angel,
Inc., Clifton, N, J., or equivalent).

30.3 Pipette ~ 10 mlL capacity, fitted with a pipetting bulb. Several types.
and makes of pipetting bulbs and assemblies are available. One of the following
is suggested: Fisher Cat. No. 13-681, Pipet Piller, Fisher Safety, or equal;
Pisher Cat. No. 13-681-50, Pipet Piller, or equal; Pisher Cat. No. 13-682, Pipet

Adapter, Pisher,. or equal.
30.4 Graduated cylinders - 10 mL and 25 mlL capacity.

30.5 Suction flask with a suitable holder to accomodate a 60 mlL glass-fittad
crucible.

30.6 Crucible -~ 60 aL capacity, glass-fritted, medium porosity.

30.7 Oven suitable for 4rying filter dlscl at 1l0°* C.
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40. REAGENTS
40.1 Saponification mixture (ln) = Prepared by mixing 6.5 g potassium s

hydzoxide (ACS grade) with 100 alL absolute l-butanol (ACS grade) and heating to g
dissolve the ECB. After the solution cools, the mixture is filtered through the ;

glass fiber filter paper.

40.2 Diphenylamine (1 percent solution) « Prepared by dissolving 0.250 ¢
diphenylamine (ACS indicator grade) in 25 al sulfuric acid (sp. gr. 1.834).

40.3 Toluene (ACS reagent grade).

NOTE: Toluene is flammable and toxic. 2void breathing
vapors or contact with skin,

S0. PROCEDURE

$0.1 Pipette 10 mL of sanple into the reaction bottle and add 5 mlL of toluene
followed by 10 aL of the saponification mixture.

NOTE: Oral pipetting techniques should not be used because
of the toxicity of the substances involved. A pipet-
ing bulb or-assembly similar to one of those described
in 30.3 should be used.

50.2 Affix cap to tne reaction bottle tightly and, after mixing the contents,
place it in an oven maintained at 110° C for 4 hours.

$50.3 Remove the reaction bottle from the oven and allow it to cool to 25° +
3eC.

50.4 Pilter the contents of the reaction bottle through the 60 mlL glass
fritted crucible fitted with the glass filter disc.

50.5 Wash the reaction bottle with 25 mL of toluene and transfer it to the
glass~fritted crucible.

' 50.6 Carefully remove the glass fiber filter disc and 4ry it in oven at ll0°C
for 15 minutes.

50.7 Remove the filter disc and cool it to 25° ¢+ 3°C,

$S0.8 A4dd 3 drops of diphenylamine solution to the center of the disc and
observe whether a blue or blue-black color foras.

60. REPFORT
60.1 The presence of organic nitrate aster~type cetane improvers will be

teported if the formation of a blue oolor occurs. Reference samples of diesel
fuesls containing 0.5 percent by volume of any one of the approved cetans
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impcovers (amyl nitrcate, cyclohexyl nitrats, hexyl nitzate, isopropyl nitrate,
2-ethylhexyl nitzate, and octyl nitzate) give an intense blue to blue-black
coloe throughout the reagent spot whereas those samples containing only 0.1
percent by volums produce a blue £ing at the outer boundary of the reagent. ¢4
a positive reaction cccurs (i.e., a blue or blue-black coloration) , the cacbon
zesidue determination (4 524) sust be performed on a neat or base fuel blend.
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MIL-F-46162B(ME)
14 August 1981
SUPERSEDING
MIL-F=46162A(MR)
6 April 1976

MILITARY SPECIFICATION
FUEL, DIESEL, REFEREE GRADE

This specification is approved for use by the Mobility Equipment
Research and Development Command, Department of the Army, and is
available for use by all Departments and Agencies of the Department
of Defense.

1. SCOPE

l.1 Scope. This specification covers one grade of diesel fuel for use in
research, development and proot testing of all compression-ignition engines,
diesel-powvered auxiliary units, gas turbine engine driven ground vehicles and
mobile electric powver generators, and other fuel handling supply items designed
to operate with tactical grades of diesel fuel conforming to VV-F-800 (see 6.1).

1.2 Definition. Referee grade is defined as follcws:

Referee grade diesel fuel. A diesel fuel representing the minimal or
marginal quality level vhich can be procured under specification VV-F-800
vhile meeting all of its requirements. It is designed to be equivalent
to the quality of OCONUS distillate production or that production
available in times of national ewmergency. It is used for research,
development and proof testing to assure that all diesel-consuming
equipment will perform adequately with all diesel fuels procured under
W*F-GOO.

2. APPLICABLE DOCUMENTS

2.1 Covermment documents.

2.1.1 Specifications and standards. Unless otherwvise specified (see 6.2),
the tollowing specifications and standards of the issue listed in that issue of
the Department of Defense Index of Specifications and Standards (DoDISS)
specified in the solicitatinn, form a part of this specification to the extent
specified herein.

Beneficial comments (recommendations, additions, deletions) and any pertinent
data which may be of use in improving this document should be addressed to: US
Army Mobility Equipment Research and Development Command, ATTN: DRDME-DS, Fort
Belvoir, VA 22060 by using the self-addressed Standardization Document
Improvement Proposal (DD Form 1426) appearing at the end oFf this document or by
lettaer. .

FSC 9140
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SPECIFICATIONS
FEDERAL
VVv-F=800 = Fuel 0il, Diesel.
MILITARY
MIL-T-5624 = Turbine Fuel, Aviation, Grades JP-4 and JP-5.
MIL-1-25017 = Inhibitor, Corrosion, Fuel Soluble.
MIL-T-83133 - Turbine Fuel, Aviation, Kerosine Type, Grade
JP-8.
STANDARDS
FEDERAL
FED-STD~791 = Lubricants, Liquid Fuels and Related
Products; Methods of Testing.
MILITARY
MIL-STD-105 - Sampling Procedures and Tables for
Inspection by Attributes.
MIL-STD-290 - Packaging, Packing and Marking of Petroleum

and Related Products.

QUALIFIED PRODUCTS LISTS

MILITARY
Q?2L-25017 = Qualified Products List of Products
Qualified Under Military Specification
MIL-I-25017.

(Copies of specifications, standards, drawings and publications required by
manufacturers in connection with specific procurement functions should be
obtained from the acquisition activity or as directed by the contracting
officer.)

2.1.2 Order of precedence. 1In the event of a conflict between the text of
this specification and the references cited herein, the text of this specifica~
tion shall take precedence.

2.2 Other publications. The following documents form a part of this
specification to the extent specified herein. The issues of the documents which
sare indicated as DoD adopted shall be the issue listed in the current DoDISS and
the supplement thereto, if applicable.
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AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) STANDARDS

D8 ~- Distillation of Petroleum Products.

D 93 = Flash Point by Pensky-Martens Closed Tester.

D 97 - Pour Point of Petroleum Oils.

D 129 = Sulfur in Petroleum Products (General Bomb Method).

D 130 =~ Detection of Copper Corrosion from Petroleum Products by the Copper
Strip Tarnish Test.

D 240 - Heat of Combustion of Liquid Hydrocarbon Fuels (Cenersl Bomb
Method)

D 270 - Sampling Petroleum and Petroleum Products.

D 287 <~ API Gravity of Crude Petroleum and Petroleum Products (Hydrometer

Methed) .
D 445 = Kinematic Viscosity of Transparent and Opaque Liquids (and the

Calculation of Dynamic Viscosity).

D 482 =~ Agh from Petroleum Products.

D 524 - Ramsbottom Carbon Residue of Petroleum Products.

D 613 - Ignition Quality of Diesel Fuels by the Cetane Method.

D 974 <~ Neutralization Number by Color-Indicator Titration.

D 976 - Calculated Cetane Index of Distillate Fuels.

D 1319 - Hydrocarbon Types in Liquid Petroleum Products by Fluorescent
Indicator Adsorption.

D 1552 - Sulfur in Petroleum Products (High Temperature Method).

D 2274 - Stability of Distillate Fuel 0il (Accelerated Method).

D 2276 - Particulate Contaminant in Aviation Turbine Fuels.

D 2500 - Cloud Point of Petroleum Oils.

D 2622 ~ Sulfur im Petroleum Products (X~-Ray Spectrographic Method).

(The test methods listed above ¢~ included in Parts 23, 24, 25 and in other
Parts of the Annual Book of ASTM Standards and are available individually. ASTM
Method D 613 is available only in the ASTM Manual for Rating Motor, Diesel and
Aviation Fuels. Applications for copies of all ASTM publications should be
addressed to the American Society for Testing and Materials, 1916 Race Street,

Philadelphia, PA 19103.)

(Specifications and standards of technical sccieties are generally available
for reference from libraries. They are also distributed among interested

Federal agencies.)
3. REQUIREMENTS

3.1 Material. The diesel fuels shall be refined petroleum distillates.
Those fuels meeting the requirements shall contain catalytically or thermally
processed blending fractions with additives as specified in 3.2 and its

suoparagraphs.
3.2 Additives. Additive use shall be as specified in 3.2.1, 3.2.2, 3.2.3 and

3.2.4. Addition of an antioxidant or stabilizer and a corrosion inhibitor is
mandatory. Addition of & cetane improver(s) or a pour-point depressant or flow
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improver is permissible, if necessary to meet requirements of this o
specification. The particular additives and the amounts used shall be limited

to those specified.

3.2.1 Antioxidants and stabilizers. Any one or a combination c¢f the
following oxidation inhibitors shall be blended into the fuel in a total
concentration of 8.4 pounds of inhibitor (not including the weight of solvent)
per 1000 barrels (42 gal/bbl) of fuel (9.1 g/100 gal (US), 24 mg/liter, or 109
mg/gal (UK), to prevent the formation of gum:

(a) N,N'-diisopropyl-psra-phenylenediamine.

(b) N,N'-disecondary butyl-pars~phenylenediamine.

(e¢) 2,6-ditertiary butyl-4-methylphenol.

(d) 2,4-dimethyl-6-tertiary butylphenol.

‘(e) 2,6-~ditertiary butylphenol.

(£) 75 percent min 2,6-ditertiary butylphenol and 25 percent max
tertiary and tritertiary butylphenols.

(g) 60 percent min 2,4~ditertiary butylphenol and 40 percent max

mixed tertiary butylphenols.

The addition of aniioxidants or stabilizers other than those listed in this
paragraph is permitted, provided that prior approval is obtained from the US
Army Mobility Equipment Research and Development Command, ATIN: DRDME-GL, Ft.
Belvoir, VA 22060. Requests for approval shall ccntain the chemical name ov
trade name of the ndditive, concentration of additive in the fuel, and
laboratory data demonstrating the effectiveness of the additive in diesel fuels.

3.2.2 Corrosion inhibitor. A corrosion inhibitor conforuwing to MIL-I-25017
shall be blended into the fuel. The amount added shall be equal to or greater
than the minimum effective concentration and shall not exceed the maximum
allovable concentration listed in the latest revision of QPL-25017.

3.2.3 (Cetane improver. The cetane number requirements specified in table I
may be obtained by use of any one or any combination of the approved cetane
improvers (amyl nitrate, isopropyl nitrate, hexyl nitrate, cyclohexyl nitrate,
and octyl nitrate), including the structural isomers of amyl, hexyl, and octyl
nitrates. The total concentration of cetane improvers shall not exceed 0.50
percent by weight.

3.2.4 Pour-point depressant or flow improver. A pour-point depressant or
flow-improver additive may be used to meet the low temperature requirements

specified in table I.

3.3 Physical and chemical requiremerita. The diesel fuels shall conform to
the requirements specified in table I.

3.4 Workmanship. The finished diesel fuel shall be visually free from
undissolved water, sediment and suspended matter and shall be clear and bright

st 21° CO
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TABLE I. Physical and chemical requirenments.

Value
Property
Density, Kg/L @ 15° C Report
Flash point, *C Report
Cloud point, °C max -13
Pour point, °C max -18
Kinematic viscosity, ¢St at 40° C 1.9 to 4.1
Distillaction, °C:
Initial boiling point Report
102 recovered Report
50X recovered 245 to 285
90% recovered 330 to 357
952 recovered 350 ro 375
End point, max 385
Carbon residue on 10X bottoms, 0.20
X wt, maxi/
Sulfur, X we2/ 0.95 to 1.05
Copper atrip corrosion, 3 hrs @ 1
50° C, ASTM classification, max
Ash, 1 wt, max 0.02
Accelerated stability, total i.5
insolubles, mg/10C ml, wmax
Neutralization No., TAN, max 0.2
Aromatics, volume X Report
Net heat of combustion, BTU/1d Report
Particulate contamination, 10
mg/liter, max
Cetane number 40 to 45

1/ See Appendix. The maximum limits do not apply for samples containing
cetane improvers. In those instances, the test must be performed on the
basefuel blend.

2/ sulfur in the finished fuel should be naturally-occurring. If additional
sulfur is required, only tertiary butyl disulfide shall be added.
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4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract, the contractor is responsible for the performance of all inspection

requirements as opecified herein: Bxcept as otherwise specified in the
contract, the contractor way use his own ov any other facilicies suitable for

the performance of the inspection requirements specified herein, unless
disapproved by the Government. The Government reserves the right to perform any
of the inspections sat forth in the specification where such inspections are
deemed necessary to assure that supplies and services conform to prescribed

requirements.
4.2 Llot.

4.2.1 Bulk lot. An indefinite quantity of a homogeneous mixture of one grade
of fuel oil offered for scceptance in & single, isolated container; or
manufactured in a single plent run (not exceeding 24 hours), through the same
processing equipment, with no charnge in the ingredient materials.

4.2.2 Packaged lot. An indefinite number of 55 gallon drums or smaller unit
containers of identical size and type, offered for acceptance, and filled with a
homogeneous mixture of one grade of fuel oil from a single, isolated container;
or filled with a homogeneous mixture of one grade of fuel o0il, manufactured in a
single plant run (not exceeding 24 hours), through the same processing
equipment, with no change in the ingredient materials.

4.3 Sampling.

4.3.1 Sampling for examination of filled containers. Take a random sample of
filled containers from each packaged lot in accordance with MIL-STD-105 at
inspection level II and acceptable quality level (AQL) = 2.5 percent defective.

4.3.2 Sampling for tests. Take samples for tests in accordance with ASTM
Method D 270.

4.4 Inspection. Perform inspection in accordance with Method 9601 of
FED-STD-791.

4.4.1 Examination of filled containers. Examine samples taken in accordance
with 4.3.1 for compliance with MIL~STD-290 with regard to fill, closure,
sealing, leakage, packaging, packing, and marking requirements. Reject any
container having one or more defects or under the required fill. If the number
of defective or underfilled coats’~svrs excee s e ~~ceptance number for the
arriopriais plan of MIL-STD 105, rej-«et tite lot represented by the sample.

RS iasgiiveation ¢f ©@3is: AV iueig evs avsiizv conformance Leats.

'

4.6 Test methods. Pcrform tests in accordance with the applicable methods
listed in table II and Appendix.
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TABLE 1I.

Test methods.,

ASTM Test Method No.

Test

Gravity, °APIl D 287

PFlash point D 93

Cloud point D 2500

Pour point D 97

Kinematic viscosity D 445

Distillation D 86

Carbon residuel/ D 524

Sulfar2/ D 1552, D 129, or D 2622
Copper strip corrosion D 130

Ash D 482

Accelerated stability D 2274
Neutralization number D 974

Aromatics D 1319

Net heat of combustion D 240

Particulate contamination D 2276 (Appeniix A2)
Cetane number3/ D 613 or D 979

1/ see Appendix.

2/ D 1552 is the preferred method but either D 129 or D 2622 may be used
as an alternate.

3/ D 613 is the preferred method for determining cetane quality. However,
vhere cetane improvers have not been used as determined by the method
in the Appendix, D 976 may be used as 4n slternate.

4.7 Report of analysis. The contractor shall provide copies of analysis

reports, givirg the results of these tosts with a statement of the types and
concentrations of the additives used in the diesel fuel.

3« PACKAGING

5.1 Packing and marking. Diesal fuel contained in the sire and type container
specified (see 6.2), shall be packed and marked in accordance with MIL~STD-290.
Packing shall be level A, level B, or commercial as specified (see 6.2).

6. NOTES

6.1 Intended use. This diesel fuel is intended for use in research,
development and proof-testing nf all compression-ignition enginee,
diesel-powered auxiliary units, gas “urbine engine driven ground vehicles and
mabile »lectric power generators, and other fuel handling supply items. The use
ot refaree Zuel in conluactior with Develonmant Tacting (DTI through DTIIL) is
<oneidi o4 necessar, L Uncovel potential oper-iicnal prublems with respect to
performance and to enable data correlation of all testing sites regardless of
geographical location. Referee fuels should not be used in engines or other
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equipment in the field as a substitute for VV-F-800 diesel fuel without approval
of the engine manufacturer or from the US Army Mobility Equipment Research and
Development Command, ATIN: DRDME~GL, Fort Belvoir, VA 22060.

6.1.1 Temperature range. This diesel fuel is intended for use in all engine
and equipment qualification, proof, engineering or pilot model testing where
ambient temperatures at or above minus 18° C are anticipated. At temperatures
belov minus 18° C, JP-8 fuel conforming to MIL-T-83133 or JP-5 fuel conforming

to MIL-T-5624 should be used.

6.2 Orde.ing data.

{(a) Title, number and date of this specification.
(b) Size and type of container required (see 5.1).

(¢c) Degree of packing required (sce 5.1).
(d) Quantity of diesel fuel required. The unit of purchase is the US

gallon [231 cubic inches at 60° F (15.6° C)]

Preparing activity:

Custodian:
Aray -~ M2 Army -~ ME
Review aczivities: Project 9140-A097
Army -~ AT
DLA - 28

User activities:
Arwy - CE, TE
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10. SCOPE

10.1 Scope. This method of test covers the determination of ocganic nitrate
ester—-type cetane improver additives used in diesel fuel. It is inierzed as a
screening test for those diesel fuel inspection test procedures that are
affected by the presence of cetane improvers; namely, ASTM D 524, Ramsbottom
Carbon Residue of Petroleum Products and ASTM D 976, Calculated Cetane Index of

Distillate Fuels.

20. SUMMARY

20.1 Summary. A diesel fuel sample is saponified in a potassium hydroxide -
1 butanol mixture and then filtered through a glass fiber filter disc. The
material remaining on the disc is treated with diphenylamine reagent after
drying. 1he presence of a nitrate ester cetane improver is revealed by the
formation of & blue rig o= blue-black spot due to oxidation of diphenylamine to=
intense blue quinoidal compounds by the nitrate salt. .No color change confirms

the absence of a cetane improver.

30. APPARATUS

30.1 Resction bottle. Screw—cap botitle, 29.6 ml (1 £l oz) capacity, wide
mouth, flint glass, with screw—-cap lined with tin or tetrafluorethylane (TFE)

resin.

30.2 Glass fiber filter psper. 37-mm diameter, Grade 934 AH (H.Reeve Angel,
Inc., Clifton, NJ, or equivalent).

3J0.3 Pipette. 10-ml capacity, fitted with a pipetting bulb. Several types
and makes of pipetting bulbs an: issemblies are availablc. One of the followin
is suggested: Fisher Cat No. 13-981, Pipet Filler, Fisher Safety, or equal;
Fisher Cat No. 13-681-50, Pipet Filler, or equal; Pirher Cat No. 13-682, Pipet

Adapter, Fisher or equal.

30.4 Graduated -ylinders. 10-ml and 25-ml c:pacity.

30.5 Suctic:. flask with a svitable holder to accomodate a 60-ml glass~frittce
crucible, )

30.6 Crucibie. 60-ml capacity, glass-fritted, medium porosity.

30.7 OQven. Suitable for drying filter discs at 110° C.
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40. REAGENTS

40.1 Saponification mixture (IN). Prepare by mixing 6.5 g of potassium
hydroxide EACS reagent grade) with 100 ml of absolute l-butanol (ACS reagent
grade) and heat to dissolve the KOH. After the solution cools, filter the
mixture through the glass-fiber filter paper.

40.2 Diphenylamine (1 percent solution). Prepare by dissolving 0.250 g of
diphenylamine iAcs indicator grade in 25 ml of sulfuric acid (sp gr 1.834).

40.3 Toluene (ACS reagent grade).

NOTE: Toluene is flammable and toxic. Avoid breathing vapors or
contact with skin.

50. PROCEDURE

50.1 Pipette 10 ml of the sample into the reaction bottle and add 5 ml of
toluene followed by 10 ml of the saponification mixture.

NOTE: Oral pipetting techniques should not be used becsuse of the
toxicity of the substancces involved. A pipetting bulb or assembly
similar to one of those descrihed in 30.3 should be used.

50.2 Affix cap to the reaction bottle tightly and, after mixing the contents,
place it in an oven maintained at 110° C for four hours.

50.3 Remove the reaction bottle from the oven and allow it to cool to 25° C
plus or minus 3° C.

50.4 Filter the contents of the reaction bottle through the 60-ml
glass-fricted crucible fitted vith the glass fiber filter disc.

50.5 Wash the reaction bottle with 25 ml of toluene and tranafer it to the
glass-fritted crucible.

50.6 Carefully remove the glass fiber filter disc and dry it in oven at
110° C for 15 minutes.

50.7 Remove the filter disc and cool it to 25° plus or minus 3* C.

50.8 Add three drops of diphenylamine solution to the center of the disc and
observe whether a blue or blus~black color forms.

60. REPORT

60.1 The presence of organic nitrate ester-type cetane improvers will be
reported if the formation of a blue color occurs. Reference samples of diesel
fuels containing 0.5 percent by volume of any one of the approved cetane
improvers (see 3.2.3) give an intense blue to blue-black color throughout the
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reagent spot whereas those samples containing only 0.1 percent by volume produce
a.bluc ring at the outer boundary of the resgent. If a positive reaction occurs
(i.e., a blue or blue=black coloration), the carbon residue determination (D

524) must be performed on a neat or basefuel blend.
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APPENDIX C q
Climatic/Geologic Variables Affecting Smoke Dispersion

1. WINDS

Prevailing (steering) winds have the greatest influence on smoke operation. The
prevailing winds blow between 9 and 800 meters above the ground surface. Smoke when
produced moves to the level of the prevailing winds. Prevailing wind data are measured
at an elevation of 16 meters.

The prevailing wind speed is the determining factor on how far the smoke
producing equipment should be placed from the vital area to be screened. Wind speeds
ranging from 5 to 15 km/h are ideal for the production of smoke screens. Wind speeds in
excess of 15 km/h carry the smoke rapidly from its source. Therefore, more smoke
producing equipment and/or material are required to produce the desired results.
However, smoke produced by mechanical smoke generators may be effective in winds up
to 17 km/h because of the great volume produced.

Wind direction is defined as the direction from which the wind blows. The
direction of the wind determines the location of the smoke line to cover the vital area.
Wind direction is classified as head wind, tail wind, flank and quartering winds. Head
winds blow away from the smoke objective or vital area and directly to the smoke
producing source. Tail winds are opposite of head winds. Flank winds blow across the
smoke objective and smoke source. Quartering winds blow between the other winds.
Requirements for smoke pots and fog oil are greater with quartering winds. Another
system for surface wind designates wind direction by cardinal and intermediate points of
the compass (north, northeast, east, southeast, south, southwest, west, and northwest).

2. TEMPERATURE

The effect of temperature on smoke is slight, The enly pessible effeet being the

relationship of temperature to vapor pressure, relative humidity, and a warming of the
smoke cloud due to solar radiation. ’

There are three types of temperature gradients that affect smoke screens:
inversion, neutral, and lapse. Figure C-1 illustrates an artist's concept of the affect of
the three types of temperature gradients on smoke clouds. Figure C-2 and C-3 show
sinoke disseminated from an M3A3 smoke generator during a lapse condition. An
estimate of temperature gradient conditions is used to predict the stability of the air.
Temperature gradients are measured by subtracting the air temperature 0.5 meter above
the ground surface from the air temperature 4.0 meters above the surface. Submitted as
figure C-4 is a graphic illustration of the measurement and classification of vertical
temperature gradients.

A stabie or inversion condition exists when the air temperature increases with an
increase in altitude. This condition creates stabie air currents and makes smoke linger
for long periods. Under stable conditions, smoke streamers tend to travel parallel
downwind for long distances before they spread and merge into a continuous blanket of
smoke. Even after merging, this blanket of smoke lies low to the rising high enough to
cover the tops of buildings or othar tall objects.
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Figure C-4. Measurement and classification
of vertical temperature gradients.
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When thore is little change in temperature based on altitude, conditions are
neutral. Under neutral conditions, smoke streamers have steadier direction and there is
less tendency for them to rise than when they are under unstable conditions. Also,
streamers tend to spread and rise more quickly than under statle conditions. Therefore,
neutral temperature gradients are best for smoke.

Unstable or lapse conditions are just the opposite of inversion; air temperature
decreases as altitude increases. Unstable conditions cause smoke to break up because
the air is moving. [n low winds the smoke streamer may rise abruptly from the source.
In higher winds the streamer may pass only a short distance downwind before rising and
becoming diffused.

3. HUMIDITY

Petroleum distillates and PEG 200 as vaporized smoke clouds do not absorb
moisture. The particle size is so minute that they tend to remain suspended in air until
eventual evaporation which reduces the possible deposition rates.

4. PRECIPITATION

Light rains decrease visibility; therefore, less smoke is needed for concealment.
Heavy rains and snow reduce visibility so that smoke is rarely necessary tc provide
concealment.

5. CLOUD COVER

When the sky is more than 70 percent covered with clouds, neutral temperature
graident conditions prevail. The atmosphere is moderately stable, and conditions are
generally favorable for smoke. '

6. TERRAIN

Since smoke is carried by the wind, it normally follows the earth's contours. On
flat or unbroken terrain and over water, smoke streamers take longer to spread out and
mix. On the other hand, trees and buildings tend to mix smoke streamers and increase
smoke coverage. Large hill masses and rugged terrain cause strong crosscurrents which
disperse smoke, causing holes and uneveness.

Arctic.

Smoke operations in arctic regions or other cold weather areas present special
problems common to all types of units. Preventive maintenance for individual equipment
in cold climates is given in appropriate technical manuals. ‘Smoke generators can
produce effective smoke clouds under arctic conditions when proper lubricants and fuel
mixtures are used. On clear days, stable conditions exist over sr.owy surfaces. This
condition is strongest about sunrise. Smoke tends to remain near the surface and may
travel for long distances before dissipating. Under extremely cold conditions, smoke
clouds last longer than under more temperate conditions. Snow or fog reduces visibility
so that much less smoke is required for effective screening,.
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Desert.

All deserts have certain characteristics in common--lack of surface water, sparse
vegetation, extreme temperature ranges, and brilliant sunlight.  Because of
meteorological conditions and the vast areas usually available for dispersing and
maneuvering troops, it is difficult to make beneficial use of smoke units. However,
smoke can be used effectively for screening and deception. Smoke may be employed to
screen an installation, to breach barriers and minefields, or to cover artillery positions at
night to reduce muzzle flash. Desert sands absorb heat from the sun and cause
appreciable horizontal temperature differences which in turn may cause whirlwinds. The
soil is heated during the day to such an extent that smoke operations become extremely
difficult because of strong unstable conditions. Smoke tends o pillar because of rising
air currents. High winds and dust storms occur throughout the year. Smoke is more
effectively in early morning and late evening or on an overcast day when neutral
atmospheric conditions exist.

Mountain.

Mountain operations are characterized by the difficulties encountered due to
terrain. Generally, inadequate road nets found in mountain areas enhance the military
value of existing roads and add importance to high ground that dominates other terrain.
Smoke generators can screen artillery positions, supply routes, and preparations for
installations and entrenchments. It can also reduce the enemy's ability to use high
ground for observation. Small smoke units are often required to operate for extended
periods with limited resupply in mountain operations because of transportation
difficulties. Steep hills split winds so they eddy around and over the hill. Thermally
induced slope winds occur throughout the day and night. These conditions make it
extremely difficult to establish and maintain a smoke screen. Wind current, eddies, and
turbulence must be continuously studied and observed.

Jungle,

The jungle ordinarily affords concealment from air and ground observation. But,
smoke screens may be employed in jungle operations to screen aircraft landing areas, to
help prevent direct fire on helicopters approaching landing zones, and to screen landing
zones while troops debark helicopters in the landing zone.

In many instances smoke use may be limited to coastal regions to conceal
landings. In other areas, smoke may be us=d to conceal river crossings or to provide
coverage of ri.>rs used as routes of communication. Smoke used in dense vegetation
tends to spread slowly downwind and downslope and follow creek beds and gullies. Jungle
weather is usually hot, humid, and characterized by sudden changes. Within only a few
minutes, clear, hot weather may change to torrential downpour. Windspeed in jungle
areas normally does not exceed 3 kilometers per hour.

N
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AFPENDIX D
Dissemination Models

The purpose of the following models is to provide estimates of downwind dosage
and concentration Jevels resulting from the emission of smoke liquids (fog oil, diesel fuel
and PEG 200), from the XM16 and XM52 smoke generators and to provide input to an
environmental assessment required for disseminating smokes. Worst-case conditions
were used: an inversion with wind speed less than 5 mph.

In May 1982 AMAF Industries, Inc. of Columbia, Maryland completed a computer
program for smoke/obscurant hazard prediction entitled HAZRD2. This model was
prepared for US Army Armament Research and Development Command. The following
models were derived from the HAZRD2 program.

The simulation of the source cloud involves the estimation of the size of the cloud
at the time the atmospheric forces take control of the mass emitted. The source sigmas
in the Y- and Z-directions are estimated to be | m and the release height is about 2 m
above the ground.

The results of the simulation are shown in the following graphs of concentration for
| minute of emission. The results shown are for fog oil. While diesel fuel behaves
differently as a screening agent, only the specific gravity differences would affect the
predicted concentration and dosage patterns. Since diesel fuel is slightly less dense than
fog oil, the fog oil estimates can serve as representative worst cases for this analysis.
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APPENDIX F
Summary of Toxicity of Fuel Oils and Lubricating Oils in
Algae, Phytoplankton, and Bacteria

PHYTOPLANKTON, AND BACTERIA*

TOXICITY OF FUEL OILS AND LUBRICATING OILS IN ALGAE,

SPECIES

EXPERIMENTAL
PROTOCOL

RESULTS

REFERENCES*

Natural marine
phytoplankton
communities

Fresh water
Phytoplankton
(Algae)s
Euglena

Scenedesmus

Skeletonema
(diatom)

Dunaliella
(green flagel-
late)

Chlorella
{(green)

Exposure to 19.1 to 19.8
1 g/1 No. 2 fuel oil
dissolved in water

Cultured and grown on 0.19%
diesel fuel medium or on
10% lubricating oil medium

Cultured and grown on 0.1%
diesel fuel medium

Cultured and grown on 0.1%
lubricating oil medium

Stoppered flask culture
with 100 ug/l of No. 2
fuel oil medium

Unstoppered flask culture
with 1000 pg/l of No. 2
fuel oil medium

Flask culture with ng/l
quantities of No. 2 fuel
oil medium

Cultured on 10% dilution
of seawater with 15 mg/1
No. 2 fuel oil

Cultured on 10% dilution
of seawater with 15 mg/1
No. 2 fuel oil

Inhibition of photo-
synthesis

No reduction in popu-
lation size or growth
rate

No growth; inhibition
of photosynthesis

Inhibition of
photosynthesis

No growth

No growth
Enhanced growth
No effect on growth

No effect on growth

Gordon and Prouse,
1973

Dennington et
al., 1975

Dunstan et al.,
1975

"

"

Pulich et al.,
1974

*References are taken from Liss-Suter, Deborah. A Literature Review-Problem Definition Studies on
Selected Toxic Chemicals, Volume 8 of 8.
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SUMMARY OF TOXICITY OF FUEL OILS AND LUBRICATING OILS
IN ALGAE, PHYTOPLANKTON, AND BACTERIA (CONT.)

SPECIES

EXPERIMENTAL
PROTOCOL

RESULTS

REFERENCES

Agmenelilum
(blue-green)

Thalassiosira
(diatom)

Gymnodinium
(dinoflagellate)

Nostoc
(blue-green)

Agmenelium
(biue-green)

Chiorella
(green)

Thalassiosira
(diatom)

Coccochloris
(blue-green)

Agmenellum
(blue-green)

Appendix F

Cultured on 10% dilution
of seawater with 15 mg/l
No. 2 fuel oil

Cultured on 10% diluticn
of seawater with 15 mg/l
No. 2'fuel oil

Cultured on 10% dilution
of seawater with 15 mg/l
No. 2 fuel oil -

Cultured on 10% dilution
of seawater with 15 mg/l
No. 2 fuel oil

Suspension in 50% dilution
of soluble fraction of
10.1% No. 2 fuel oil in
water mixture

Suspension in 20% dilution
of soluble fraction of
10.1% No. 2 fuel oil in

water mixture

Suspension in 12% dilution
of soluble fraction of
10.1% No. 2 fuel oil in
water mixture

In 25% dilution of soluble
fraction of 10.1% Baytown
or Montana fuel oils mixed
with water

In 25% dilution of soluble
fraction of 10.1% Baytown
or Montana fuel oils mixed
with water

7-hr lag phase
i#-hr lag phase
170-hr lag phase

Prolongation of
doubling time from 6
to 9 hours

Inhibited photo-
synthesis

Inhibited photo-
synthesis

Inhibited photo-
synthesis

No growth

No growth

126

Pulich et al,,
1974

Winters et al.,
1976



SUMMARY OF TOXICITY OF FUEL OILS AND LUBRICATING OILS
IN ALGAE, PHYTOPLANKTON, BACTERIA (CONT.)

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES
Dunaliella Suspension in 50% dilution No growth "
(green) of soluble fraction of

10.1% New Jersey fuel oil
mixed with water

Chlorella Suspension in 50% dilution No.growth
% (green) of soluble fraction of

10.19% New Jersey fuel oil

mixed with water

Mixed culture of Kerosene emulsion Motility adversely Chet and Mitchell

motile marine 25 ug/lin seawater affected 1976

Bacteria
| " Kerosene emulsion 3 1ig/l .Blockage of chemical- "

in seawater ly ~ mediated attrac-
tion to organic matter -
J in water
i
Appendix F
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APPENDIX G

Summary of Toxicity of Fuel Oils and Lubricating Oils in Waterfowl
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APPENDIX G

SUMMARY OF TOXICITY OF FUEL OILS AND LUBRICATING OILS IN WATERFOWL

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*
Waterfowl Field studies in fuel oil- Inability to fly; Hunt and Ewing,
polluted environments preening to the ex- 1953
clusion of feeding;
loss of buoyancy and
drowning; loss of in-
sulation against cold.
Waterfow! Field studies in diesel- Oil swallowing caused Chia, 1971
fuel polluted area burns, pneumonia, in-
ternal hemorrhages,
comatose behavior
l-year-old Intragastric adminjstration LDsp; weakness, Tucker and

Mallard _ducks

Pekin and
Mallard ducks

Ducks

Ducks

of gelatin capsules con-
taining >20 mg/kg b.w. of
diesel fuel

Intragastric administration
of 4 ml/kg b.w. of diesel
fuel under stress condi-
tiorbs of crowding and 0 to
~-107C.

Intragastric administration
of 24 ml/kg b.w. of diesel
fuel

Intragastric administration
of 20 ml/kg b.w. of lubri-
cating oil

diarrhea, regurgita-
tion.

LDsq

No mortalities

No mortalities

Crabtree, 1970

Hartung and Hunt
1966

*References are taken from Liss-Suter, Deborah. A Literature Review-Problem Definition Studies on
Selected Toxic Chemicals, Volume 8 of 8.

LD?0 _ median lethal dose

B.w. ~ body weight
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SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN WATERFOWL (CONT.)

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*
Quail Oral administration of Egg production halted Grau, 1977

Mallard and
Pekin ducks

Ducks -

Appendix G

capsules containing 3.5
mg/kg b.w. of No. 2 fuel
oil

Intragastric administra-
tion of 1-3 ml/kg b.w. of
fuel oil or lubricating

oil

Intragastric administration
of 3-12 ml/kg b.w. of
diesel fuel

132

for 6-8 days; egg
yolk deposition ab-
normalities

Oil preumonia, diar-
rhea, anemia, occult
blood in intestines,
tox:c nephrosis

Liver fuaction alter-
ations, reduced pan-
creatic zymogen, toxic
nephrosis, lipid
pneumonia, diarrhea,
occult blood in intes~
tines, anemia

Hartung and Hunt
1966

Hartung and Hunt
1966
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Summary of Toxicity of Fuel Oils and Lubricating Oils in Aquatic Life
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APPENDIX H

SUMMARY OF TOXICITY OF FUEL OILS AND LUCRICATING OILS IN FISH

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*
Bluegill sunfish Exposure to 3000 mg/1 24-hr LCgq Turnbull et al.,
kerosene added to water 1954
Banded killifish Exposure to 28.5 mg/1 No. 24-hr TL Rehwoldt et al.,
2 fuel oil added to water 1974
" Exposure to 26.1 mg/l No. 96-hr TL "
2 fuel oil added to water
Striped bass Exposure to 30.6 mg/l No. 28-hr TL, »
2 fuel oil added to water
" Exposure to 22.2 mg/1 No. 96-hr TL "
2 {uel oil added to water ]
Pumpkinseed Exposure to 42.6 mg/1 No. 28-hr TL, “
2 fuel oil added to water
" Exposure to 39.2 mg/l No. 96-he TL ) "
2 fuel oil added to water
White perch Exposure to 41.6 mg/l No. 28-hr TL "
2 {uel oll added to water
" Exposure to 37.2 mg/1 No. 96-hr TL "
2 fuel oil added to water
American eel Exposure to 28.0 mg/l No. 20-he TL,, "
2 fuel oil added to water
" Exposure to 31.0 mg/1 No. 96-hr TL "
2 fuel oil added to water
Carp Exposure to 32.5 mg/l No. 20-hr TL "
) 2 fuel oil added to water
" Exposure to 49.1 mg/1 No. "

2 fuel oil added to water

96-hr 'l‘l..m

*References are taken from Liss-Suter, Deborah. A Literature Review-Problem Definition Studies on
Selected Toxic Chemicals, Volume 8 of 8. *

LC5° - median lethal concentration
TL - median tolerance limit

Appendix H
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SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN FISH (CONT.)

SPECIES

EXPERIMENTAL
PROTOCOL

RESULTS

REFERENCES*

Juvenile
American Shad
"

Mummichog

Sheephead
Minnow

Channel catfish
Bluegill sunfisn

Mummichog

Sheephead
Minnow
Channe} Catfish

Bluegill Sunfish

Appendix H

Exposure to 204 mg/! diesel

" fuel added to water

Exposure to 167 mg/1
diesel fuel added to water

Exposure to 200 mg/1
kerosene added to water
Exposure to 200 mg/1 No. 2
fuel oil added 1o water

Exposure to undiluted
soluble fraction of 10%

© mixture of No. 2 fuel oil

in water

Exposure to same

Exposure to same
Exposure to same

Exposure to 48 vol % dilu-
tion of soiuble fraction

of 10% mixture of No. 2
fuel oil in water pre-
viously UV irradiated for
72hr

Exposure to 46 vol % of
same

Exposure to 75 vol % of
same

Exposure to 30 vol % of
same

24-hr TLm; loss of
equilibrium, and other
central nervous system

- disturbances preceeded

death
24-hr TL
24-hr TL

No mortalities in 96
hr

No mortalities in 96
hr

10% mortality in 96 hr
20% mortality in 96 hr
96-hr LCsy

96-hr LCs,
96-hr LC3p

96-hr LCs,

136

Tagatz, 1961

Boylan and Tripp
1971
"

Scheier and
Cominger, 1976
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SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN FISH (CONT.)

SPECIES

EXPERIMENTAL
PROTOCOL

RESULTS

REFERENCES*

Sheephead
Minnow

Silverside

Sheephead
Minnow

Sheephead
Minnow

Silverside

Appendix H

Exposure to dispersion of
250 mg/l No. 2 fuel oil
added to water

Exposure to dispersion of
93 mg/l No. 2 fuel oil
added to water

Exposure to dispersion of
260 mg/1 No. 2 fuel oil
added to water

Exposure to dispersion of
125 mg/1 No. 2 fuel oil
added to water

Exposure to >6.9 mg/l1 No.
2 fuel oil dissolved in
water

Exposure to 6.3 mg/l No.
2 fuel oil dissolved in
water

Exposure to 5.7 mg/l No.
2 fuel oil dissolved in
water

Exposure to 3.9 mg/1 No.
2 fuel oil dissolved in
vater

24-hr TLm

96-hr TL

24-he Tl

48-hr TL

24-hr TL,,
96-hr TL,

24-hr TLm

96-hr TLm

137

Anderson et al.,
1974

"

Anderson et al.,
1974



SUMMARY OF TOXICITY OF FUEL OILS
AND LUBRICATING OILS IN WORMS

EXPERIMENTAL
SPECIES PROTOCAOL RESULTS REFERENCES*
Soil Nematodes No. 2 fuel oil applied to Nemacidal after 6 and Raymond et al., .

Marine annelids
Neanthes arena-
ceodentata

Capitella
capitata

Neanthes arena-
ceodentata:
4-segment
juveniles

18-segment
juveniles

32-segment
juveniles

"

1.7 x 3.0 m plots of soil;

application rate 2.5 kg/ m?

Exposure to >8.7 mg/l No.
2 fuel oil dissolved in
water

Exposure to 3.2 mg/l No.
2 fuel oil dissolved in
water

Exposure to 2.7 mg/l No,
2 fuel oil dissolved in
water

Exposure to >8.7 mg/l No.
2 fuel oil dissolved in
water

Exposure to 3.5 mg/l No. 2
fuel oil dissolved in water
Exposure to 2.3 mg/i No. 2
fuel oil dissolved in water

Exposure to > 8.7 mg/l No.
2 fuel oil dissolved in
water

Exposure to 8.4 mg/l No. 2
fuel oil dissolved in water

Exposure tc > 8.7 mg/1 No.
2 fuel oil dissolved in
water

Exposure to 5.7 mg/l No. 2
fuel oil dissolved in water

Exposure to > 8.7 mg/l No.
2 fuel oil dissolved in
water

Exposure to 5.4 mg/l No. 2
fuel oil dissolved in water

—fLm - median tolerance limit

Appendix H

12 months

24-hr TL
48-hr TL

96-hr TL m

2-he Tl

48-hr TLm
96-hr TL .

24-hr TL
96-hr TL
24-hr TL,,
96-hr TL
24-hr TL

96-hr TL
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SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN WORMS (CONT.)

SPECIES

EXPERIMENTAL
PROTOCOL

40-segment
juveniles

"

48-segment
immature addults

60-segment
mature males

60-segment
gravid females

Appendix H

Exposure to >8.7 mg/l No.
2 fuel oil dissolved in
water

Exposure to 2.7 mg/l No. 2
fuel oil dissolved in water

Exposure to >8.7 mg/l No.
2 fuel oil dissolved in
water ‘
Exposure to 2.7 mg/l No. 2
fuel oil dissolved in water

Exposure to >8.7 mg/l No.
2 fuel oil dissolved in
water

Exposure to 2.6 mg/l No. 2
fuel oil dissolved in water

Exposure to >8.7 mg/l No.
2 fuel oil dissolved in
water

Exposure to 4.2 mg/1 No. 2
fuel oil dissolved in water

RESULTS REFERENCES*
24-hr TL Rossi and
Anderson, 1976

96-hr TL "

26-‘-1';1' TL,, "

96-hr TL "

24-hr TL "

96-hr TL "

24-hr TL "

96-hr TL "



SUMMARY OF TOXICITY OF FUEL OILS AND

LUBRICATING OILS IN MOLLUSKS

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*
Scallops Exposure to 12.5 mg/l No. 100% mortality in 24 Tarzwell, 1971
2 fuel oil in water hr
Quahaug clam Exposure to 0.43 mg/i No. 48-hr LCso Byrne and Calder,
eggs 2nd- 2 fuel oil dissolved in 1977
cleavage stage water
2-Day old Exposure to 1.3 mg/l No. 2 2-Day LCqy "
Quahaug larvae fuel oil dissolved in water
" Exposure to 0.53 mg/l No. 10-Day LCsy "
2 {uel oil dissolved in
water
Young adult Expasure to 305 rhgll No. 96-hr LCqp; excessive Stainken, 1976
soft shell clums 2 fuel oil in water mucus secretion;
: emulsion musculay narcotization
" Exposure to <100 mg/1 No. 7-Day LCgp; excessive "
2 fuel oil in water emul- mucus secretion;
sion muscular narcotization
Soft shell 5 months exposure to No. Male and female gonad- Barry and Yevich,
clams 2 fuel oil and jet fuel al tissue invasive 1975
polluted waters neoplasms possibly of
germ cell origin; .
metastases to gills,
genital and urinary
pores, kidney, pericard-
ium and red gland.
Soft shell Taken from oil-polluted Gill and kidney Stainken, 1976
ciams waters hyperplasia
7-hr old Larvae Exposure 10 10,000 mg/l 6-hr LCqy Renzoni, 1973

of Oysters and
Mussels

Qyster and
Mussel eggs

No. 2 fuel oil in water
dispersion

Exposure to 1,000 mg/1 No.
2 fuel oil in water dis-
persion

LC50 - median lethal concentration

Appendix H

Reduced numbers of
larvae developed



SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN MOLLUSKS (CONT.)

EXPERIMENTAL
SPECIES - PROTOCOL RESULTS REFERENCES*

Oysters Exposure to dispersion of 50% mortality in & Anderson and
0.1% or 10% No. 2 {uel oil days Anderson, 1976
added to water

Oysters Exposure to dispersion of 30% mortality in 8 Anderson and
19 No. 2 fuel oil added to days; 100% mortality Anderson, 1976
water in 18 days

Snails 60 ml of kerosene poured Slight effect on Hadley, 1977

Littorina sp. over animals crawling activity and

Nassarius
obsoletus

Appendix H

Exposure to 1 to 4 ug/l of
kerosene dissolved in
water
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attachment rates

Interference with
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SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN MARINE CRUSTACEANS

SPECIES

EXPERIMENTAL
PROTOCOL

RESULTS

REFERENCES*

Grass shrimp

Mysid

Brown shrimp
Postlarvae

Grass shrimp

Mysid

Brown shrimp
postlarvae
"

Grass shrimp

n

Exposure to dispersion of
3.8 mg/l No. 2 fuel oil
added to water

Exposure to dispersion of
3.0 mg/1 No. 2 fuel oil
added to water

Exposure to dispersion of
1.6 mg/1 No. 2 fuel oil
added to water

Exposure to dispersion of
1.3 mg/I No. 2 fuel oil
added to water

Exposure to dispersion of
9.5 mg/1 No. 2 fuel oil
added to water

Exposure to 4.4 mg/l No. 2
fuel oil dissolved in water
Exposure to 3.5 mg/l No. 2
fuel oil dissolved in water

Exposure to 2.6 mg/l No. 2
fuel oll dissolved in water
Exposure to 0.9 mg/1 No. 2
fuel oil dissolved in water

Exposure to 5.0 mg/l No. 2
fuel oil dissolved in water
Exposure to 4.9 mg/1 No. 2
fuel oil dissolved in water

Exposure to undiluted sol-
uble fraction of 10%
mixtures of No. 2 fuel oil
in water

Exposure to 34.4 vol % di-
luticn of soluble fraction
of 10% mixture of No. 2
fuel oil in water pre-
viously UV irradiated for
72 hr.

24-hr TL,,

96-hr TL .

26-he TL,

48-hr TL,
20-hr and 96-hr TL
20-he TL,,

96-hr TL

20-he TL
M-he TL,

20-he TL
96-he TL,,

96-hr LCsp

LCsq - median lethal concentration; TL , - median tolerance limit

Appendix H
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SUMMARY OF TOXICITY OF FUEL OILS AND LUBRICATING
OILS IN MARINE CRUSTACEANS (CONT.)

EXPERIMENTAL ]
SPECIES PROTOCOL RESULTS REFERENCES*
Grass shrimp Exposur~ to water under 6- 50-min TL Scheier and
day-old Jo. 2 fuel oil Gominger, 1976

"

Coon stripe
shrimp

"

Amphipod
Gammarus
oceanijcus Adults

4-6 day old
juveniles

Adults

Amphipod
Boeckosimus
affinis

"

Appendix H

slick prepared from | part
oil and 360 parts water and
UV irradiated for 5 days

Exposure to same, but not 100% survival after "
irradiated during prepara- 96 hr

tion

Exposure to 0.8 mg/I of 96-hr LCsy Vanderhorst et
No. 2 fuel oil dissolved al., 1976

in water

Exposure to 1.3 mg/! of 72-hr LCq "

No. 2 fuel oil dissolved

in water

Exposure to dispersion of 48-hr LCsq Linden, 1976
173 ul/1 of No. | fuel oil

in water

Exposure to dispersion of 43-hr LCsq "

0.3 ul/l of No. | fuel oil

in water

Exposure to solution of 5 100% mortality in 50 "

ul/i of No. 1 fuel oil in days; impaired swim-

water ming; loss of photo-

phobia; reduced sexual
activity; reduced
numbers of offspring

Expostire to 1.0 mi/] of 24-hr LCs Atlas, 1975
diesel fuel oil slick on

water

Exposure to 0.8 mi/l of 72-hr LC5q ' "
paraffinic fuel oil slick

on water

Exposure to 0.4 ml/] of 16-day LCs, "
aromatic fuel oil slick on T
water
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OILS IN MARINE CRUSTACEANS (CONT.)

SUMMARY OF TOXICITY OF FUEL OILS AND LUBRICATING

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*
Copepod Exposure to 1.0 ml/| of 100% mortality in 72 Barnett and
Tigropus diesel fuel dispersed in hr Kontogiannis,
californicus water 1975
Copepod Exposure to 0.50 ml/l1 of 100% mortality in 96 Barnett and
Tigropus diesel fuel dispersed in hr Kontogiannis,
californicus water 1975
" Exposure to <0.10 ml/1 (87 Reduced survival "
mg/1) of diesel fuel in critical concentration
water
" Exposure to 1.0 mi/l of 85% mortality in 8 "
kerosene mixed with water days
" Exposure to <0.10 m!/1(83 Reduced survival "
mg/1) of kerosene in water critical concentration
Cyclopoid Exposure to 50% dilution of 20% survival in 72 hr Lee and Nichol,

Copepod Nauplii

Calanoid Copepod
Nauplii

Appendix H

soluble fraction of 10.1%
mixture of Nn. 2 fuel oil
in water

Exposure to 50% dilution of
soluble fraction of 10.1%
mixture of No. 2 fuel oil

in water
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SUMMARY OF TOXICITY OF FUEL AND
LUBRICATING OILS IN ECHINODERMS AND CORALS

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*
Sand dollar eggs Exposure to 20% dilution of Abnormal fertilization, Nicol et al., 1977
soluble fraction of 10.1% abnormal cleavage, re-
mixture of No. 2 fuel oil duced number of living
in water ' larvae, deformed larvae.
Sand dollar eggs Exposure to 50% dilution of No larvae developed Reimer, 1975
and sperm soluble fraction of 10.1% from eggs; sperm 100%
mixture of No. 2 fuel oil infertile after 30 min.
in water exposure
Coral Submerged for 1 minute in Loss of almost all "
Pociliopora sp. diesel fuel living tissue in 13
days
" Diesel fuel poured over 70% death of polyps in "
coral to cover for 30 min. 17 days
Pocillopora, 1-4 ml of diesel fuel added Sustained mouth- "
Pavona, Porites to water with organisms opening response to
Psammocora food; no ingestion re-

sponse in 50% of orga-
nisms; delayed feeding
for 17 days after expo-
sure

Appendix H
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APPENDIX |

Isopleth Contours of the XM16
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APPENDIX I
[sopleth Contours of the XM16

The following is the isopleth plot of 85dB-A contours for XM16 smoke generator.
The maximum running speed of the J60-P-6 engine on the XMlé as stated by the
Brunswick Corp. is 16,400 RPM. Three engine speeds are plotted, the usual running
speed, 51% RPM, is outlined and labeled. The engine orientation may have been
different for each engine speed. For the 51% contour the engine intake was toward 180°
and exhaust end toward 0°. The truck driver cab always pointed toward 90°.

Appendix |
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China Lake, CA 93555

Commanding Officer
Naval Weapons Support Center
Applied Sciences Department

ATTN: Code 50C, Bldg 199
ATIN: Code 502 (Carl Lohkamp)
ATIN: Code 5063 (R. Farren)

Crane, IN 47522

US MARINE OORPS

Commanding General

Marine Corps Development and
Education Command

ATTN: Fire Power Division, D091

Quantico, VA 22134

DEPARTMENT OF THE AIR FORCE

Department of the Air Force

Headquarters Foreign Technology Division

ATTN: TQTR
Wright-Patterson AFB, OH 45433

Code 2012 (Dr. Robert Helmbold)
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AFAMRL /TS
ATTN: OOL Johnson
Wright-Patterson AFB, OH 45433

AFWAL/FIEEC (Wendell Banks)
Wright-Patterson AFB, OH 45433

HQ AFSC/SDZ
ATTR: CPT D. Riediger
Andrews AFB, M 20334

USREDCOM
ATTN: RCJ3-0S (MAJ lolt)
MacDill AFB, FL 33603

USAF TAWC/THL
Eglin AFB, FL 32542

USAF SC
ATTN: AD/YQ (Dr. A. Vasiloff)
s AD/YQD (MAJ Owens)

AD/XRO
Eglin AFB, FL 32542

Commander

Hanscom Air Force Base

ATIN: AFGL/LYC (Dr. Barnes)

ATTH: AFGL/POA (Dr. Prederick Volz)
Bedford, MA 01731

Headquarters .
Tactical Air Command

ATIN: IRP
Langley AFB, VA 23665

APOSK/NRE
ATTN: MAJ H. Winsor
Bolling AFB, DC 20332

OUTSIDE AGENCIES

OSV Field Office
P.0. Box 1925
Eglin AFB, FL 32542

Battelle, Columbus Laboratories
ATTIN: TACTEC

505 King Avenue

Columbus, 08 43201




Toxicology Information Center, JH 652
National Research Council

2101 Constitution Ave., W
Washington, DC 20418

Los Alamos National Laboratory
ATIN: T-DOT, MS B279 (S. Gerstl)
Los Alamos, W 87545

Institute for Defense Analysis
1801 N. Beauregard Street
Alexandria, VA 22311

ADDITIONAL ADDRESSEES

Cffice of Missile Electronic Warfare
ATTN: DELEW-M-T-AC (Ms Arthur)
White Sands Missile Range, WM 88002

USA Mobility Equipment Research and
Development Center

ATTN: DROME-RT (Mr. O. F. Kezer)

Yort Belvoir, VA 22060

Director

US Night Vision and EO Laboratories
ATTN: DRSEL-NV-VI (Dr. R. G. Buser)
ATTN: DRSEL-NV-VI (Mr. R. Bergemenn)
ATTN: DELNV-VI (Luanne Obert)

Fort Belvoir, VA 23651

Coumandant:

Academy of Health Sciences, US Army
ATTN: HSHA-SSI

Fort Sam Houston, TX 78234

Science Applications Inc.

ATTN: Dr. Frederick G. Gebhardt
3 Preston Court

Bedford, MA 01730

Science Applications Inc.
ATIN: Mr. Robert E. Turmer
1010 Woodman Drive, Suite 200
Dayton, GH 45432

Creative Optics
25 Washington St
Bedfora, MA 01730
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McDonnell Douglas Astro Co
ATTN: John Adams (A-3-210,11-1)
5301 Bolsa Ave

Huntington Beach, CA 92647

BMD Program Gffice

ATTN: Dick McAtee, Rm. 7Sl4
5001 Eisenhower Ave
Alexandria, VA 22333

Dr. W. Michsel Farmer, Assoc Prof, Physics
University of Temnessee Space Institute

Tullshoma, TN 37388

Commander

Tooelle AD

ATIN: STSTE-AE (Dr. J.L. Bishop)
Tooele, UT 84074

ARNG

Operating Activity Center
ATIN: NGB-ARI-E/Bldg E6810
Aberdeen Proving Ground, M 21010

Commander

USA Eunvironmental Hygiene Agency
ATIN: Librarian, Bldg 2100
Aberdeen Proving Ground, M 21010



