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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 been approved for release to the public.
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FOG OILS, DIESEL FUELS, AND POLYETHYLENE GLYCOL (PEG 200)

I. 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.

rhe 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.

II. 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.
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mechanism. At that time the MI and M2 smoke generators as well as smoke 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 If.

B. Description of Dissemination Modes.

There are various modes of disseminating an oil smoke/obscurant. The
primary technique used for dispensing an oil srmoke 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, XM16, and XM152) 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-M7AI) provide small area screens and supplement other
smoke sources by filling holes in screens and helping to rapidly establish 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-M7AI, 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 velocitie:, 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 havy! been
considered harmless to exposed 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. I and SGF No. 2. SGF No. I 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 -150 and 40 0 F. Below -15 0 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. It has
been used principally to compare its smoke quality and its persistency relative to fog oil
and diesel 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 srrnoke/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 fror 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. I and SGF No. 2. The property requiremer ts for both SGF No. I
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 oil 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, ?r 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 treatipg 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. I. Distillation range, specific gravity, viscosity and pour
point are very important in determining hydrocarbon composition. Of these, 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 value is not
usually attained in products within this boiling rangf). SGF No. I is broadly defined, and
therefore, wide variation in composition is possible.

SGF No. I corresponds in distillation range to other middle
distillate fuels, such as diesel fuel and fuel oils No. I 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. I is
almost pure hydrocarbon since it contains no additives. SGF No. I 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 "100 pale oil" because it has a viscosity of 100 Saybolt Universal units
(SSU) at 100 0 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 viriation,
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 ml of benzo(a)pyrene in fresh motor oil. However, the presence of additives
in commerrial 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 sirpilar viscosities. These
oils generally have a boiling range of 300-8000 C. The hydrocarbons constituting these
oils generally contain 20-50 carbon atoms. Based upon viscosity, SGF 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. Thbse aromatic
hydrocarbons may be extracted by various solvents. The remaining oil is enriched in
branched paraffins and cycloparaff ins.

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. 1
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2. Diesel Fuel Properties.

Diesel fuel is a very complex mixture of hydrocarbons containing small
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 aromptic 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.

(a) 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 diesel fuel oil. DF-I 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 0 C may occur. This grade of diesel fuel may be used
fo' medium-speed stationary engine applications where fuel heating faciities are not
available.

(c) Regular-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 2 CH2 )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 liquid. 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; und 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 general 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. 1, DF-A, DF-I, and
OF-Referee Grade is included in the CHRIS data sheets found in appendix B3 along with
the previously referenced military requirements specifications.

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

The effects 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 cloud
cover. Refer to appendix C for further details.

E. Dissemination Models.

A computer analysis of downwind airborne concentrations of screening
aerosols emitted by the XMI6, .•EDSS, 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 speiific gravity
- will not settle beyond a 20-meter arc about the jet engine, but will remain airborne
until evaporation (conversation with R. 0. Pennsyle, Sytems Development Division, April
1982). This important 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 XMI6, JEDSS, disperses the greatest volume
of oil smoke screening material by vaporization, modeling of the XM52 smoke generator

17
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Table 2. Significant Physical and Chemical Properties ot the Three
Primary Current US Smoke-Producing Liquids.

LIQUID POLYETHYLENE
PHYSICAL FOG OIL DIESEL FUEL GLYCOL 200

PROPERTY (SGF-2) (DF-2) (PEG-200)

Density @ 600F,gm/cm 3  0.920 0.850 1.127
Density @ 60 0 F, deg, 22.4 35.5 NA

API

Mean Vapor Pressure
S 25uC, mmHg 1.6 x 10-i 2.5 x 2.9 x

Viscosity, (centistokes)
@32UF 300.0 8.3 230.0
@60 0 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, OF 700.0 510.0 590.0

End Point Distilla-
tion Temp, OF R70.0 650.0 770.0

Mean Specific Heat of
Liquid, from 70°F

to Mean B. Pt.,
BTU/Ib OF 0.58 0.55 0.72

Heat of Vaporization
@ Mean B. Pt.,
BTU/lb 92.0 104.0 160.0

Mean Molecular
Weight, lb/lb-mole 300.0 205.0 201.0

Heat Required to
Vaporize
BTU/gal()' 3,565.0 2,515.0 5,135.0

*From a liquid initially at 70°F to a vapor having a superheat at 20 0 F. (The comparable
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 calculations of
downwind exposures following any operation cycle (e.g., simply multiply baseline
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 averae) for healthy adult
humans exposed to oil aerosols in an e.closed building is 5 mg/rn 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.

Ill. 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 appro'imately 400 hazardous chemical wastes and 85
process wastes. If 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 3uly 80).

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 Vg/m 3 annual geometric mean.
(B) 260 ljg/m3 - maximum 24-hour concentration
not to exceed more than once per year.

Ozone 0.12 parts per million (235 v'g/m 3 ). 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 hjg/mr) is equal to
or less than I

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 chat 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, Compensationl and Liability Act of 1t80
(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 qudlity 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 approximately 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 release 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
be transported or shipped. Modes of transportation covered by the regulation are as
follows:
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(a) Surface and Air Carriers. Regulations of the DOT govet ning 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 38-2-50 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 UN 1201 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 exposure of hurnans 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 11 reportedly revealed no indications
that smoke generator unit personnel, or military operating in constant smoke screens for
long periods experienced any illness,1 carcinogenic, or mutagenic effects related to
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 E. 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/exlhýst cloud appear to be in the diesel fuel combustion gases and
not as much in the vapor.",

As stated in MIL-F-12070B, contained in Appendix B, fog oils shall not contain
additives, however, diese6 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 recomirended maximum allowable TWA
concentration of oil mist in workroom air is 5 mg/mi. Above this level, the smoke is
visible and annoying, however, lubricating oil concentrations up to 402 mg/rn 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 studies with diesel oil on rats.
They determined the oral LD 5 0 to be 16.0 ml/kg for rats. Nau. Neal and Thornton
evaluated the inhalation toxicity of C6j-C[ 2 aromatic distillates on various manmmals
and determined an acute LC 50 of 460 mglmi for rats exposed for seven hours to the
aromatic distillate. They also exposed rhesus monkeys to C _-C, aromatic distillates
for 7 hr/day, 5 days/week, for 13 weeks and observed sublethal efiects on the monkeys
such as eye and skin irritation at levels of 300 mg/m3.
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SGF No. I has been shown to be moderately toxic to r lesus monkceys.

Lushbaugh et al., conducteo inhalation toxicity studies on rhesus monkeys. The monkeys

were exposed to 63 mg/mr of SGF No. I aerosol for 30 minutes and then 30 mirnutes of

room air for 343 days. Five of the seven monkeys exposed died within !,00 days.

Wagner, Wright and Stokingerl 0 studied the inhalation toxicity of minerl oil

on several mammals and found that hamsters and rabbits exposed to 100 mg/mi of

mineral oil for 6 hours a day, 5 days a week, for 26 months exhibited no major lung tissue
respontse.

PEG 200 exhibited the lowest toxicity of the liquid smoke materials under
investigat\¶n. Sprague-Dawley rats received oral doses of 5.0 ml/kg of PEG 2200 daily for

13 weeks. No adverse effects were reported. Crook, Hott and Weimer" conducted
PEG 200 inhalation stu es on rats and mice for six hours and observed no toxic effects

at levels of 2516 mg/m . Nau et al., conducted inhalati3 n studies of C9 -C/o aromatic
distillate on rats and found an acute LC50 of 14,400 mi/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 to some species, and may be moderately phytotoxic. Leaf spotting,
premature fall of leaves, bark injuries, root injuries, stunting, re ced 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 trees, and
inhibitVl photosynthesis in banana tree leaves when sprayed at a concentration of 84
ivg/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 i g/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 growth of cultures.

C. Wildlife.

The literature available on the toxic effects of oils on wildlife have been
generated from oil spills. The data on the effects of oils on waterfowl are presentcd in
appendix G. Hartung and Hunt observed sublethal effects on ducks with intragdstric
diesel fuel doses of 3-12 ml/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.

Oil 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. rainted 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, which
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 uf the organisms. They can be passed from prey to predator, where they
may become a hazard to marine life as well as humans.13

The effects of an aerosolized oil smoke cloud on aquatic ecosystems have not
been undertaken, however, as the model illustrates deposition 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/I 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 LCs 0 of 0.43
mg/l. Jacobsen and Boylon found that 4 ipg/l of kerosene which is similar to diesel fuel,
dissolved in water interfered with the food - finding behavior of the snail (Nas5arius
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/I to the mysid shrimp.
Vanderhorst et al., estimated a 96 hr LC5 0 to coon stripe shrimp to the 0.8 mg/l.
Barnett and Kontogiannis exposed to copepod (Tigro us californicus) to diesel fuel in
water and found a 100% 96 hr mortality at 0.50 mlfl.

V. ENVIRONMENTAL IMPACTS OF FOG OIL/DIESEL FUEL/PEG 200 AS
SMOKE/OBSCURA NTS

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 ability (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 fog oils 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.
Historically, oil has been 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 Smoke
Generator and the XM 16 3et 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 Field 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 M7A1 floating smoke potl, 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 befok-e 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 limita?.ions 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 oh spllis, 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 I 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 under 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 9 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 ingestir 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. 0. Pennsyle, Systems Development Division, April 1982). Site
specific ISCP and SCC 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 required by
AR 200-1. A grid showing the 85 dB-A isopleth distance for the XMI6 in various
positions is included in appendix 1. 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 I11. Standards are extremely variable 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 (prgcipally coal-fired utilities), fuel combustion by
industrial boilers, and steel production.' 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 different hydrocarbons. Only
about 15 percent of total atmospheric hydrocarbon is prodaced 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 Ntt 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 *b 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 orReduction 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 systems. 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 PIP 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 improvement 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 environmerntally 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 'to 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) All 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 and purchased by bid from
commercial suppliers who are currently marketing these materials. Hence, no unique or
additional pollutants would be generated. These bids are funneled through the Defense
Fuel Supply Agency and purchases are made upon a supply necessity. Acceptance
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 I are
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 15 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
generator Tare moved closer together.. Generator location is changed according to wind
direc tion.

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.

I. Alternatives Considered.

(a) Train Indoors or Modify Training Requirements. Initial 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 training 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.

(1) No Action Alternative. This alternative would eliminate 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

31



77 777-7:

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 a "baseline" comparison. Regulations and training should also address the matters
of proper munition or generator use to 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.

(e) 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 49, 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 supplier 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 Plais) 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 distillates are primarily 55-gallon 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 4160.21-M-1 and AR 200-1; as amended and supplemente4 6a
and local requirements that pertain to the disposal of oils are also applied.'£
Conversely when Army tactical weapons and equipment are no longer useful or becomes
obsolete, they are demilitarized in accordance with established Departmernt 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 responsible for all demil/disposal cf 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 to qonform with current disposal standards, techniques, and other
influencing conditions. 2 '

I. Alternatives Considered.

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

A. Chemical Research and Development Center, Aberdeen Proving, Ground, MD
21010.

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-CLN-SE (A), Munitions Division
Charles E. Bradford, DRSMC-CLN-SA (A), Munitions Division
James E. Norton, DRSMC-CLN-SM (A), Munitions Division
John Dickie 111, DRSMC-CLN-D (A), Munitions Division
Ronald 0. 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
Michael Stanka, DRSMC-CLT-D (A), Environ Tech Division

B. Office of the Project Manager, Smoke/Obscurants, Aberdeen Proving Ground,
MD 21005.

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

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

Deryl Dorman, DGSC-OB3, Inventory Mgt Div 112

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

Mark [den, 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

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

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

F. 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

G. 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 Wolf ord, HQ, TRADOC, ATDO-T
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William 3. Weeks, HQ, TRADOC, ATDO-C

Sharon Wallgora, ILT, HQ, TRADOC, ATEN-FN

H. NBC Defense School, TRADOC, Fort McClellan, AL 36201.

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.

3ames Fletcter, HQ, FORSCOM, FFEN-MSE
14

KVII. CONCLUSIONS

In general, the toxicological effects and, by extension, environmental impacts
I 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 a3 cow), or protracted periods of
exposure (e.g., CAF, 3AX mice exposed to a 100 mg/mr 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 nbt 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 XMI6, 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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APPENDIX A

Principal World War II Smoke Screening Operations
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~ I OILS, FUEL: NO. I

Cehok. 6. fill H4AZARDS 1. WATRo POL~LUTION

fo"... vatroin lio.-it 53 @-sgote Ojgele Dioneed (goD):

S" bpf 
' s'. do.I bfl .. , ..te hewifect"C a4 Food Chain Cofenfrotim., Poew;,X.o -d, dklp a. 65 10801411 NHnodil ICOmbuellee41 Poodwftz on

___________ 67 lslloTemWelurmO 444-t"4 t~iO'tpV1a Not Perttinent
Es ligopsl e41. dip, tbmk.1.I f,-o. att, .. a s lblehe,* o pttooW* esftt 9 -tolto mrw 0.5 4111 01065 4mnm./mn,,W=l05.0 I'n.eli e-1h *..et 3. SlLtCTEO MANUFACTURERS

Firlt I A~lnl.tc ltohr,old

717 Fifth A-t

2. LhvlI 0.1co.CALL FOR MEDICAL AID 
H-ousto. Tex. 710D1

LIQUID 3. Su. 01C.,".1010 7. CHEMICAL REACTIVITY S,. D.týiti.. P., 19007
FW a e d e~ed d w i7lh lk s f a , .21 e S l w it alaW g ha , ishN t doio n

IFet .tforto 'W. os, '"to 0" of .M. 7, No raton*~ 6,m. eollIF It' EVEhd .h po.4Io o,9010.,,oreioIF ^ SAL OldI 'Wtm ki10 CONOCIOUS. kmto wfus0 drintsi, 1.. 3 5ie06"~Duel.,Ttepeol Stu.tl
Epsug DO NOT INDLICE VOMITING.4 N-Mr Agents~ 4 be65 Aelads &WExposureCased.. Not polignifte

7.1 Polio Itgelaele Not I~itn
7.0 A~~ of161g htalpmblernsil Nol PC011 intt 10- SHIPPING INFORMATION

101 GosiNo,~alf" ihthdocto

10.2 $-,I Og*mpstUM Anolotie
10.3 A~~ £I-pW.o 'oI~~oht

to qul ainNo10.4 vael~ OPb t 0pnfm,,.treu,,riWater ft"4
May Ou begs.v If if "w",m. hobo,..Plui notI"M blolit -- d1.0 .ddfio offk-Wk,

1.- RESPONSE TO DISCHARGE Z ABL 11. HAZARD ASSESSMENT CODE 13. PHYSICAL ANID CHEMICAL PROPERTIES
Shouldoou h ot,i,..tta No hodr.loq~ 0 5  A-T.U 13.2 '1" 'WleW-a.0Ni roisoo%ho -- d it 0158cod, of P~o~ e oguttiok 13.3 Do" pow adell I s00 3#00 fCllniset nd li,*oo wotmot 193- 2931C - am 50. ShK

13.4 Prosing POJ,.4 -45. t- 55- F
12. HAZARD CLASSIFICATIONS " -4 3t. -4*C . 230to2235K3. CHEMICAL DESIGNATIONS 4. OSSEVAIILc CHAACEISTICS 121Caftelit(N. Liftugid n 13,5 Culcepo~w o, Tw toouple Nottlnn

3 1 S hepe,. J P " 4 .1 P h w m t w ( S 4 ~ ) L tj., 12.2 * A S M se d aw d m pl~ n l ft W O W t3 .7 O p e g uah ; l, 0.0 O. 
1
e1 lkeroom42 iwoeok,1 qV .. TIinlO9O0054l"llg. .114004111

3
1

00o2 Commit Codotos Cow91 2t"oo.,01111 iL1 3 2".
32 0810..' Cmuel4gm WN." F- -0.023 0.032N/o,.tut20cj.Min Asnenoqo bledrocsolon ixue Noelth 139Lqukd-Wale:flso7 e eoo

334 OAChe/lUlPnf ul. %ntis dftnupsl V're I ... ent I 4. 
4
9d . )CM,- 0017 03049%,,toLiQ.id ot Siild Irriiefl 1 #1 20*C3d MC~sjin Nll.. ulellalP.io..o 

1 1310 Vs9. (aft) Softiie 11.Itr.nl
W4e1g, Polluio Not pertinenIluoen .ioiit 1 13.71 ma0190.g specifc wnoel 0 Vopo (oen):S. HEALTH HAZARDS A4uaiiu T,-iuii N .~ piNoni"

52 itymph'p~""nelIo4.ES.,W" INGESTIO10% ototlo~~~~oooInd~ Olhtlen, ch lo 0 I31 Ine efCnl.t65! M IC.54t xlip I L
P~lio~t tento~eio..doy, lnhl-i.., Iepo ASPIRATIO dlmuo. -souodl Waf-t .. 1. 10-300 "1"~ - -4)31 240X Iip j 1

53 Treol t-ell..gewe.. INGESTION do toOT lavluof Intsduct uohl,1oel Cimegoa Ceelaimlmaeilui '3.7 IS e..ltln toot rlN.APIOAIION. Mofwotbed tot dnittt lOn ol wtolnl "~,o.t ih1101 FIfel,.lti
1 1,(Blue1 2 314

95 Tomkellpbpingesu~m (Wde .LtS.I %gk
67 oLt'e voolsloDe nol aotetI 'mT
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S L OIS MICLANO S LUBRICATING

6, FINE HAZARDS 8. WATER POLLUTION
Of bw ol.4mflb O sa 4 nhP IN~ Moo) 001C J tl of SI Aqmmft I'lasilellp De.i.oeadteI ~~62 Plamtewiabelmle thatenAir.tm m14soo owiete P2 Wetobedrt*M ONNr teeoa.~~

I '~~~~~~~~63 fkt. retgtalstideeg *5.WLe lhchitnrol. a 3 SeelMDy.Dmn

I ~ ~ ~ ~ ~ ~ ~ ~ 6 ___________________________ a . III megle Assets Neot to.b Used. 64 Feod Chain cofeentsration Pwls"Nlal:
livatl "log oofn mabwo cii ".e 1e1h T None

65Spowila Moion" of Cseytbgll"~ Predcta:i

Malst, Isand alt *swiamli et.. Neelefor nleorite. olir

61 15411..twmpersollar: N6P7W10F

tss9.-, b esttenlno -69 oststnal: 4nen-nýf 9. SELECTED MANIUFACTURERS
0estoin.d "ietultseM fth mton I Shter 0.1lC.

Fires lshtellplezs

2 Stsdrd Oil o Ilind,sns
91(1 S. Mewteeps All

CALL FOR IIIIDICAL AID. 3 Son 0.1C.
1.311" 7. CHEMICAL REAC7IVITY St D-d,.d P. 1 YON7

ems7 1 i meeisa mItyA WSWe. NoiCoicI t.

Seem,,6 a"~ms~m *.iesmdaem. 7.2 111.0th57ill ewit Cofemmels meelift:
Phis ofeal~tle -om nith plowy tt iwaormq. Se~

SI EYS, al M" ed ".. p6ty of aok.
IF SN6ALLWWYED med itWtai nt CON9CIOSIS tion n dotI "on m, 7.3 stebloll DWaI" Toamust %I.(el'
DOo flow igoDua vcurmncG 7 4 M& W AsigAsents in. Amodk NWe

Exposurs &oe olTon.
I' B Peynelongoellee Still perinvoei

o.f.A61W6 Pollymeelow-tolet Sot rn 11. SHIPPING INFORMATION
10 I ut.soAtiyrVriu AC"I.t

10.2 Sloersg.elamnpos~ron AnI'eoe
10.3 lImeriAlffianphown Noreoutiemenosn

104 Vsemg N gctleeeeeee

Water B wfmte WAsem9555.ewilaftoksrwe

nationalIstifY 
OPBtea Ofll ONd il4459.i stAokn

L. RESPOE TO 911SCHARGE 2. LIELS It. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
.meemssae~aeameao~evso.I ioenttotcaeeoo~eaooeaacma.oe1 13.1 PttYW"Bl tae at 16C sWWdI aim: L,4vrd

Idnbesaw.cicose inemnt lioti herdl.Pel ,qii-d dto A.T-IU 13.2 USlveltdscWSetot * tnn
Sh~old 6.eemio'ed Codfe of Foedteot Riopv.W.o- 13.3 Be"W POINT allelMWs Ver) high
Cloo.cat rod phy-Io -t-otmll 13.4 Fifed.. Point Not poelnenl

1 3 . B C e l @ W ea l e p e aw al c N o .r ie tm n e n l
___________________________12. HAZARD CLASSIFICATIONS (36 Cel~t"a Plesetne NW. Wlitnene

(2.1 code ofd Platfuorm leor"te 13.7 Specific Drefltor (at. )0.9W at 20"0(iqoild)
3. CHEMICAL DESIGNATIONS C. MINS ABLE 11HARACTERISTICS Nedolwed1 13A Umil"GovietsmTenwsioa:

3.1 Syms.PMa Ce.ehcoss.1 4' gisldmamel hipppdlc (-N.tvd 12.2 MAO Mseard Rting. for BlkWater 31, ll5dsro,/cn
ft4OtO. 4 2 C~le. St,11. o.cocn Ttowotapaeliat Not 1.ried * 0036-003751,1/em1e204.

I2 C5O ........e toCelof e 4 3 Odie Chsewetvn. 12.3 MNFFAN.Uswd CbtWeaIIWo 13.9 Lial-awrW~t"Tnie

33 Ch~ Formation Sol pot-wirv Ilelil, 11 ....d (81.,) (3(0 Voeer(ONs) Sp ctlcO- ersto
Hmetlike ((dl I Sle lteioertl en

340 tMC0lu~ led" lee ittmbil eIt"u,.0INs l' eial 1,311 IlltionSpct~t tteila"0tal f Vcpee(Om
Oeslgnlwft )3/12X(r Not Moeen

13.12 LaIlotlMost ofVaeuetltiono
Not erl.Ifrl

S. HEALTH HAZARDS e -o .Oolp -. 142990it 'he'

62 sptttpsaeaePalteeeg Speest 1%(,tsllO INieMneil psnwileooeinminl low~ Ifildl sion. locce4eed 13 145ila of led0I0dnowpNitil ?,,-Aft

(eooqlen t0 h-bo $w ..nets ASoc5iPIR(ATIO(N pelnio00n.-rllseo- ~oefs.1.3 5Me sof.4kloit mm -
.1-1 oml -o y nebilceet eteos .bet W-41e1 k-oor lat, C% oonee 13.16 Meet of t~tt~~e. Nmo- ioiln,

63 TpahmbeeISNspopeste 1%(eISIION do NOTI ...ep joremmil e-ititee ASPIRAlTION
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ODS OILS: DIESEL

a-6. FIRE HAZARDS 8. WATER POtLUIION
W.210 a* listeda Vabin... Lowar toootgoia" Of P.b PO*IntI DIWI0F C C. I61 Am~w TOinlll

Pue.2 2-D) 1251f 4:C 201 mt/I /24lie/ItinedtoAeraionlm gludJ

62 WIM PloaiLhn bk Air. I ) 60-1i 1 T1 ./,.fot air,

Flo so w1.in FsIilmghda"a Agoom Ds.ý 62 wNSuISUETominlipi>Io9
chuiowol. to.4,,. of C"Imcon 4,,,ol, /LDIO'Uf&d

04 P16 uIrce gdn AWM IM tgoo be UsS* 943 U6SWOB Own" DO6- 11100)

CoB fow Ottt Wre, IrlJ) herrw. ,OittttIibt 1 .1. OtJ.I. II
A.doonowl aith hyd68~WMwsa gnutn d~g 4 PSed Chemn coane"ji Peolo"":

N~hk0atce= o t- a-Not pelrtnent '1

Combustble 12.D)490-545*1

ar eu!bwobýds-oro.o.e~dnd 6,0 9' Heiahs"u Nor pe.nnor 9. SELECTED MANUFACTURERS
Cod.pdoouim~th~too6.9 seatngit l no .01/ ~ 1 [ooco

Fire IHooo. To- 77001
2 10.11, Oi Co

I Shell PI...
H-ooto. Too. 77001

- ~~~~~~ 3______________________ . Sii ,1 Co.

CALL FOR MEDICAL AID. St Davi,d. Pa. 19067

uaoUl 7. CHEMICAL REACTIVITY
ada ad~.7.1 Mesa" MyIWsftr No reaction

Ro.., omniom heotih am ateon. 7.2 RA - IIty all Ceommen 1119ornlasts
F%0.b afetfoole - .1th Vessel eater. No icamot.
IF IN EY E. beli o,.td aps mod fleh aft piney of mto..
IF SWOALLOWED anid olehino im CONSCIOUS, 10,0.irme, driok este, 7.3 111a-mIy Deiwiine Temptat Stable

.O~ IaEV0~l 7.4 Nomeisabidng Agemb O Ate Sads and
Expoeure CAOalN: Not pficernl

7.5 Pelymeseulseeln Not fiefirmem
7.6 1t~bus of Polymalzamisn: Not p01101001 10. SHIPPING INFORMATION

10.1 GeadmwPuetr. D~oevelfcet D
(ASTM);Dokol Fool SD IAlTMl

10.2 Sl~oagslsunwdwins Arobhioo

10.3 Imorl Abnapse Noieqonootom

_____________________________________________10.4 V~tig 1 pe Ci .. 0orottiontiew rt

Water F= . om* A -Ow inha

Pollution m.omelf sued hoglh -Ad aidm officils,

1. RESPONSE TO DISCHARGE 2. LABELS 11. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES

Meoaocjoooa~~wotNoha.-dtIhIncqu~rrodh) A.T.U 13.2 saldeW ~INOW N.o p0111001

Should be 00irnted Cod. F Fodorit Itre~at.Iomi 13.3 Do"n POW at oI Stan: W1 h411
Cherni.ol .. 4 ph,.OitIrcatmeof - 200 21c - 561 612'k

13.4 Pe.olnpein 0,.o-I0~

__________________________ ______________________12 HAZARD CLASSIFICATIONS - - Is .- )4'( - 351 219,311,

3. CHEMICAL DIESIGNATIONS 4. OKERVAKLE CHARACiTERISTICS 121 C~dorl Pemsulthqudtio 13.1 Celled TB@Kw %peto,A tolprm~i~m

3A Synstipnwe, FuolO4I f-f 4.1 lipdWsiltoWaI( psdII: Lretiol 12.2 MASMHoaedRWflalngtedW to 13.7 Specfi lo "''lfr 0.841 at Ii'C (mitaka
Fool Oil 2.0 4.2 Cobor Light for..o TrawIpslht$M Not liveod 13.0 Liefld Suclacte TonlniL

3.2 CadomsGard CownyabalC10lniAalls: 4.3 Oder. Liliglieloi 123 NFPA Has"edC aaftNNW (0,%1.25Jro/n d 02 /. 1 0

Miaeflaeoý hydrocuboa mitebrm 13.9 LkpM-Wain Inforlikat Tons":n

23 Chopemca Psenida", Not applowttle 11Ithith to.idllIial0.... 0 wo 1 I d).efoor * 005 N/n,.l2(

0 Not1 rollo o")aotteGetr
D"60mwl.n .1 1/1270 Plot mm(Y-lo

13.11 Pollofillfpoclik o~sets*#Voweetoo):
Nor 701110001

13.12 Lelent Mesl of Vaolmoriatllan:

S. HEALTH HAZARDS N0 orm".101

SI PotarooIiolPoeliet, Equipmnwn Gooutoo or (... 4,0~d 13.13 Most of Clembootinog -11,4101 Bto/lb

.1100.,, ~~~~13.14 M.a%6me~le:N,.fem11000

03 TroahnwntOWKRPGG.a0 INOILSTtON dhoNOlindwcevoromlot SKIN *.e~~oh.hop13.15 Moset of *bkin: Not p011100

Sal Trisle"tpy, P 1-111nfTlaestodLIMNl VNMOY No..ople TtVSppl-blhe
5 S fto.TeeM inksagMle LLSNDat ole .... factherl

56 Teolellyby' 8oon bad (;. . L Do 0 1010 it/ler

S7 Lbqe Teolaflpi 11.o0 11 .oedohl

09 rmo mlad Si ittyo...ni hometqmttodee, e alikeoo hviewdI plo ootttpadit NOTES

0 10 Ode, hfo~.Iad Date rot go. tahle
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000~~~~ OIS UL.-

6. FIRE HAZARDS 8. WATER POLLUTION
govl~idi oil, b41 Labe*O offl i et 411 11011 nk10, Pon C, . at1 AqatwioT~lfrletyn

42 Flammaoble LimitsIn Air. 1 3" W , -t, 112 h, A rr,,-~

loan, o, lih- ,-d,soo8 Wistrarki. To citly. 2ltep tk y 1).

4.4 Fire soingulallaqAgens atto iibe Used:51o ""co~ 4 ehet,,8,~,OII.3 S1*1ino'qicall Oxygen D~emandI BCD);
~.oe = 11.a're b 6 .5 Sa i aZ~ds of Crotbustlown fladukctc D11,1. ..I.,.,l

%tniol lealt health an "&~ o'tn agem-e 66 Beina In Intra No n- None

44 S"Ilg TmprlrbIM ucd N, ,,n

sister ar be. nie offacto on fire 8. SELECTED MANUFACTURERS
Coot "Posemd cowatacns wtlhd .. a.c I Atlantic Richsfield Co.

Fir* 717 Fhhh A.e
New York.. N' Y 10022

2 Shell 0,1 Co
I I Shell Plaoa

Houston. Tc, 77001
CALL FOR MEDICAL AID. 3 Scn OR Co
LIQIJE 7. CHEMICAL REACTIVITY St, o..d,. P, 10807

ltm~lfswlewvtB.7,1 ftse~ wm wow4 ~ .~ No, ,eiics,,

Prima.cetwe Casaislod deia"o and obo.. 7.2 M~oog" ith Cow~mm.otorial.
Flesh affected smte with Plenty of w4i4e.
IF IN EYES, holidyaith open sOW tha otrit Plenty 00 water. No reactionl
IF SWALLOWED and atetim, it CONSCIOOJ. heinone de.L dnwists, 7.3 SlStdtp Duia"e Transport Slahic

Exoue DO "OT INDUCE VOMITin". 7.4 l4Not~lisi pgetnle frA"wl

7,5 Pollgomrl oIIaz Not perione'
7.6 MASONb&lof aS P.Iswiuaftoec %..I ItetlitttIn 10. SHIPPING INFORMATION

10.1 Gradelassorloeit Denoucl te D

lASTMd
10.2 St~eogoTenRWaetsar Aosh.oo
10.3 looelAbcptmeas~ Noeoqu-reeeo

Deaeas o tmokSk1.ho10.4 vatting: Oroen Ifane-,,.ost
WWte redn so ci h05 cncqaods

Hal, ben M oph a t tm. W.mm Waterbotiest.

I Netl~y op tertors,. sof~ wait el inaskw

1. A(SPONSL TO DISCHARGE 2. LAIIELS 11. "AutRo ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
r -- eo ainm.iasaa.Cassonhe rw.*in -, e..coats, 13.1 Phtys". State at 14-C end I atm: Lquj~d

P.
4
ehatcalcooa~ecetNo %,wad label reti,,ed ktý A.T-Ij 13.2 116lactalar WeiW. NorI Mf-rlnl

Should bereneo-ed Code of Fedceralt epuotwalso 13.3 ENo"n POW.8 at Iam:
Chetesclat sd ptty-Io r~mo t.hlf*llŽ3 h.h1

1 1 13.4 Preventing Feint

12. HAZRD CLASSIFICATIONS *-30*'F - -34'( - 240-K

12.1 Cedoafgoalnc13.5 Cltellc0Temperature. Noronenvent
I. CHEMICL DfSHINATIOI 4. OUEIIASLE CHARACTERISTICS Combustible Liquaid 13.6 CrIcal Pvwaarorse Not MmcemleO

3t i~atsnmOeeotlS 4.1 Pkyabdtal.Iaa'laip111, Lq.qod 12.2 HAS HateadRating oestBlkWater 13.? $P*Cllt Gcenlty. Ot.10tfo t t
1
5C 11,qcd)

3 2 0.406 Guared catnesolIII06pCeaool 4.2 Coager L.ISth tOwotv Tter4onoratlooe Not tmed 13.6 L1qal Suetace Tenitaon:
Wmmuam weaeor~dacarban.ulatares 4.3 Oder. Ch-,ctertstc 12.3 NFPA"eased Cloqualficatloaee 23-32 d) it-1c. - 0.02 3.0 032 N/t 2t0t(

33 Ctenb*IWPWPOeMe Net apowleran Category claaslofton 13.9 Lkquwd-Water ntloetca$T Te1o,
34 INC*/tMkdW Mo10iest Nveslsammo o10Hul~ lc 47-49 d) no/ce, - 0 07.0 049 N, i ,d 20'(

Ooag~llec31127 fannaItsI Redi 2 13.10 Vapor (0..s) Spocilte Granthr.
ReaclIt, I 'll.. 1 0 Not ertnent

13.11 Noll ootSpecific Heartsof Vapor (Clo.):
Not pamriion

13 12 Latoent No"8.f Vporitolloe,
S. HEALTH HAZARDS 1l)1./ Ic/l - -Ia~ 2 t Itrll h

51I bolnd Ptolooftot-ee Pqlin Proweo,. ph."e. rortna race nh,vitd 13.13 HaoeloCornbutetlon: -l.d Ito I

5.2 SyMpfot. &FalONWMng po o IN HAL AT 10% c,.,. htoadactte ad nttjht py,drto,n -4)1.o..114Xtollot N, IfYrtnen

eaegep rto 0114 ~adeh.to eonhona. onna ao deth.poletery e~tat~n ncone,,13,15 NMeetdfiolution: No, tm.,oent
toetaat..0 .n~rt.npoe~~oo odhufdaepern htyledetayedl. ASPIS AI ION 13.14 ee oat "nivetymurtsaoe: N,,, pew,,,eni

53 Te.ItontlsrlapooWW INC 570 ON~l *do oee.tn -4c1 tnoed-a ateetfo~n
ASFIRA1ION eooc hdet.oytn.e n~e SS wan, ,th colnoos t...n1,1, of
ieateriti r~n~toetnopteew~~~hnpe 4C

54 Til yIIM~o ltcsel ie atoNnet au ytad o,.e ae nt
55 ~foe.Toems $MM~aio Linift flat, o as,tah

SO* Lo~od"Oengs Noat 6Onea.a10.514e 0NOT

Sovo VaeIuloead) uraqel lig ~ht Iffen impn0 Ievel of Ferteratorn -f.ern 11 p,,e~en In
tIIttonteetfat,,,0. Teeet,,~te

sIcy Odir Tthe~dl; 0. 1 prin
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t FINE HAZARDS L. WATtI POLLUTION
411 PlaftoL b* b lZ'P( ¶1 nwsmle40~~IrO0, A0e0,*.0.ha

63 PkAfb U110% A AW In hL,,.I Or

Phssvw 3Pe o0tI~ibifenOA" A*dnonDdr I2 WeebLogyIas.tr,

&do Wetnen Now.

4.7 ~eT~eee4O%~
C'mom~~6 .1 Usomlle 64mvill %o. perrn.,0

tamp" orb" h&e~lS.lm *e. i.ld. S.
Ww,~ my i mren.r,.9. $ELECTED MANUFACTURER'

CdCOO~fO :~ ~I Atl-K.. RK1Irel0d t.0
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MIL-F-12070B

16 June 1982
SUPERSEDING
KIL-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. SCOPE

1.1 Scope This specification covers two types of fog oil.

1.2 Classification. .. 7np. "'!.iehall be of the following types as specified
(see 6.2):

WW" ~~WTox a& 40U7o.A~

2. APPLICABLE DOCUZNTS

2.1 Governnent documents.

2.1.1 Specifications, standards, and handbooks. Unless otherwise specified,
the following specifications, standards, and handbooks of the issue listed 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 Procedures and Tables for Inspection by
Attributes

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

FSC 9150

: Beneficial 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 Research and Development Command, ATTN:

DRDAR-TSC-S, Aberdeen Proving Grou-nd, 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 6r as directed by the contrac-
ting officer.)

2,2 Other publications. The following documents form a 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 addressed to the Uniform Classification
Comittee, Room 1106, 222 South Riverside Plaza, Chicago, IL 60606.)

ASTK STANDARDS

"Pv•q - 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 Petroleum Products at Reduced Pressures

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

(Industry association specifications an4 standards are generally available
for reference from libraries. They are also distributed among technical groups
and using Federal agencies.)

2.3 Order of precedence. In 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. .4 na pezol aceiqjnT ha.U
go-ut-_[O _ad~iyasý The contractor shall certify that this requirement has
been met.

3.2 Appearance. I~a 1 J- f-- t -•,se -I~i sp~nded.

3.3 Chemical and physical characteristics. rhe'fog oil smiaI co' k tcbe
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TABLE I. Chemical and physical characteristics

ME Ms• :TWrip SGF: Test :
Characteristic : Min : Max : Min : Max :paragraph:

Flash point, : 400 320 4.2.4.2

: Viscosity, Saybolt Universal : : 4.2.4.3
: At 100"F, seconds 1:00: 110:
* At 21007, seconds : :55 :

Neutralization number : 0.1 : : 0.1 : 4.2.4.4 :

Pour point, s : 0: : -40 :4.2.4.5:

: Vapor temperature, OF at : : : : : 4.2.4.6
: 10 percent distilled : 390: :. : :
: 50 percent distilled ? 490: : : :
: 90 percent distilled : 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 inspection 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 Government. 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 continuous. In the
event the process is 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 M.L-STD-105.
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4.2.2.2 For test. Sampling shall be conducted in accordance with table IN.
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 container from which it eas taken.

TABLE 1I. Sampling for test

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

: 2 to 25 2:

26 to 150 : 3
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 up4e 9h11^1 be one filled
shipping container ready for shipment. Sample shipping e--=s 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 ret. as spec'&fied
(d) Container damaged or leaking
(e) Harking 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. Failure 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 thf 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 ASTX D92.

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. Determine the pour point of the specimen in accordance
with ASTM D97.
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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 milliieters of mercury absolute.

5. PACKAGING

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

*: fied (see 6.2).

5.1.1 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 d;y
or solid articles and shall be formed from low carbon steel sheet having a
kinimum thickness of 16 gauge. Each drum shall be furnished 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.

5.1.2 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
shall 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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Custodians: Pteparing activity:

Armyy - 'Amy - EA
Navy - SH

Project No. 9150-0426
Review activities:

Navy - OS, SA
DLA - GS, PS
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Aqciteme 15, 1980

red. Spec. VW-F-BOOO
April 2, 1975

yUmmm NWIT.~ICATZow

Fm 3O21 DIZISL

This specification vas approved by the CoNiSSSIOner, Federal SuppLy Service,
General Services Administrator for the use of all Federal Agencies.

1. VC~3 AND CLASSIFICATION

1.1 §o. This slecification, covers diesel fuel oils suitable for use in
automotive diesel and/or comp ession-ignition engines and gas turbine engines
other than aircraft under all climatic conditions (see 6.1).

1.2 Classification. The diesel (uel oils shall be of three grades, as
folloves

Milita.T SVmbdl NATO Code Mo. Descri tion

DF-.A - Arctic grade
DF-l Wintor grade

V-2 1P-4 Regular grade

2. AMI.C ncU3MS

2.1 The following documents. of the issue in effect on date of invitation for
bids or request for proposal, form a pact of the specification to the extent
specified hereins

Federal Standardss

Fed. Test Method Std. No. 791 - Lubricants, Liquid Fuels, and Related
Productai Methods of Testing.

(Activities outside th Federal Gm mmt mw cbtain coies of Fe~xal
specificticnm, stadozds arA z~d~a3 it= dascription as c.itlired
une Geneml Info~ntion in the Induc of Pftz%1 Specifications, Stamards
arA CemazrzcA1 Item 0~piw The Zr~w whidh includw cizaiative
blsunh2l u as ssed, is far sal on a subuciption basis by
th S rl'11eintut of r rcin'6tso U.S. on w 4, Printirq Office Was~ngt=z
CC 30402.

TIC 9140
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(SMinGl 0Wpie of this specji~fictio~n ad od threderal spedfiCa~tiaj,
st sAd admea, it=al -a om iptions Iz*qired by ac e tside
the Y&ral , fec biding pupowe anm avaible witheut dAvp
fz= Ginaaml ServiMs isv 1, awdrsAss Sa ervm Centers in Bost=ui
N&i Ymk h I .ldsWiAg WAahngn, Wi At1mta; Chicap, K~waas City* MD;
f !ft voh Umbm iDuwrf San ftxd~scwr Z Angales and Ss.attle, W.

(I'dral Oa t ac4:tiJ.ities m= odtan oim of Fedea.al spscidfatia, ,
st-dara and icial it dm= t.as and the Iridm of Fdrez-al
Specificatin.a, St•Adazds -d C-mvdi dal btn i fan establishsl
is ~ rfo in their agu~i.)

Military 80cficationus

NZL-Z-2S507 - Inhibitor Corrosion# Fuel Soluble.
NZL-1-Z2768 - Inhibitor • Fuel System Icing.

Military St.uuAds:

NIL-STD-lOS - Sampling Procedures and Tables foa Inspection by Attuibutes.
NI-VZD-2t0 - PackagL'-tg Packing, and Hacking of Petroleum and Related

Products.

Millt~af OuaXhalife4 1oduct List:

QPL-25017 Inhibitor, Corrosion* Fuel Soluble.

(Copies of Military Specifications and Standards required by contractors in
connection vith specfic procurement functions should be obtained from the
pcocucing activity or as directed by the contracting offLcec.)

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

Ameiccan Sociget for Testing and Materials Publicatloiiss

0 86 - Distillation of Petroleum Products
O 93 - Flash Point by Pensky-Martens Cloeed Tester
o 97 - Pour Point
0 129 - Sulfur in Petroleum Pcoducts by the Bomb Method
0 130 - Detection of Copper Corrosion from Petroleum Products by the

Copper Strip Tarnish Test
D 270 - SasplLng Petroleum and Pettole~a Products
0 445 - Viscosity of Transparent and Opaque Liquids (Xinematic and

Dynamic Viscosities)
D 462 - Ash from Petroleum Products
0 524 - Ramabottom Carbon Residue of Petroleum Products
0 613 - Ignition Quality of Diesel Fuels by the Cetane Method
0 974 - Neutralisation Number by Color-Indicator Titration
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• 976 - Calculated Cetane Index of Distillate Fuels

9 1298 - Density, Specific Gravity or ANl Gravity of Crude Petroleum
and Liquid Petroleum Products by lydrometer MethodD 1552 - Sulfur in Petroleum Producte (uigh-Teuperature Method)

• 2274 - Stability of Distillate Fuel Oil (Accelerated Method)
D 2275 - Particulate Contaminant in Aviation Turbine Fuels
D 2S00 - 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 ASTH Standards and are available individually. ASTM Method D 613-
is available only in the AMts Manuel for Rating Motor, Diesel, and Aviation
Fuels. Application for copies of all AM21 publications should be addressed to
the American Society for Testing and Materials, 1916 Race Street'Philadelphia,
PA 19103.)

3. lmzOuzpu4 8

3.1 Mat.erial. The diesel fuels supplied under this specification shall be
refined petroleum distillates. Additive agents, such as stabilizers, pour point
deptessants, haze iLpcovers, flow Loprovers, etc., will be permitted for
products purchased by individual installations in the continental U.S. (CotUS).
lowever, ftor military bulk deliveries outside the continental U.S. (CONUS)., or
long ters storage (greater than six months) applications (i.e., Army depot
facilities, stand-by power generators), only those additives specified in 3.2
vill 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 gums

(a) 3,#N -diisopropyl-para-phenylenediamine
(b) W.N' -disecondary butyl-par-phenylenedLaaine
(c) 2,6-ditertiary butyl-4-methylphenol
(d) 6-tertiary butyl-2, 4-dinethylphenol
(e) 2,6-v"itrtiary butylphenol
(f) 75 percent sin. 2,6-ditertiary butylphenol and 25 percent max.

tectiary and tritertiary butylphenols
(g) 60 percent in. 2#,4-ditectiary butylphenol and 40 percent max.

mixed tertiary butylphenols

3.2.2 Cetane ia rovers. The cetane number requirements specified in table I
my be obtained by use of any one or any combination of the approved oetane
lmevers (amyl nitrate, isopropyl nitrate, hexyl nitrate@ cyclohexyl nitrate,
2-ethylhexyl nitrate, and ootyl nitrate).
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(a) rat grade OF-& - 0.25 percent by weight
(b) Par grade oA-l and DP-2 - 0.50 percent by weight

.3.2.3 Corrosion inhibitors. A corrosion inhibitor conforming to HIXL-I-25017
may be blended into the fuel by the contractor. The amount added shall be equal
to or greater than the minimum effective concentration and shall not exceed the
maxima allowable concentration listed in the latest revision of QP1-25017.

3.2.4 Fuel system icing-inhibitor. A fuel system icing inhibit.or conforming
to KIL-Z-27686 (NATO Code 8-748) may be blended into the fuel in an amount not
to exceed 0.15 percent by volume.

3.3 Physical and chemical requirements. The diesel fuels shall conform to
the requirements specified in table I and 3.4.

TABLE 1. Physical and chemical requirements.

___________Values

- I Grade ..-2 .
Properties Grade DF-A Grade OF-1 CONUS OCNUS

Density, kg/L 415eC Report Report Report 0.815 to 0.860
Flash point, OC min. .38 38 52 56_/
Cloud point, °C max. -51 _ . V
Pour point, OC max. Report Report Report 3/
Kinematic viscosity 640-C

(200C), cSt 1.1 to 2.4 1.3 to 2.9 1.9 to 4.1 (1.8 to 9-5)
Distillation, oC:

50 evaporated Report Report Report Report
90t evaported, max. 288 288 338 357
Z 1d point, max. 300 330 370 370
leasidue, vol. %, max. 3 3 3 3

Carbon residue on 10t
bottoms, mass %, max.A/ 0.10 0.15 .35 .20

Sulfur, mass 0, max. 0.25 0.S0 0.50 0.70
Copper strip corrosion,

3 hrs. i S0* C
max. rating 33 3 1

Ash, mass t, max. 0.01 0.01 0.01 0.02
Accelerated stability,

total insolubles
mvJlOO ML, max._/ 1.5 1.5 1.5 1.5

Neutralization number,
TAN, max. 0.05 .... 0.10

Particulate contamination,
mg/liter, max. 10 10 10 10

Cetane nitber, min. 40 45 45 45
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Li If Di2 intended foz entry into the Central European Pipeline System shall
have a minimm value of 580C.

As specified by the procuring activity based on guidance in Appendix A.
DW-2 for Surope and 5. Korea shall have a maxima limit of minus 139C.

As specified by the procuring activity. DV-2 for Europe and S. Korea
shall have a saximum limit of minus 186C.

A,4 See Appendix B. If the fuel contains cetane improvers, the test must te
performed on the base fuel blend only.

5 This requirement is applicable only for military bulk deliveries 4nt;,,ded
foe tactical# 0CINUS, or long term storage (greater than six mnths)
applications (i.e., Azmy depots, etc.).

3.4 Workmanship. The finished diesel fuels shall be visually free from
undissolved water, sediment and suspended matter and shall be cleat and bright
at the ambient temperature or 70"F (21"C), whichever is higher.

4. QUALM ASSUPACZ PROVZSIONS

4.1 ResponsibiLity for inspection. Unless otherwise specified in the
contract or purchase order, the contractoc is responsible for the performance of
all inspection requirements as specified herein. Except as otherwise specified
in the contract or order, the contractor may use his own or any other facilities
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 set forth in the specification where such
inspections are deemed necessary to assure supplies and services conform to
prescribed requirements.

4.2 Lot.

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

4.2.2 Packaqed lot. An indefinite number of 55-gallon drums or other unit
containers 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
filled 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 SiMling.

4.3.1 Sgvling fot the inl.ection of -filled containers. Take a random sample
of fill"d oontainers from each lot in accordance with NIL-STD-105, at inspecton
level, awl acceptable quality level (A•QL) 2.5 percent defective.
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4.3.2 Sampling for tests. Taki samples foe tests in accordance with AZ N
Hethod 0 270. Test the samples in accordande with 4.6.

4.4 Inspection. Perform inspection in accordance with Method 9601 oa rid.
Test Method Std. no. 791.

4.4.1 Examination of the preparation for delivery. Examine samplet t.aken in
accordance with 4.3.1 for compliance with kll,-STD-290 wits regard to fill,
closure, sealing, leakage, packaging, packing, and marking requirements. Reject
any container having one oc note defects or under the required fill. Reject the
lot repcesented by the sample iL the number of defective or underfilled
containers exceeds the acceptance number for the appropriate sampling plan of
3 LP-S?-100S.

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 XX and Appendix B.

TABLE 11. Test methods.

Test
Test Method No.

Density ASa!4 D 1296
Flash point AST14 D 93
Cloud point ASTH D 2500
Pour point ASTH D 97
Kinematic viscosity ASTM D 445
Distillation ASTI D 86
Carbon residue.Y AST14 D 524"
Sulfur V/ ASM D 1552, 0 129, or D 2622
Copper strip corrosion AeTH 0 130
Ash ASTH D 482
Accelerated stability ASTN D 2274
Seutcalizsation AeTK D 974
Particulate contamination ASTH D 2276 (Appendix A2)
Cetane number _ AST D 613 or D 976
Fuel system icing inhibitor Fed. Test Method Std. No. 791,

Methods 5327, 5330; or 5340

See Appendix B.
/ D 1552 is the preferred method but D 129 and 0 2622 may be used as an

alternate.
3 0 613 is the preferred method for determining cetane quality. However,

where cetane improver. have not been used an determined by Appendix 3,
0 976 may be used as an alternate.
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5. ?PAMTIOM F0 DONLWVBUY

Set Packaina. Packin., and sarking. nless otherwise specified in the
cotrezt oc order (see 6.2) # packaging, packing, and sarking shall be in
aeooeance with NZIL-S-290.

6. :u•

6.1 Intended use.

.I.1 Military symbol DP-A. Arctic-grade diesel fuel oil is intended for use
in high-speed automotive-type diesel angines, gas turbine engines other than
aft-oraft, and pot-type burner space-heatera, in areas wheore ambient
temperatures lower than -320C 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 Dr-l. 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 -324C may occur (see
Appendix A). This grade of diesel fuel may be used for mediun-speed. stationary
engine applications, where fuel heating facilities are not available.

6.1.3 Military symbol DF-2. Regular-grade diesel fuel oil is intended for
use in all automotive- high-speed/aedium-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; se* 1.2).
(c) Size and type container required (see 5.1).
(d) Quantity of diesel fuel required. The unit of purchase is the

U.S. gallon (231 cubic inches at 600 F (15.60C).
(e) Level of packaging and level of packing required (see 5.1).
(f) Cloud point for D0-1 and 9•-2 (see Appendis A).
(g) Pour point for OCOMUS Z1-2 (see note 3v table 1).

6.3 Certain provisions of this specification are the subject of international
standardization agreements (NATO STAMAGS 1135, 2754, and 2845). When amendment,
revision, or cancellation of this specification is proposed which would affect
of violate the international agreement concerned, the preparing activity will
tae appropriate reconciliation action through international standardization
chbanels, including departmental standardization offices, if required.
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APPENDIX A

TUMT PIzwMrnzL MINIIWM AMNDDT TflMEPAUSM FOR DEFINING SATISFACTORY LOW
* -- TUZMTUIM PROPMWI3s 01 DIESEL F7Z..

10. SCOPE

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

20.*IEHOLG

20.1 Minimum daily temperatures compiled f:om weather stations were statis-
tically evaluated to determine the probability for various temperature occur-U 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
an a realistic quid*. By definition, the 10th percentile minumum temperature

* predicts a 10 percent chance that the daily minimum 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. APPLICATIQN

30.1 The 10th percentile minimum temperature values for the United States andI OGCOUS areas are tabulated and Oresented in table Ill and IV. Satisfactory
operation should be achieved in most cases if the Cloud Point is specified at or
below the 10th percentle9 minimum temperature. This guidance is of a general

* nature as some equipment design, us* of flow improvers, fuel properties, and/or
type of operating conditions may allow higher or require lower cloud point fuels.
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YV-V-800C

!MLZ II. UnIted States 10th percentile minimum temPeratut@s. °C.

State seat Oct Nov • Dec Jan Feb Mar

Alabam 13 4 -3 -6 -7 -3 -2

Alaskaid/
Northern -7 -25 -37 -45 -49 -47 -42

Southern -1 -11 -13 -18 -32 -32 -29

South anst 1 -4 -11 -16 -19 -13 -12

Atisonas
N 340 LAT 1 -4 -12 -14 -17 -16 -12

8 340 LAT 13 7 0 -2 -4 -3 -1

Arkansas 9 2 -4 -7 -11 -7 -3

California: 3/
N and 8 Coast 6 4 0 .- 2 -2 -1 -1

interior and SZ 6 1 -6 -8 -11 -7 -6

Colorados
3 1050 LONG 4 -2 -12 -14 -19 -15 -12

v 100s LONG -3 -8 -18 -25 -30 -24 -16

Connecticut 4 -1 -7 -16 -17 -16 -9

Delaware 8 2 -3 -10 -11 -10 -5

Florida 17 7 1 -1 -3 -1 4

Georgia 12 3 -2 -6 -7 -6 -2

Idaho 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

Ransas 4 -2 -11 -15 -19 -14 -13

Kentucky 7 1 -6 -13 -14 -11 -6

Louisana 14 S -1 -3 -4 -2 1

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 -1 -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 -is -22 -19 -13

Nevada:
N 38" LAT -2 -7 -14 -17 -22 -18 -13

8 38 LA 14 8 0 -3 -4 -2 1

New Hampshire 1 -3 -8 -18 -21 -21 -12

New Jersey 8 2 -3 -11 -12 -11 -6

Now Mexico 5 -2 -11 -14 -17 -14 -11

New York 1 -3 -8 -21 -24 -24 -16

North Carolina 6 -1 -7 -10 -11 -9 -5

North Dakota 1 -4 -20 -27 -31 -29 -22

Ohio 4 -1 -7 -16 -17 -15 -9
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[ TAS 111. united States 10th percentile minisium temPeratures. *C. (Cont'd)

state Seg't Oct Nov Dec Jan Feb Mar

Oklahoma 9 1 -8 -12 -13 -8 -7
f., Oregon:

3 1220 LOGW -1 -6 -11 -14 -19 -21 -9

W 122 LOW 4 0 -4 -5 -7 -4 -3

Pennsylvania 0 -3 -8 -19 -20 -21 -15

Rhode Island 6 1 -3 -12 -13 -13 -7

South Carolina 13 5 -1 -5 -5 -3 -2

South Dakota 3 -4 -14 -24 -27 -24 -18

Tennessee 7 1 -5 -9 -11 -9 -4

Texas:
- 310 LAT 9 3 -6 -9 -13 -9 -7

S 310 LAT 16 9 2 -2 -3 -1 2

Utah 4 -2 -11 -14 -18 -14 -8

Versnt 3 -3 -8 -20 -23 -24 -15

Virginia 8 2 -3 -9 -11 -9 -4

Washington:
9 1220 LO 2 -2 -8 -11 -18 -11 -8

W 1220 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

.L/ Details of state division are as indicated:

* Northern Regions Area north of the 62* LAT.
* Southern Regions Area bordered on the north by the 62* LAT, bordered

on the east by the 1410 LONG., and bordered on the
south by the 560 LAT.

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

by Canada& bordered on the vest by the 1410 LONG.,
and the remaining area bordered on the north by the
56* EAT.

2/ Details of state division by county as indicated:

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

Marin, Mendocino, Monterey, Napa, San Banito,
San ftancisoo, San Mateo, Santa Clara, Santa
Cruz, Solano, Sonomao Trinity

California, Interior -Alpine, Amador, Butte, Calaveras, Colusa, 31

Dorado, Presno, Glenn, Kern (except that portion

lying east of the Los Angeles County Aqueduct)p

Kings, Lassen, Madera, Nariposa, Merced, Nodoc,
Nevada# Placer, Pluas, Sacramento, San Joaquin,
Shasta, Sierra, Siskiyou, Itanislaus, Stter,
Tehama, Tulare, Tuolumne# Yolo, Yuba
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Ca'1focnia, South Coast - Loo Angeles (except that portion north of the San
Gabriel Mountain range and east of the Los
Angeles Country Aqueduct), Orange, San Diego, San
Luis Obispo, Santa Barbara, Ventura

Californiat Southeast - Imperial, Znyot Kern (that portion lying east of
the Los Angeles County Aqueduct), Los Angeles
(that portion north of the San Gabriel Kountain
range and east of the Los Angeles County
Aqueduct), Mono, Riverside, San Bernardino

TANA IV. OCONUS 10th percentile minimum teoneratures. * C.

Country Oct Nov Dec Jan Feb Mar Apr

Austria -1 -5 -12 -10 -9 -6 -1
Belgium 0 -3 -9 -7 -6 -6 -3
Denmark -1 -3 -6 -7 -7 -7 -3
France 0 -2 -9 -9 -5 -5 -1
Getsany -2 -5 -13 -13 -12 -9 -5
Greece 5 0 -3 -3 -2 -1 3
Iceland -1 -5 -7 -9 -7 -7 -4
Italy 1 -3 -6 -8 -7 -3 -1
Korea 1 -6 -13 -20 -15 -7 -1
Luxembourg 1 -3 -7 -7 -6 -4 -2
Netherlands 0 -2 -8 -8 -6 -5 -2
Norway -6 -14 -16 -18 -18 -16 -6
Portugal 8 4 1 1 1 1 5
Turkey -1 -6 -10 -16 -16 -6 -1
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A1UPPDZZ a

"TJZUM Cor VIUZ TIT--TMl ZGUITZOM IMROVERS IN DISEFUZL

10. scoan

10., This method of test covers the determination of organic nitrate enter-
type cetmsn improver additives used in diesel fuel. it is intended as a
screwing test far those diesel fuel inspection test procedures that are
affected by the presence of cetane isproversp namely, ASTW D 524 Standard Method
of Test for Rambottom Carbon Residue of Petroleum Products and D 976 Standard
Methads for Calculated Cetane Index of Distillate Fuels.

20. SWMOR

20.1 A diesel fuel sample is saponified in a potassium hydroxide- 1 butanol
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 quinoiaal compounds by the nitrate salt. No color change confirms the
absence of a cetane improver.

30. APPAPATUS

30.1 Reaction bottle - Screw-cap bottle, 29.6 UL (1 fl OX) capacity, wide
mouth, flint glass, with screw cap lined with tin or tetrafluoroethylene (TYE)
resin.

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

30.3 Pipette - 10 mL capacity, fitted with a pipetting bulb. Several types.
and makes of pipetting bulbs and assemblies are available. One of the following
is suggesteds Fisher Cat. No. 13-681, Pipet Filler, Fisher Safety, or squall
Fisher Cat. No. 13-681-50, Pipet Filler, or equall Fisher Cat. No. 13-682, Pipet
Adapter, Fishero or equal.

30.4 Graduated cylinders - 10 mL and 25 mL capacity.

30.5 Suction flask with a suitable holder to accomodate a 60 uL. glass-fitted
crucible.

30.6 Crucible - 60 uL capacity, glass-fritted, medium porosity.

30.7 Oven suitabie for drying filter discs at 1100 C.
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40. V3WAM!

40.1 Saponification mixture (In) - Prepared by mixing 6.5 g potassium
bydtomide (AC& grade) with 100 9L absolute l-butanol (ACS grade) and beating to
dissolve the ECK. After the solution ecols, the mixture is filtered through the
glass fiber filter paper.

40.2 Diphenylamine (1 percent solution) - Prepared by dissolving 0.250 g
diphenylamine (ACS Indicator grade) in 25 mL sulfuric acid (sp. gr. 1.834).

40.3 Toluene (ACS reagent grade).

HOME Toluene is flammable and toxic, 1void breathing
vapors or contact with skin.

50. P* wxMiJ

S0.1 Pipette 10 AL of sample into the reaction bottle and add 5 mL of toluene
followed by 10 sL of the saponification mixture.

NOT7a 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 1100 C for 4 hours.

50.3 Remove the reaction bottle from the oven anJ allow it to cool to 25 +
30C.

50.4 Filter the contents of the reaction bottle through the 60 m•L 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-fr Ltted crucible.

50.6 Carefully remove the glass fiber filter disc and dry it in oven at I10C
for 15 minutes.

50.7 Remove the filter disc and cool it to 250 + 30C.

S0.6 Add 3 drops of dLphenylanine solution to the center of the disc and
observe whether a blue or blue-black color forms.

60. IZIOM

60.1 The presence of organic nitrate ester-type aetane 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
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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 Comand, Department of the Army, and is

available for use by all Departments and Agencies of the Department

of Defense.

1. SCOPE

1.1 Scope. This specification covers one grade of diesel fuel for use in
research, development and proof testing of all coupression-ignition engines,
diesel-powered auxiliary units, gas turbine engine driven ground vehicles and
mobile electric power 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 (ollows:

Referee grade diesel fuel. A diesel fuel representing the minimal or
marginal quality level which can be procured under specification VV-F-800
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-consuming
equipment will perform adequately with all diesel fuels procured under
VV-F-800.

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications and standards. Unless otherwise 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 (CoDISS)
specified in the solicitation, 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
Selvoir, VA 22060 by using the self-addressed Standardization Document
Improvement Proposal (DP Form 1426) appearing at the end oT this document or by
letter..

FSC 9140
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MIL-F-46162B(ME)

SPECIFICATIONS

FEDERAL

VV-F-800 - Fuel Oil, Diesel.

MILITARY

MIL-T-5624 - Turbine Fuel, Aviation, Grades JP-4 and JP-5.
MIL-I-25017 - Inhibitor, Corrosion, Fuel Soluble.
MIL-T-83133 - Turbine Fuel, Aviation, Kerosine Type, Grade

JP-8.

V TANDARDS

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

QL-25017 - Qualified Products List of Products
Qualified Under Military Specification
MIL-I-23017.

(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. In 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
are 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

D 86 - Distillation of Petroleum Products.
D 93 - Flash Point by Ponsky-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 (General Bomb

Method)
D 270 - Sampling Petroleum and Petroleum Products.
D 287 - API Gravity of Crude Petroleum and Petroleum Products (Hydromoeter

Method).
D 445 - Kinematic Viscosity of Transparent and Opaque Liquids (and the

Calculation of Dynamic Viscosity).
D 482 Ash from Petroleum Products.
D 524 - Ramsbottom Carbon Residue of Petroleum Products.
0 613 - 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 Oil (Accelerated Method).
D 2276 - Particulate Contaminant in Aviation Turbine Fuels.
D 2500 - Cloud Point of Petroleum Oils.

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

(The test methods listed above z 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 societies 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
subparagraphs.

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 a cetane improver(s) or a pour-point depressant or flow

19
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improver is permissible, if necessary to meet requirements of this
specification. The particulkr additives and the amounts used shall be limited
to those specified.

3.2.1 Antioxidants and stabilizers. Any one or a combination of the
folloving 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 barrelr (42 gal/bbl) of fuel (9.1 S/1O0 gal (US), 24 mg/liter, or 109
mg/gal (UK), to prevent the formation of gum:

(a) N,N -diisopropyl-para-phenylenediamine.
(b) N,N'-disecondary butyl-para-phenylenedismine.
(c) 2,6-ditertiary butyl-4-methylphenol.
(d) 2,4-dinethyl-6-tertiary butylphenol.
(e) 2,6-ditertiary butylphenol.
(f) 75 percent min 2,6-ditertiary butylphenol and 25 percent max

tertiary and tritertiary butylphenols.
(g) 60 percent miin 2,4-ditertiary butylphenol and 40 percent max

mixed tertiary butylphenols.

The addition of anzioxidants 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 Couand, ATrN: DRDHE-GL, Ft.
Belvoir, VA 22060. Requests for approval shall contain the chemical name or
trade name of the udditive, 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 conforving to MIL-1-25017
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
allowable 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, hrxyl 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 r'equirements. The diesel fuels shall conform to
the requirements specified in table I.

3.4 Workm&anship. The finished diesel fuel shall be visually free from
undissolved water, sediment and suspended matter and shall be clear and bright
at 21" C.
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TABLE 1. Physical and chemical requirements.

Value
Property

Density, Kg/L @ 150 C Report
Flash point, 'C Report
Cloud point, "C max -13
Pouc point, "C max -18
Kinematic viacosity, cSt at 40* C 1.9 to 4.1
Distillation, "C:

Initial boiling point Report
102 recovered Report
50% recovered 245 to 285
904 recovered 33U to 357
952 recovered 350 to 375
End point, max 385

Carbon residue on 10% bottoms, 0.20
Z wt. maxi/

Sulfur. Z wt2./ 0.95 to 1.05
Copper strip corrosion, 3 hrs @ 1

50' C, ASTM classification, max
Ash, % vt, max 0.02
Accelerated stability, total 1.5

insolubles, mg/1OC ml, max
Neutralization No., TAN, max 0.2
Aromatics, volume Z Report
Net heat of combustion, BTU/lb Report
Particulate contamingtion, 10

mg/liter, max
Cetane number 40 to 45

See Appendix. The maximua limits do not apply for samples containing
coeane improvers, In Chose instanoes, the Ctoo musC be p~rforwd on Che
basefuel blend.

2./ Sulfur in the finished fuel should be naturally-occurring. If additional
sulfur is required, only tertiary butyl diaulfide 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
lrequLiement as speiftied herein, Uexept as otherwise specified in the
aontuaet, the contractor may use his own or any other tacllttiss suitable tor
the performance of the inrpection requirements specified herein, unless
disapproved by the Government. The Government reserves the right to perform any
of the inspections sit forth in the specification where such inspections are
deemed necessary to assure that supplies and services conform to prescribed
requirements.

4.2 Lot.

4.2.1 Bulk lot. An indefinite quantity of a homogeneous mixture of one grade
of fuel oil offered for acceptance in a single, isolated container; ir
manafactured in a single pltit run (not exceeding 24 hours), through the same
processing equipment, with no char.ge 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 oil, manufactured in a
single plant run (not exceeding 24 hours), through the same processing
equipment, with no change in tha 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 I1 and acceptabl- quality level (AQL) - 2.5 percent defective.

4.3.2 Sampling for tests. Take samples for tests in accordance with ASTh
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 defi'cts or under the required fill. If the number
of defective or underfilled cont;3-'--c e~xc,--.-, 1"-,e -- ceptance number for the

- 7. - pian of MIL-STt. j'. 5 , rcj-ct the Joc represented by the sample.

A 2L~ica~,:. -o-nform~nc ý.eits.

4.6 Test methods. Pc.,,'form tests in accordance with the applicable melthods
listed in table II and Appendix.
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TABLE I1. Test methods.

ITest 
ASTM Test Me thod No.

Gravity. *API D 287
Flash point D 93
Cloud point D 2500
Pour point D 97
Kinematic viscosity D 445
Distillation D 86
Carbon residue!/ D 524
Sulf ir3/ 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 (Appendix A2)
Cetane numberi/I D 613 or D 976

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

Y/ D 613 is the preferred method for determining cetane quality. However,
where cetane improvers have not been used as determined by the method
in the Appendix, D 976 may be used as an alternate.

4.7 Report of analysis. The contractor shall provide copies of analysis
reports, givirg the results of these ti'sts with a statement of the types and
concentrations of the additives used in the diesel fuel.

5, PACKAGING

5.1 Packin, And marking# Diield fuel contained in the il@. and typ@ 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 inLended for use in reaearch,
development and proof-testing nf all compression-ignition engineý.,
diesel-powered auxiliary units, gas Turbine engine driven ground vehicles and
-- bile -leztric power generators, and other fuel handling supply ilems. The use
' referee ;uel in con,•ictioar tith Develon-n- z T Ting (DTI through DTIII) is

n '- necesa- L. , potential oper- nnal pr.oblems with ri~spect to
performanc:e 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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equipmont in the field as a substitute for VV-F-800 diesel fuel without approval

of the enline manufacturer or from the US Army Mobility Equipment Research and

Development Command, ATTN: DRDE-GL, Fort Belv6ir, 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 ISO C, jP-6 fuel conforming to MIL-T-83133 or JP-5 fuel conforming
to MIL-T-5624 should be used.

6.2 Ordejinx data.

(a) Title, number and date of this specification.
(b) Size and type of container required (wee 5.1).
(c) Degree of pac.king required (see 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)]

Custodian: Preparing activity:
Army - M Army ME

Review activities: Project 9140-A097
Army - AT
DLA - PS

User activities:
Army -CE, TE

Appcrildix ,
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10. SCOPE

10.1 Scope. This method of test covers the determination of ocganic nitrate
eater-type cetane improver additives used in diesel fuel. It is in.'.nd.ed 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 -
I butanol mixture and then filtered through a glAss fiber filter disc. The
material remaininS 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 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 Reaction bottle. Screw-cap bottle, 29.6 ml (1 fl oz) capacity, wide
mouth, flint glass, with screw-cap lined with tin or tetrafluorethyle.ne (TFE)
resin.

30.2 Class fiber filter paper. 37-mm diameter, Grade 934 AH (H.Reeve Angel,
Inc., Clifton, MJ, or equivalent).

30.3 Pipette. 10-ml capacity, fitted with a pipetting bulb. Severil types
and makes of pipetting bulbs an*• Assemblies are availablv. One of the followin
is suggested: Fisher Cat No. 1-,"i8l, Pipet Filler, Fisher Safety, or equal;
Fisher Cat No. 13-681-50, Pipet Filler, or equal; Fii.her Cat No. 13-682, Pipet
Adapter, Fisher or equal.

30.4 Graduated :ylindars. 10-ml and 25-mI c.ýpacity.

30.5 Suctiot. flask vith a svitable holder to accomodate a 60-ml glass-fritte
crucible .

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

30.7 Oven. Suitable for drying filter discs at 110" C.

pperid i x [I,
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40. REAGENTS

40.1 Saponification mixture (IN). Prepare by mixing 6.5 g of potassium
hydroxide (ACS reagent trade) with 100 ml of absolute 1-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 (I percent solution). Prepare by dissolving 0.250 g of
diphenylamine (ACS indicator grade in 25 ml of sulfuric acid (sp gr 1.834).

40.3 Toluene (ACS reagent -grade).

NOTE: Toluene is flanmable 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 because of the
toxicity of the substances invglved. 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 ift 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-m1
glass-fritted crucible fitted with the glass fiber 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 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 blut-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

\r)n T) Ii x P
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reagent spot wtereas those samples containing only 0.1 percent by volume produce
a blue ring at the outer boundary of the reagent. If a positive reaction occurs
(i5e24 u blue or blue-blsc cn aoatioran), the carbon residue determinaton (D524) must be parforted on a nest or basefu) e bloend.
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APPENDIX C
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

fhe eItte df fiff•Pf frufr an §fflak@ i§ §light, Th@ only poe§§Il@ @ff1ct bJing th@
relationship of tfmpgfatup f to vapof prf§§uFrl r lativ@ humidity .and a warming of thg
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
smoke 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 stable or inversion condition exists when the air temperature increases with an
increase in altitude. This condition creates stable 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 other tall objects.
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INVERSION NEUTRAL LAPSE
(Stable) 

(Unstable)

: .÷

. ...,.......

Increase in temperature Very little or no change Decrease in temperature

with increase in altitude; In temperature with in- with increase in altitude;

stable atmospheric con- crease 'in altitude; mod- unstable atmospheric con-

ditions near the ground erately stable atmospheric ditions near the grounid
conditions near the ground

Figure C-i. Vertical temperature gradients.
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MEASUREMENT CLASSIFICATION

WE - 4-METER 45

AIR TEMPERATURE +4 VR I

SUBTRACT THE O.S-METER +

AIR TEMPE RATURE REAINXG J ____

FROM THE 4AMETER 0 NEUTRAL
AIR TEMPERATURE READING

70*F.-2

S*F VERTICAL - AS
TEMPERATUIRE LAS
CRADIENT -5

75 F. 
0.5-MIE 

UR

AIR TEMPERATURE

Figure C-4. Measurement and classification
of vertical temperature gradients.
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When th.,re 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 starle 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. In 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 to 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
va!ue 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.

21 ungle.

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 used to conceal river crossings or to provide
coverage of ri.. ýrs used as routes of communication. Smoke used in dense vegetation
tends to spread slowly downwind and downslope and follow creek beds and gullies. 3ungle
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.
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APPENDIX D
Dissemination Models

The purpose of the following models is to provide estimates of downwind dosage
and concentration levels 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 HAZTRD2. This model was
prepaied 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 I 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
I 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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Toxicity of Fuel Oils and Lubricating Oils in Mammals
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APPENDIX F
Summary of Toxicity of Fuel Oils and Lubricating Oils in

Algae, Phytoplankton, and Bacteria

TOXICITY OF FUEL OILS AND LUBRICATING OILS IN ALGAE,
PHYTOPLANKTON, AND BACTERIA*

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*

Natural marine Exposure to 19.1 to 19.8 Inhibition of photo- Gordon and Prouse,
phytoplankton vi g/I No. 2 fuel oil synthesis 1973
communities dissolved in water

Fresh water Cultured and grown on 0.1% No reduction in popu- Dennington et
Phytoplankton diesel fuel medium or on lation size or growth al., 1975
(Algae): 10% lubricating oil medium rate
Euglena

Scenedesmus Cultured and grown on 0.1% No growth; inhibition
diesel fuel medium of photosynthesis

Cultured and grown on 0.1% Inhibition of
lubricating oil medium photosynthesis

Skeletonema Stoppered flask culture No growth Dunstan et al.,
(diatom) with 100 Iag/I of No. 2 1975

fuel oil medium

"of Unstoppered flask culture No growth
with 1000 jig/I of No. 2
fuel oil medium

Dunaliella Flask culture with Uig/I Enhanced growth
(green flagel- quantities of No. 2 fuel
late) oil medium

Cultured on 10% dilution No effect on growth Pulich et al.,
of seawater with 15 mg/l 1974
No. 2 fuel oil

Chlorella Cultured on 10% dilution No effect on growth
(green) of seawater with 15 mg/l

No. 2 fuel oil

*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.)

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES

Agmenellum Cultured on 10% dilution 7-hr lag phase
(blue-green) of seawater with 15 mg/l

No. 2 fuel oil

Thalassiosira Cultured on 10% dilution 14-hr lag phase
(diatom) of seawater with 15 mg/l

No. 2'fuel oil

Gymnodinium Cultured on 10% dilution 170-hr lag phase
(dinoflageiate) of seawater with 15 mg/l

No. 2 fuel oil

Nostoc Cultured on 10% dilution Prolongation of Pulich et al.,
(blue-green) of seawater with 15 mg/I doubling time from 6 1974

No. 2 fuel oil to 9 hours

Agmenellum Suspension in 50% dilution Inhibited photo-
(blue-green) of soluble fraction of synthesis

10.1% No. 2 fuel oil in
water mixture

Chlorella Suspension in 20% dilution Inhibited photo-
(green) of soluble fraction of synthesis

10.1% No. 2 fuel oil in
water mixture

Thalassiosira Suspension in 12% dilution Inhibited photo-
(diatom) of soluble fraction of synthesis

10.1% No. 2 fuel oil in
water mixture

Coccochloris In 25% dilution of soluble No growth Winters et al.,
(blue-green) fraction of 10.1% Baytown 1976

or Montana fuel oils mixed
with water

Agmenellum In 25% dilution of soluble No growth
(blue-green) fraction of 10.1% Baytown

or Montana fuel oils mixed
with water
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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

Chloreila Suspension in 50% dilution No ,growth
(green) of soluble fraction of

10.1% New Jersey fuel oil
mixed with water

Mixed culture of Kerosene emulsion Motility adversely Chet and Mitchell
motile marine >5 lpg/I in seawater affected 1976
Bacteria

Kerosene emulsion 3 ljg/I Blockage of chemical-
in seawater ly - mediated attrac-

tion to organic matter
in water
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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.

Waterfowl Field studies in diesel- Oil swallowing caused Chia, 1971
fuel polluted area burns, pneumonia, in-

ternal hemorrhages,
comatose behavior

1-year-old Intragastric administration LD 5 0 ; weakness, Tucker and
Mallard ducks of gelatin capsules con- diarrhea, regurgita- Crabtree, 1970

taining >20 mg/kg b.w. of tion.
diesel fuel

Pekin and Intragastric administration LD 5 0  Hartung and Hunt
Mallard ducks of 4 mI/kg b.w. of diesel 1966

fuel under stress condi-
tior of crowding and 0 to-- 10 C.

Ducks Intragastric administration No mortalities
of 24 mI/kg b.w. of diesel
fuel

Ducks Intragastric administration No mortalities
of 20 mI/kg b.w. of lubri-
cating oil

*References are taken from Liss-Suter, Deborah. A Literature Review-Problem Definition Studies on

Selected Toxic Chemicals, Volume 8 of 8.

LD50 - 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

capsules containing 3.5 for 6-8 days; egg
mg/kg b.w. of No. 2 fuel yolk deposition ab-
oil normalities

Mallard and Intragastric administra- Oil pneumonia, diar- Hartung and Hunt
Pekin ducks tion of 1-3 ml/kg b.w. of rhea, anemia, occult 1966

fuel oil or lubricating blood in intestines,
oil tox:c nephrosis

Ducks Intragastric administration Liver function alter- Hartung and Hunt
of 3-12 mi/kg b.w. of ations, ceduced pan- 1966
diesel fuel creat'c zymogen, toxic

nephrosis, lipid
pneumonia, diarrhea,
occult blood in intes-
tines, anemia
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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/I 2*-hr LC, 0  Turnbull et al.,
kerosene added to water 1934

Banded killifish Exposure to 28.3 mg/l No. 2*-hr TLm Rehwoldt et al.,
2 fuel oil added to water 1974
Exposure to 26.1 mg/l No. 96-hr TLm
2 fuel oil added to water

Striped bass Exposure to 30.6 mg/I No. 24-hr TLm
2 fuel oil added to water
Exposure to 22.2 mg/l No. 96-hr TLm
2 fuel oil added to water

Pumpkinseed Exposure to 42.6 mg/l No. 2*-hr TLm
2 fuel oil added to water
Exposure to 39.2 mg/l No. 96-hr TLm
2 fuel oil added to water

White perch Exposure to 41.6 mg/I No. 2*-hr TLm
2 fuel oil added to water
Exposure to 37.2 mg/I No. 96-hr TLm
2 fuel oil added to water

American eel Exposure to 28.0 mg/l No. 2*-hr TL,
2 fuel oil added to water

" Exposure to 31.0 mg/l No. 964w TL,
2 fuel oil added to water

Carp Exposure to 52.5 mg/I No. 2*-hr TLm
2 fuel oil added to water
"Exposure to 49.1 mg/l No. 96-hr TLm "
2 fuel oil added to water

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

LC 5 0 - median lethal concentration

TLm - median tolerance limit
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SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN FISH (CONT.)

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*

3uvenile Exposure to 204 mg/l diesel 24-hr TLM; loss of Tagatz, 1961
American Shad fuel added to water equilibrium, and other

" Exposure to 167 mg/I central nervous system
diesel fuel added to water disturbances preceeded

death

Exposure to 200 mg/I 24-hr TLm Boylan and Tripp
kerosene added to water 1971
Exposure to 200 mg/I No. 2 24-hr TLm
fuel oil added to water

Mummichog Exposure to undiluted No mortalities in 96 Scheier and
soluble fraction of 10% hr Cominger, 1976
mixture of No. 2 fuel oil
In water

Sheephead Exposure to same No mortalities in 96

Mlnruow hr

Channel catfish Exposure to same 10% mortality in 96 hr

Bluegill sunfisn Exposure to same 20% mortality in 96 hr

Mummichog Exposure to 41 vol % dilu- 96-hr LC30
tion of soluble fraction
of 10% mixture of No. 2
fuel oil in water pre-
viously UV irradiated for
72 hr

Sheephead Exposure to 46 vol % of 96-hr LC 5 0
Minnow same

Channel Catfish Exposure to 75 vol % of 96-hr LC 5 0
same

Bluegill Sunfish Exposure to 40 vol % of 96-hr LC 5 0
same
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SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN FISH (CONT.)

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*

Sheephead Exposure to dispersion of 24-hr TLm Anderson et al.,
Minnow 250 mg/l No. 2 fuel oil 1974

added to water
Exposure to dispersion of 96-hr TL
93 mg/l No. 2 fuel oil m

added to water

Silverside Exposure to dispersion of 24-hr TLm
260 mg/I No. 2 fuel oil
added to water
Exposure to dispersion of 48-hr TLm
125 mg/I No. 2 fuel oil
added to water

Sheephead Exposure to >6.9 mg/I No. 24-hr TLm
Minnow 2 fuel oil dissolved in

water

Sheephead Exposure to 6.3 mg/I No. 96-hr TLm Anderson et al.,
"Minnow 2 fuel oil dissolved in 1974

"water

Silverside Exposure to 5.7 mg/I No. 24-hr TLm
2 fuel oil dissolved in
water

Exposure to 3.9 mg/I No. 96-hr TLm
2 fuel oil dissolved in
mater
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SUMMARY OF TOXICITY OF FUEL OILS
AND LUBRICATING OILS IN WORMS

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*

Soil Nematodes No. 2 fuel oil applied to Nemacidal after 6 and Raymond et al.,
1.7 x 3.0 m plots of soil; 2 12 months 1976
application rate 2.5 kg/m 2

Marine annelids
Neanthes arena- Exposure to >8.7 mg/l No. 24-hr TLm Rossi et al.,
ceodentata 2 fuel oil dissolved in 1976

water
Exposure to 3.2 mg/I No. 48-hr TLM i

2 fuel oil dissolved in
water
Exposure to 2.7 mg/I No. 96-hr TLm
2 fuel oil dissolved in
water

Capiteila Exposure to > 8.7 mg/I No. 24-hr TLm
capitata 2 fuel oil dissolved in

water
Exposure to 3.5 mg/I No. 2 48-hr TLm
fuel oil dissolved in water
Exposure to 2.3 mg/I No. 2 96-hr TLM
fuel oil dissolved in water

Neanthes arena-
ceodentata:
4-segment Exposure to > 8.7 mg/I No. 24-hr TLm Rossi and
juveniles 2 fuel oil dissolved in Anderson, 1976

water
Exposure to 8.4 mg/I No. 2 96-hr TLm
fuel oil dissolved in water

18-segment Exposure to > 8.7 mg/l No. 24-hr TLm
juveniles 2 fuel oil dissolved in

water
Exposure to 5.7 mg/I No. 2 96-hr TLm
fuel oil dissolved in water

32-segment Exposure to > 8.7 mg/I No. 24-hr TLm
juveniles 2 fuel oil dissolved in

water
Exposure to 5.4 mg/l No. 2 96-hr TLm
fuel oil dissolved in water

TLm - median tolerance limit
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SUMMARY OF TOXICITY OF FUEL OILS AND
LUBRICATING OILS IN WORMS (CONT.)

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*

40-segment Exposure !o >8.7 mg/I No. 24-hr TLm Rossi and
juveniles 2 fuel oil dissolved in Anderson, 1976

water
" Exposure to 2.7 mg/I No. 2 96-hr TLm

fuel oil dissolved in water

48-segment Exposure to >8.7 mg/I No. 24-hr TLm
immature addults 2 fuel oil dissolved in

water
Exposure to 2.7 mg/l No. 2 96-hr TLm
fuel oil dissolved in water

60-segment Exposure to >8.7 mg/I No. 24-hr TLm
mature males 2 fuel oil dissolved in

water
Exposure to 2.6 mg/I No. 2 96-hr TL,
fuel oil dissolved in water

60-segment Exposure to >8.7 mg/i No. 24-hr TL,
gravid females 2 fuel oil dissolved in

water
SExposure to 4.2 m gil No. 2 96-hr TLm

fuel oil dissolved in water

Appendix H
139



SUMMARY OF TOXICITY OF FUEL OILS AND-
LUBRICATING OILS IN MOLLUSKS

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*

Scallops Exposure to 12.5 mg/I No. 100% mortality in 24 Tarzwell, 1971
2 fuel oil in water hr

Quahaug clam Exposure to 0.43 mg/I No. 1.-hr LCo0  Byrne and Calder,
eggs 2nd- 2 fuel oil dissolved in 1977
cleavage stage water

2-Day old Exposure to 1.3 mg/I No. 2 2-Day LCo Is
Quahaug larvae fuel oil dissolved in water

Exposure to 0.53 mg/l No. 10-Day LCo0
2 fuel oil dissolved in
water

Young adult Exposure to 505 mg/I No. 96-hr LC50; excessive Stalnken, 1976
soft shell cdms 2 fuel oil in water mucus secretion;

emulsion * muscular narcotization
Exposure to < 100 mg/I No. 7-Day LC0 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 1973

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 to 10,000 mg/I 6-hr LC50 Renzoni, 1973
of Oysters and No. 2 fuel oil in water
Mussels dispersion

Oyster and Exposure to 1,000 mg/I No. Reduced numbers of
Mussel eggs 2 fuel oil in water dis- larvae developed

persion

LC 50 - median lethal concentration
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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 4 Anderson and
0.1% or 10% No. 2 fuel oil days Anderson, 1976
added to water

Oysters Exposure to dispersion of 50% mortality In & Anderson and
1% No. 2 fuel oil added to days; 100% mortality Anderson, 1976
water in 14 day5

Snails 60 ml of kerosene poured Slight effect on Hadley, 1977
Littorina sp. over animals crawling activity and

attachment rates

Nassarlus Exposure to I to 4 ugh of Interference with Jacobsen and
obsoletus kerosene dissolved In chemically-mediated Boylan, 1973

water food-flnding behavior

Appendix H
: 141



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

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*

Grass shrimp Exposure to dispersion of 24-hr TLm Anderson et al.,
3.9 mg/I No. 2 fuel oil 1974
added to water
Exposure to dispersion of 96-hr TLm
3.0 mg/I No. 2 fuel oil
added to water

Mysid Exposure to dispersion of 24-hr TLm
1.6 mg/I No. 2 fuel oil
added to water
exposure to dispersion of 43-hr TLM
1.3 mg/I No. 2 fuel oil
added to water

Brown shrimp Exposure to dispersion of 24-hr and 96-hr TLm
Postlarvae 9.4 mg/I No. 2 fuel oil

added to water

Grass shrimp Exposure to 4.4 mg/I No. 2 24-hr TLm
fuel oil dissolved in water
"Exposure to 3.5 mg/I No. 2 96-hr TLM -
fuel oil dissolved in water

Mysid Exposure to 2A mg/l No. 2 24-hr TLm
fuel oil dissolved in water
"Exposure to 0.9 mg/I No. 2 4-hr TLm
fuel oil dissolved in water

Brown shrimp Exposure to 3.0 mg/I No. 2 24-hr TLm
postlarvae fuel oil dissolved in water

Exposure to 4.9 mg/l No. 2 96-hr TLm
fuel oil dissolved in water

Grass shrimp Exposure to undiluted sol- 96-hr LC5O Scheier and
uble fraction of 10% Gominger, 1976
mixtures of No. 2 fuel oil
in water
Exposure to 34.4 vol % di- 96-hr LC 50
lutircn of soluble fraction
of 10% mixture of No. 2
fuel oil in water pre-
viously UV irradiated for
72 hr.

LC50 - median lethal concentration; TLm - median tolerance limit
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SUMMARY OF TOXICITY OF FUEL OILS AND LUBRICATING
OILS IN MARINE CRUSTACEANS (CONT.)

EXPERIMENTAL
SPECIES PROTOCOL RESULTS REFERENCES*

Grass shrimp Exposuf to water under 6- 50-min TLm Scheier and
day-old ý4o. 2 fuel oil Gominger, 1976
slick prepared from I part
oil and 360 parts water and
UV irradiated for 6 days
Exposure to same, but not 100% survival after
irradiated during prepara- 96 hr
tion

Coon stripe Exposure to 0.8 mg/l of 96-hr LC 5 0  Vanderhorst et
shrimp No. 2 fuel oil dissolved al., 1976

in water
Exposure to 1.3 mg/l of 72-hr LC5 0
No. 2 fuel oil dissolved
In water

Amphipod Exposure to dispersion of 48-hr LC50  Linden, 1976
Gammarus 173 p 1/1 of No. I fuel oil
oceanicus Adults in water

4-6 day old Exposure to dispersion of 48-hr LC 50
juveniles 0.3 Pu/l of No. I fuel oil

in water

Adults Exposure to solution of 5 100% mortality in 50
p1/1 of No. I fuel oil in days; impaired swim-
water ming; loss of photo-

phobia; reduced sexual
activity; reduced
numbers of offspring

Amphipod Exposure to 1.0 ml/l of 24-hr LC 5 0  Atlas, 1975
Boeckosimus diesel fuel oil slick on
af finis water

"Exposure to 0.8 ml/l of 72-hr LC5 o
paraffinic fuel oil slick
on water
Exposure to 0.4 mI/l of 16-day LC 3 0
aromatic fuel oil slick on
water
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SUMMARY OF TOXICITY OF FUEL OILS AND LUBRICATING
OILS IN MARINE CRUSTACEANS (CONT.)

EXPERIMENTAL
SPECIES PROTOCOL RESULTS RE.FERENCES*

Copepod Exposure to 1.0 mi/I of 100% mortality in 72 Barnett and
Tigropus diesel fuel dispersed in hr Kontogiannis,
californicus water 1975

Copepod Exposure to 0.50 mi/l of 100% mortality in 96 Barnett and
Tigropus diesel fuel dispersed in hr Kontogiannis,
califomicus water 1975

"Exposure to <0.10 mi/l (87 Reduced survival
mg/I) 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 ml/l (83 Reduced survival
mg/i) of kerosene in water critical concentration

Cyclopoid Exposure to 50% dilution of 20% survival in 72 hr Lee and Nichol,
Copepod Nauplil soluble fraction of 10.1% 1977

mixture of No. 2 fuel oil
in water

Calanoid Copepod Exposure to 50% dilution of 100% survival in 72 hr
Nauplii soluble f raction 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, r'e-

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 Re.mer, 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

Pocillopora sp. diesel fuel living tissue in 13
days

I 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
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APPENDIX I
Isopleth Contours of the XMI6

The following is the isopleth plot of 8SdB-A contours for XM16 smoke generator.
The maximum running speed of the 360-P-6 engine on the XMI6 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 1800
and exhaust end toward 00. The truck driver cab always pointed toward 900.
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