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Executive Summary

This report presents the assessment of the environmental effects of radio-frequency (RF) chaff as
determined by a select panel of university-based research scientists, each with published
expertise in a relevant field of study. The analytical approach was to use paradigms from
environmental toxicology and related disciplines, “upper bounds” (or worst-case) estimates -
based on the amounts and areas of chaff use, analysis of known literature data related to the
effects of RF chaff, and reasonable, prudent extrapolations and derivations from these data.

The Panel concludes that widespread environmental, human, and agricultural impacts of RF
chaff as currently used in training are negligible, and far less than those from other man-made
emissions, based on available data, analyses, estimations, and related information. Empirical -
information is lacking concerning the extent to which chaff abrades and is resuspended to the
atmosphere and actual exposure in populated areas near release. However, upper limit
calculations suggest that those impacts are also negligible.

Prior studies and the analysis provided here do not warrant modification of current DOD RF
chaff training practices based on environmental concerns. However, significant increases in RF
chaff use in training beyond its use in the recent past or the use of degradable chaff as a
replacement would require further consideration of environmental impact.

Up to 2.3 million bundles of RF chaff are released annually by the military services worldwide
for operational and training purposes. This is about 500 tons per year (tpy), approximately the
same as emissions from a single coal-powered generating station. Of this amount 5 tpy and 0.12
tpy were released respectively at NAS Fallon and Patuxent River NAS, the two case-study sites.

Virtually all RF chaff is 10-100 times larger than PM;o and PM s, the air particulates of concern
for public health. If, however, all RF chaff were of those sizes, it would only be 0.006-0.0016%
of those particulates emitted annually in the U.S. Based on the MOA (military operating area)
for use of RF chaff, and using accepted air transport models and conservative estimates for
setthng and areal distribution, average rates of deposmon were estimated to be 8.7 and 12 g ha™
yr''; a direct weight estimate was 2.8 g ha” yr'. Therefore, RF chaff (which is comprised of
40% aluminum and 60% silicon, the two most common elements in the Earth’s crust) introduces
only 1/50,000 and 1/5,000 the amounts of silicon dioxide and aluminum oxide in the top 2 cm of
soil in the areas where it is deposited. Based on available data and analysis, the environmental
fate of released chaff is likely to be deposition of whole fibers directly on the soil surface. It is
possible fibers could be broken or abraded; even so, most of the fragments would be too large to
be respired into the lungs.

Respirable air particles are those which lodge in the lungs and, if toxic or hazardous, cause lung
damage. Ambient air concentrations of RF chaff are calculated as 0.036 and 0.0061 pg m" 3 for
NAS Fallon and Patuxent River NAS, respectively. For example, if chaff were actually PM;, or
PMS, s, it would contribute 0.5% and 1.2% of the PMo and PM, 5 background concentrations of 7
and 3 ug m” for Nevada, respectively. Epidemiological studies of workers in glass fiber
production show no evidence of glass fibers of the size and type used for RF chaff causing lung
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damage. Aluminum toxicity is possible, but epidemiological studies among workers are
equivocal.

The maximum amount of aluminum ingested by cows from chaff would be only 1/100,000 of the
maximum tolerable level of soluble Al in the diet (based on the areal depositions above). No
toxic effects were found in feeding massive doses of chaff to calves. Toxic effects are unlikely
through the rumen due to pH effects. Negative pulmonary effects are unlikely for the same
reasons as they are unlikely in humans.

Deleterious effects on marine and freshwater organisms are unlikely because siliceous spicules
(similar to chaff particles) are already part of marine and freshwater sponges that are natural
parts of those ecosystems. Furthermore, toxicity tests using marine organisms show no
deleterious effects at appropriate exposure levels.

Of the several open questions noted in the 1998 GAO report on RF chaff, only the extent of
break-up and abrasion of chaff, and the resulting shapes and resuspension chaff particles, are
considered significant. It is recommended that these studies be done. Because degradable chaff
is being developed for environmental and operation reasons, it is recommended that its
environmental effects be evaluated in a systematic, integrated research program conducted
consistent with approaches in this report and through the leadership of a qualified scientific
program manager.

Summary Findings and Recommendations

e Chaff particle concentrations in air of chaff-affected areas are 1/100™ of allowable limits set
by EPA and less than 1/10™ of the natural background concentration for suspended soil
particles.

e Deposition of chaff, even under areas of intensive use, is hundreds of times less than the
annual deposition of dust in the southwestern U.S. The chemical composition of chaff is very
similar to the chemical composition of desert dust.

e Estimated U.S. chaff emissions are several orders of magnitude less than the U.S. mass
emissions estimated by the U.S. EPA for dust, vehicle exhaust, power generation and
industrial emitters.

e Deposition of chaff does not result in the accumulation of toxic or otherwise undesirable
substances in soils.

o The risk of exposure for humans through inhalation or ingestion is considered negligible
because chaff fibers are too large pass through the nose or mouth or do not exceed known
toxic thresholds.
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Inhalation and ingestion exposure to domestic livestock and non-domestic grazers is
considered minimal to nil. Nutritional values of chaff are low and comparable in composition
to soil.

Marine and freshwater organisms exposed to relevant levels of chaff are unlikely to exhibit
effects in their growth or development.

Previous studies on the environmental effects of chaff failed to consider realistic chaff
exposure levels. Extremely high, non-relevant exposures were used to predict an effect.

Of the open questions identified by the GAO, only resuspension, abrasion and exposure of
chaff were identified as requiring additional research efforts by the DOD.

The panel recommends that the DOD address the following questions related to the
- resuspension and fate of chaff:

1. What fraction of emitted chaff breaks up in atmospheric turbulence into respirable
particles?

How much chaff is abraded and resuspended after it is deposited on a surface?
What are the shapes of chaff particles after abrasion?

What is the empirical terminal deposition velocity of chaff?

What is the spatial distribution of chaff under different release and meteorological
conditions?

Nk

6. How do chaff emissions and expected concentrations compare to emissions and
concentrations from other particle emitters over the time and areas where chaff is
released?

7. What quantities of inhalable chaff are found in communities near training

facilities where chaff is released?

Degradable chaff is under development. However, the environmental effects of this material
are unknown, and current DOD efforts fall short of demonstrating degradability, ultimate
fate, and environmental effects.

Further, the panel recommends an organized program addressing the environmental effects of
degradable chaff.
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Introduction

In 1998, the U.S. General Accounting Office (GAO), the investigative arm of the U.S. Congress,
prepared a report for the Honorable Harry S. Reid, Senator, Nevada on the environmental effects
of chaff. The GAO report entitled, “Environmental Protection: DOD Management Issues Related
to Chaff (GAO Report, GAO/NSAID-98-219, September 1998)” is incorporated in full in this
report (Appendix B). In that report the GAO concluded, “[the] DOD and the services have
developed ongoing initiatives to address certain concerns raised by the military’s use of chaff,
These initiatives include plans for increased liaison with agencies such as [Bureau of Land
Management] BLM, [Fish and Wildlife Service] FWS, and [National Weather Service] NWS.
Nevertheless, the public, DOD studies, and other federal agencies continue to raise questions
about the potential adverse effects of chaff. DOD has not systematically followed up to
determine whether these questions merit further action. Further, the Navy has initiated a
degradable chaff research and development program but has not yet completely analyzed the
operational and environmental benefits it expects to achieve.”

Furthermore, the GAO recommended that the Secretary of Defense direct “the Secretaries of the
Army, the Navy, and the Air Force to determine the merits of open questions made in previous
chaff reports and whether additional actions are needed to address them...”

The Assistant Secretary of the Navy for Installations and Environment (ASN I&E), in
consultation with his counterparts in the Air Force and Army, recommended that a Blue Ribbon
Panel of non-government scientists be established. The Panel was asked to review the
environmental effects of radio frequency (RF) chaff used by the U.S. military in training
exercises in and around the continental United States (CONUS) and to make recommendations
to decrease scientific uncertainty where significant environmental effects of RF chaff are
possible. And to address, where appropriate, open questions raised by the GAO report as
follows:

 long-term and chronic exposure to inhaled chaff fibers;

» resuspension rates of coated and uncoated chaff fibers;

* weathering rates and chemical fate of metal coatings in soil, fresh and marine
waters;

» review of threshold metal toxicity values in humans, animals, and fresh and

marine organisms;

evaluation of potential impacts of fibers;

respirability of fibrous particles in avian species;

aquatic and marine studies to establish the impact of fibers;

pathology of inhaled fibers;

chaff accumulation on water bodies and its affect on animals;

bioassay tests to assess toxicity of chaff to aquatic organisms, and;

the potential for impacts on highly sensitive aquatic habitats.
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Panel Charge. The panel was charged with the following:

o Review available reports on the environmental effects of RF
chaff released during military training.

o Assess chaff reports using the following criteria:

- appropriateness of the scientific questions being asked;
- soundness of methodology and approach;

- completeness of the study and;

- consistency of results with comparable studies.

o Identify information shortfalls preventing adequate assessment of
significant chaff impact in an environmental context.

o Prepare a report that assesses the present scientific certainty and
uncertainty of the environmental effects of RF chaff and
recommend additional actions to decrease scientific uncertainty
where significant environmental effects of RF chaff are possible.
Specifically, “determine the merits of open questions made in
previous chaff reports and whether additional actions are needed
to address them.'”

Panel Composition. The panel members were selected from a pool of candidates with expertise
in areas that could address the open questions identified by the GAO report. The panel was
composed of academicians with expertise in of disciplines, which include: environmental
engineering, soil biogeochemistry, toxicology, medical pathology, agronomy, public health, air
quality management and marine biology. Specifically, each panel member was selected because
the research they conducted had direct bearing on or applicability to the questions raised by the
GAO.

Panel Review Process. The GAO report was a primary reference document and provided the
panel context. The panel also reviewed numerous available studies conducted related to the use
and environmental effects of chaff (see Appendix C). Briefings on the current research and
development efforts being conducted by the DOD and private sector as well as site visits
provided the panel with additional information.

The panel used a two-phased approach to complete the charge. The first phase was a review of
the studies to date, focussing on the soundness of the study, and data gaps. The second phase of
the review was to assess the potential environmental impact of RF chaff based on its use in
training in specified regions of the U.S., which included a visit to one of the major training sites,
NAS Fallon, NV. Finally, in light of phase two results, the panel assessed whether reanalysis of
existing studies or additional studies should be conducted.

! Environmental Protection: DOD Management Issues Related to Chaff, GAO Report, GAO/NSAID-98-219,
September 1998
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Analysis

To address the issues cited in the GAO report and make conclusions regarding the potential
effects of RF chaff on plants, animals and humans, an understanding of the amount or mass of
RF chaff released, deposited, or remaining in the atmosphere in a given area is required. These
quantitative parameters cannot be precisely estimated or measured. A number of unknown
factors determine the deposition of chaff and its distribution in air and on the Earth's surface (e.g.
soil, sediment, and water). These factors include, but are not limited to: the altitude and location,
prevailing winds, and meteorological conditions where chaff is released.

Owing to the inability to obtain detailed information on these factors, upper bounds are estimated
for the extent to which released chaff might contribute to adverse air quality, dry land deposition
and aquatic deposition. These estimates are made for the entire U.S. and for two case study areas
where chaff is released, the Naval Air Station (NAS) Fallon in Churchill County, Nevada and the
Patuxent River NAS in St. Mary’s County, Maryland near the Chesapeake Bay. These upper
limits are compared to contributions from similar emitters with allowable levels defined by
environmental standards, and with current knowledge of effects of chaff and chaff-like materials
on human, animal and aquatic life.

Chaff Emissions

A typical bundle of training chaff contains ~5 million fibers, each of 1-mil (25 um) diameter and
typically 1 to 2 cm length and composed of glass silicate with an aluminum coating (trace
elements include B, Ca, Mg, Na, Ti, Fe, and F). Each bundle contains ~150 g of chaff and an
example of typical RF chaff bundles is shown in Appendix D. U.S GAO (1998) estimates that
~2.3 million of these bundles are released annually by all services in operational and training
settings worldwide.

Approximately 30,000 bundles of RR-144 (Navy training round) chaff are released per year at
the NAS Fallon. Most of the chaff is released at 15,000 to 20,000 ft. above ground level (agl)

over an area of ~10,000 mi%. Less than 5 % is released below 5,000 ft agl, and less than 1% is
released below 1,000 ft agl (Goetsch, 1999). Low-level tactics are no longer favored as a rule,
due to increased threats, such as shoulder-launched missiles at low altitudes. Actual usage was
38,000 bundles in FY 19972, and 21,000 bundles in FY 1998 (Goetsch, 1999). At the Patuxent
River NAS, 683 bundles were released during 1998 over an area of 2400 mi® (Rock, 1999).

The amount of chaff released worldwide by all services is approximately 500 tons per year (tpy);
the amount released at NAS Fallon is equivalent to ~5 tpy, and the amount released at Patuxent
River NAS is ~0.12 tpy. The 500 tpy release is comparable to primary particle emissions from
some individual U.S. point sources, such as a coal-fired power station.

On a national basis, the total chaff emissions constitute an extremely small fraction of directly-
emitted particle emission. The significance of chaff release in the atmosphere over the U.S. is
provided by comparison to total particle emissions of PM;o and PM; 5, which are estimated by
the U.S. EPA. PM,p and PM, 5 emissions are estimated and their concentrations are monitored

2 The GAO report (p24) states 13,212 bundles used at NAS Fallon in 1997.
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because they are inhalable® and thus have a potential negative human health effect. Particles in
the PM;o and PM, 5 ranges are 10 to 100 times smaller than chaff. Going further, if all chaff
released nationwide were PM, it would constitute 0.0016% of the national releases. If it were
all inPM; s this fraction would rise to 0.006%. These levels are much lower than releases from
any other category.

To provide a perspective on the amount of chaff released into the atmosphere over the U.S.,
Figures 1 and 2 summarize U.S. particle emissions from different source categories estimated by
the U.S. Environmental Protection Agency (U.S. EPA, 1998) for 1997. Particle emissions are
estimated for PMo and PM, 5 (particles with aerodynamic diameters less than 10 pum and 2.5
um, respectively) because these are regulated by National Ambient Air Quality Standards
(NAAQS; U.S. EPA, 1997) to protect public health. Of these particle emissions, fugitive dust
from paved and unpaved roads, construction, agriculture, and wind erosion make up the majority
of the inventory and have compositions most similar to chaff.
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Figure 1. U.S. National Emission in 1997 for PM;o. Source: U.S. EPA, 1998.
The chaff category is included as an upper limit assuming all chaff abrades to the
PM, size fraction. ‘

3 In this context an inhalable particle is of dimensions capable of being transported through the upper respiratory
tract into the alveolar tissues of the lung. In this document the terms respirable and inhalable have similar meanings,
excepted where noted.
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Figure 2. U.S. National Emission in 1997 for PM,s. Source: U.S. EPA, 1998.
The chaff category is included as an upper limit assuming all chaff abrades to the
PM, s size fraction.

The values reflected in Figures 1 and 2 are upper limits for chaff emission calculated as PM;g
and PMs. A U.S. Air Force study® found that chaff particles entering a PM sampler retained
their original dimensions. Their analysis of soil samples in chaff release areas also found that
most dipoles detected in soil retained their original dimensions (no quantitative data available).
Actual equivalent emissions in the PM;o or PM; 5 size ranges would be much smaller than these
estimates because it appears that only a small fraction of dipoles will degrade into particles sizes
less than 2.5 or 10 um.

Further reduction in particle size may occur after deposition, however, when deposited dipoles
are abraded by soils and possibly resuspended. There is insufficient information about the extent
to which chaff particles are broken up by abrasion. The amounts and times of resuspension from
surfaces depends on wind speeds over the surfaces of test ranges, but the total amount cannot
exceed the 500 tpy total if all deposited chaff were reduced to smaller particles.

For Fallon and Patuxent River Naval Air Stations, comparable PM;( and PM; s emissions for
Churchill County, NV and St. Mary’s County, MD, where these stations are located are given in
Figures 3 through 6.

4 Environmental Effects of Self-Protection Chaff and Flares, August 1997, USAF, Air Combat Command
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Figure 3. Churchill County, NV, PM,, Emissions estimates for 1997. Source:
U.S. EPA, 1998.
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Figure 4. Churchill County, NV, PM, s Emissions estimates for 1997. Source:
U.S. EPA, 1998.
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Figure 5. St. Mary’s County, MD, PM, Emissions estimates for 1997. Source:
U.S. EPA, 1998.

1000
H
2 800
2
)
600
u
& 400
o
]
5 ——
200 s, %,
< s,
o"f;l o’oﬂﬂod‘rroooeooﬂooo
20 0 %2 %¢ "> %7 % [Ud % %o % % o % %7
A A A A A 0 K o A o A O v & O QL0 0 <
ST SIS aéo«‘?‘&v\"’ FFTIT T L S EFEEE
S0 T S S T S S T P S T
& 0@06\\ S & Qq,o«d\.\&q, YOO E & &@Qq_o ,3?@00 \‘\oooe o
QO AN QI -
@Qoeoqg. éQ' @@ v.evo «vay e\\e@eo &Q’«\oerov &\OAQ%\O vyc-’ OQV&Q «&Q‘Q’ \\é‘ ooo\’
& &I S F TS EF TS
) < ) C & ¥ ¥ YO &
NI N S L S b G
CERNES e &P
< RN g & 55
) < <
& &
(9 Q@

Source Category

Figure 6. St. Mary’s County, MD, PM, s Emissions estimates for 1997. Source:
U.S. EPA, 1998.
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These figures show that if chaff released in these counties was completely abraded to the PM; or
PM; s size fraction, its emissions would still be very small compared to other emissions within
the county. At most, chaff would constitute 0.05% of PMo and 0.25% of PM, 5 emissions in
Churchill County and 0.003% of PMo and 0.009% of PM, 5 emissions in St. Mary’s County.

Chaff Deposition and Environmental Fate

Figure 7 shows the extent to Wthh chaff is removed from the atmosphere assuming gravitational
settling velocities® of 30 cm s a lower estimate for chaff deposition rates (Cataido et al., 1992).
Estimates are made for release heights of 100 m, 500 m, 1000 m, 5000 m and 10,000 m agl.
Two models are used to estimate residence time (Hinds, 1982): 1) a “stilled chamber” model, in
which particles fall in the absence of atmospheric mixing; and 2) a “stirred chamber” model in
which particles are instantaneously mixed uniformly throughout the depth between release height
and ground level. These extreme models bound the actual atmospheric situation in which a
fraction of particles falls directly to the surface and another fraction is mixed aloft by
atmospheric turbulence. These extreme estimates show atmospheric residence times ranging
from ~10 min for the majority of chaff dipoles released at 100 m to ~10 hr for most of the
dipoles released at 10,000 m. Observations indicate that chaff dipoles that retain their original
sizes do not stay suspended for long periods. These calculated residence times are longer than
those observed on radar traces of chaff releases.

Deposition in desert ecosystems of the southwestern U.S. The panel was provided with
estimates of chaff deposition in the vicinity of NAS Fallon—for instance, an estimate of 0.04
ounces per acre per year, equivalent to 2.8 g ha! yr'!, was cited (Goetsch, 1999).

For comparison, the panel made two additional, independent estlmates each using a different
approach. Approach 1: It was assumed that 30,000 bundles yr', each with a mass of 150 g, are
dispersed over the area of operations (MOA), which comprises 6.4 million acres at NAS Fallon.
NAS Fallon personnel indicated that the chaff is released over approximately 20% of the MOA,
so it is assumed in this approach that the chaff falls only on thls area of intensive use—5 18,000
ha. The average rate of deposition would then be 8.7 g ha yr', or (0.00087 g m?yr™"). Note that
this calculation provides an upper-bound on the rate of chaff deposmon at NAS Fallon; the
actual deposition rate will probably be much less because chaff is likely to be dispersed over a
much larger area as a result of prevailing winds and atmospheric turbulence Slmllar
calculations for Nellis AFB indicate deposition ranging from 9 to 30 g ha yrl.

Approach 2: This approach was based on estimated atmospheric dispersion rates and chaff
settling rates to calculate an order-of-magnitude rate of chaff deposition on the ground It was
assumed that 1-mil glass fiber chaff is employed, with a settling velocity® of 30 cm s™. A typical

5 Jiusto, JE and WJ Eadie. 1963 Terminal fall velocity of radar chaff. Journal of Geophysical Research 68:2858-
2861, Provides theoretical estimates and empirical measurements of the fall velocity at altitudes ranging from 0 to
20 km. Values range from 62 cm s to 139 cm s, Faster velocities at higher altitudes is associated with lower air
viscosity.

¢ Environmental Effects of Self-Protection Chaff and Flares, August 1997, USAF, Air Combat Command
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scenario is based on wind speeds’ of 30 ft s™ at 10,000 ft agl, 15 ft s at 5000 ft agl, so the mean
horizontal travel is 250,000 ft for chaff released at 10,000 ft agl. The reasonableness of this
number can be confirmed by multiplying an average wind speed of 15 ft s™ (neglecting the shape
of the wind velocity profile) by calculated chaff fall time.
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Figure 7. Fractions of chaff particles deposited after different release times and
elevations above ground level. Mixed and stirred chamber models (Hinds, 1982)
are used to bound atmospheric mixing conditions assuming a deposition velocity
of 30 cms™.

Dispersion of chaff was estimated using the Pasquill-Gifford model (e.g., Seinfeld, 1986) with a
neutral stability category (a conservative approach, because most chaff is released during the
day). The expected patch of chaff on the ground resulting from the release of one round is an
area 8,000 m wide by 12,000 m long (1 std dev.). Release of 30,000 bundles of chaff per year in
a pattern that would distribute such chaff patches along two sides of the roughly square MOA
would result in deposition of ca. 40 fibers m™ yr' on the ground. In actuality, the variability in
release point and atmospheric transport are likely to result in more dispersion. Under certain
meteorological conditions, large fibers or particles can be transported over surprisingly long
(hundreds of miles) distances. For example, particles from the Sahara desert can be transported
across the Atlantic Ocean and deposited in the southeastern region of the U.S. (Prospero, 1999).
Similarly, media reports indicate that chaff released during the Kosovo air campaigns has been
transported over several hundred miles to areas in the Southeastern Balkans.

7 ibid.
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The estimate resulting from Approach 2 corresponds to a positively biased chaff deposition of
approximately 12 g ha™' yr’', within range of the value estimated in Approach 1. Both estimates
are close to the value of 0.04 oz acre” yr' (=2.8 g ha™ yr'") cited for NAS Fallon (Goetsch,
1999). The similarity of the three estimates is probably coincidental, given the many
approximations and assumptions that were necessary; however, it builds confidence that the
correct general magnitudes are known.

These estimates of chaff deposition are consistent with reports of the identification of chaff in
soil samples gathered at Nellis AFB®.  Soil samples were 10 x 10 cm in area and 2 cm in depth.
Concentrations of chaff ranged between 0.02 and 251 mg kg™ of soil, with most samples having
<0.5mgkg". Assuming 1.4 g cm™ soil density, the maximum amount of chaff that was
observed in any soil was about 7 g m?, with most samples having < 0.014 g m>. It would take
about 9.3 yr to accumulate > 0.014 g m™, if chaff is deposited at the rate of 15 g ha yr', a
middle value among the rates calculated for Nellis AFB. Assuming little fiber degradation in
soils, this calculation suggests that the amount of chaff that has accumulated on the ground is
consistent with deposition rates that are less than 15 g ha™ yr’', during the past 50 years of chaff

usage at Nellis AFB.

The calculation of Approach 2 implies an atmospheric concentration of one fiber per 10,000 m®
of air for release of one bundle of chaff at 10,000 ft agl. This is equivalent to an airborne
concentration of 0.003 pg m>.

Deposition of chaff at Patuxent River NAS. Using Approach 1, the maximum rate of
deposition of chaff at Patuxent River NAS was 0.16 g ha™ yr'!. As of the writing of this report,
chaff usage over Patuxent River NAS was 919 bundles in 1999, resulting in the deposition of
0.20 gha™ yr'. These estimates are more than 10 times lower than the deposition calculated at
NAS Fallon.

For chaff dispersed by mortar rounds from naval vessels®, the estimated deposition is 53 dipoles
ft* for the area of deposition under a single round that disperses chaff at a height of 300 ft. This
deposition corresponds to 170 g chaff ha™. This estimate is much higher than deposition
calculated for the southwestern U.S., where the altitude of chaff release is much higher and the
calculations are long-term averages for the entire MOA, rather than for the area directly beneath
a single release. The estimate of 170 g ha™ yr” represents an upper-limit of chaff deposition to
be expected from normal operations over land and at sea and is a rare event.

Environmental fate of chaff in air, soils, and aquatic systems. The environmental fate of
chaff includes alterations that may occur between its release and its deposition on the ground,
and the long-term degradation and burial processes that it experiences after hitting the ground.

Chaff fibers experience little breakup before reaching the ground based on the fact that breakup
of fibers would degrade the effectiveness of chaff. Chaff ejection systems subject chaff to
minimal breakup. Because ejection of chaff appears to subject the fibers to much larger forces

8 .1

ibid., p.3-39
? Rapid Bloom Offboard Chaff System Evaluation and Naval Air Systems Command Multi-Frequency Chaff
Evaluation.
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than would atmospheric turbulence, it is unlikely that fibers that survive ejection intact
subsequently break up during their fall to earth.

Although breakup of fibers during ejection is probably not a significant process, this can be
confirmed from radar cross-section data. Because breakup of fibers will significantly affect the
radar cross section of the chaff cloud, radar echoes should be examined for both loss of
reflectivity (relative to modeled data or control studies) at the frequencies for which the chaff is
designed and for appearance of larger-than-predicted reflectance at higher frequencies, due to the
presence of short fragments. It is possible that such a study could be conducted at minimal cost
using existing data. The panel recommends that this be considered by those having the
appropriate radar expertise as well as access to classified radar cross section data, as a part of the
additional studies recommended.

Geochemical significance of chaff deposition. Chaff is approximately 60% glass fibers and
40% aluminum by weight (Rock, 1999). To put this in a geochemical perspective, the
deposition of chaff can be compared with airborne dusts found in the high desert environment.
The comparison to desert dust is relevant because the composition of dust is dominated by
silicon dioxide (Si0,) and aluminum oxide (Al,Os), which are the most common minerals in the
Earth’s crust (Pye, 1987).

Reheis and Kihl (1995) measured the mean total deposition of silt and clay ranges from 4.3 to
15.7 gm?yr' in the Mojave Desert of California and southern Nevada. From 1984-1989 these
values are 10,000 times higher than the rate of chaff deposition in this region. However, much
of the dust that is deposited in arid lands may be derived from local sources. Chadwick et al.
(1995) estimate that the net input of silt + clay to soils in northern Nevada ranges from 0.2 to 0.4
g m?yr’', which is 375X higher than the annual deposition of chaff that was calculated for NAS
Fallon.

Windblown dusts typically contain between 50 and 60% SiO, (Pye, 1987), which is similar to
the content of Si in the glass fibers of chaff. Using the reported chemical composition of each
fraction'’, then each gram of chaff deposited at NAS Fallon carries 0.32 g of SiO; (or 0.15 g of
elemental Si) to the soil surface. The glass fibers in chaff contain a small amount of Al, but the
coating on chaff is nearly pure aluminum. Each gram of chaff deposited adds about 0.44 g of Al
to the soil surface. Compared to these inputs, the average soil contains approximately 50 million
times more Si and 5 million times more Al in the upper 2 cm. The remaining constituents in
chaff, dominated by Ca, Mg, and B, are also common in airborne dusts. The deposition of Ca in
chaff is about 5600 times lower than the background rate Ca deposition from the atmosphere in
the southwestern U.S., where the atmospheric deposition of Ca leads to the formation massive
deposits of caliche in desert soils (Schlesinger, 1985).

Ambient Concentrations

Particle size and mass concentration have both been determined to affect the public health
significance of airborne particles (U.S. EPA, 1996, Vedal, 1997). Small particles also have
lower deposition velocities and can remain suspended for much longer time periods than those

' Environmental Effects of Self-protection Chaff and Flares, August 1997, USAF, Air Combat Command , Table
3.2-1, see Appendix C
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indicated by Figure 7. National Ambient Air Quality Standards (NAAQS) for particulate matter
(PM; U.S. Environmental Protection Agency, 1997) specify:

1. Twenty-four hour average PM; 5 not to exceed 65 ug m™ for a three-year average of annual
98™ percentile at any population-oriented monitoring site in a Metropolitan Planning Area
(MPA).

2. Three-year annual average PM; s not to exceed 15 ug m™ concentrations from a single
community-oriented monitoring site or the spatial average of eligible community exposure
sites in a MPA.

3. Twenty-four hour average PM;o not to exceed 150 ug m™ for a three-year average of annual
99™ percentiles at any monitoring site in a monitoring area.

4. Three-year average PMo not to exceed 50 pg m” for three annual average concentrations at
any monitoring site in a monitoring area. -
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Figure 8. Typical distribution of particle sizes in the atmosphere. Concentrations
at larger particle sizes are limited by gravitational settling.

How particles of different sizes are typically distributed in the atmosphere, the size fractions
occupied by PM; s, PMg, and a prior NAAQS for Total Suspended Particulate (TSP) is shown in
Figure 8.

Particles larger than 30 um deposit to the surface within less than an hour after suspension unless
they are injected to or released from high altitudes. This deposition effectively limits
atmospheric concentrations for very large particles. Without substantial decomposition, chaff
particles deposit rapidly to surfaces, as shown in Figure 7.
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The “ultrafine particles” (Oberdorster et al., 1995; Fitzgerald et al., 1997; Kotzick et al., 1997) in
Figure 8 have diameters less than ~0.08 pum that are emitted directly from combustion sources or
that condense from cooled gases soon after emission. Ultrafine particle lifetimes are usually less
than one hour because they rapidly coagulate with larger particles or serve as nuclei for cloud or
fog droplets. The nucleation range is detected only when fresh emissions are close to a
measurement site or when new particles have been recently formed in the atmosphere (Lundgren
and Burton, 1995).

The “accumulation” range consists of particles with diameters between 0.08 and ~2 um. These
particles result from the coagulation of smaller particles emitted from combustion sources, from
gas-to-particle conversion, from condensation of volatile species, and from finely ground dust
particles. Chemical-specific size distributions show that these sub-modes exist in several
different environments (Hering and Friedlander, 1982; Hoppel et al., 1990; Sloane et al., 1991).
John et al. (1990) interpreted the peak centered at ~0.2 um as a “condensation” mode containing
gas-phase reaction products, and the ~0.7 um peak as a “droplet” mode resulting from growth by
nucleation of particles in the smaller size ranges and by reactions that take place in water
droplets. The liquid water content of ammonium nitrate, ammonium sulfate, sodium chloride,
and other soluble species increases with relative humidity, and this is especially important when
relative humidity exceeds 70% (Tang, 1976). When these modes contain soluble particles, their
peaks shift toward larger diameters as humidity increases (Tang, 1976, 1980, 1993; Tang et al.,
1977, McMurry et al., 1987; Zhang, 1989). The ultrafine and accumulation ranges constitute the
“fine” particle size fraction, and the majority of sulfuric acid, ammonium bisulfate, ammonium
sulfate, ammonium nitrate, organic carbon, and elemental carbon is found in this size range.

The PM, s, PM,¢, and TSP size fractions commonly measured by air quality monitors are
identified in Figure 8 by the portion of the size spectrum that they occupy. The mass collected is
proportional to the area under the distribution within each size range. The TSP size fraction
ranges from 0 to ~30 pm, the PM, fraction ranges from 0 to 10 um, and the PM; 5 size fraction
ranges from 0 to 2.5 um in aerodynamic diameter. No sampling device operates as a step
function, passing 100% of all particles below a certain size and excluding 100% of the particles
larger than that size. When sampled, each of these size ranges contains a certain abundance of
particles above the upper size designation of each range (Watson et al., 1983; Wedding and
Carney, 1983). As a result, it is possible for a small fraction of chaff partlcles to pass through the
size-selective inlets that are used to separate PM;o from other particle sizes.

The following are reasonable to worst case assumptions to estimate the largest increments in
ambient PM,o and PM; 5 concentrations that might be contributed by chaff emissions:

1. All released chaff abrades to sizes less than 2.5 or 10 pm. As noted above, it is probable that
only a small fraction of released chaff achieves sizes <10 um and that an even smaller
fraction (<<1%) achieves sizes <2.5 pm.

2. All chaff released during a year remains suspended within the borders of the continental
United States or of a specific air station practice range. As shown in Figure 7, it is probable
that most of the dipoles settle to the surface within less than a day after release; remammg
chaff would be transported beyond U.S. borders within a few weeks.
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3. Chaff is released at 5,000 m above ground level and mixes evenly throughout that altitude.
Higher concentrations at lower altitudes imply deposition to the surface that would quickly
reduce ambient concentrations. This is within the range of altitudes estimated for most naval
chaff releases and an elevation at which particles can remain aloft long enough to be
transported long distances from the release point. Non-depositing chaff particles released at
lower altitudes would eventually be mixed within the troposphere over a yearlong period, as
evidenced by the penetration of long-lived halocarbons to the stratosphere.

With these assumptions, a 500 tpy chaff release would result in an annual average concentratlon
of PM;o or PM, s over the continental United States (area 3,539,341 mi’) of .01 b m>. If one-
tenth of these emissions were dispersed over the state of Nevada (area 109,895 mi®), the annual
average concentration would be 0.032 pg m>. For NAS Fallon a5 tpy release over 10,000 mi’
would result in an annual average concentrat1on 0f 0.036 pg m™. For Patuxent River NAS, a
0.12 tpy release over 2400 mi’> would yield an annual average concentratlon of 0.0061 pg m™

The same upper limit concentration estimates would apply if all chaff were released and mixed
through the specified volume in a day or even within an hour, since no deposition losses are
assumed. In reality there are higher concentrations just after release before the chaff plume
disperses in the atmosphere. If operations are confined to the designated test areas, however, off-
site concentrations should not exceed these upper limits. These are far below the annual average
NAAQS of 50 pg m™ for PMjo and 15 pg m™ for PM, s that have been set to protect public
health.

These levels are compared with spatial distributions of background PM,, and PM; 5
concentrations in Figures 9 and 10 (courtesy J. Sisler, National Parks Service, Ft. Collins, CO).
These isopleths include data from monitors in populated areas at Lake Tahoe, CA and
Washington, D.C. that do not represent background levels, but most of the monitors are distant
from nearby emitters.

Within the continental United States, annual average background PM;, concentrations range
from a minimum of 6.4 pg m™ in northern California and western Nevada to 20 pg m™ along the
eastern seaboard. For PM, s, concentrations are lowest at 2.9 to 3.3 pg m™, in the inland west,
including Nevada, Utah, Wyoming, northern Arizona, and western Colorado.
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Figure 9. Annual average PM;( concentrations (ug m™) from 1988-95 at
IMPROVE regional background sites in the continental United States (James
Sisler, National Parks Service).

The PM, s fraction is chemically characterized in the IMPROVE network and soil-related
elements are used to estimate the geological contribution to PM; 5. Chaff would be perceived by
this network as part of this fraction. Figure 11 shows that these soil levels range from 0.2 ug m>
near the west coast to 1.0 pg m™ near the east coast. Soil concentrations in the inland western
states are ~0.5 pg m~. These background levels are more than ten times the highest levels that
chaff might contribute with extremely conservative assumptions about particle size and
deposition rates.
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Figure 10. Annual average PM, s concentrations (ug m™) from 1988-95 at
IMPROVE regional background sites in the continental United States (James
Sisler, National Parks Service).

FINE SOIL
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Figure 11. Annual average geological contributions (ug m™) to PM,.5 from 1988-
95 at IMPROVE regional background sites in the continental United States
(James Sisler, National Parks Service).
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Effects of Chaff on Humans

The size of chaff dipoles is too large to be easily inhaled by humans. Figure 12 (Phalen et al,,
1991; ACGIH, 1993; Heyder et al., 1986; Swift and Proctor, 1982) shows the fraction of
particles with different sizes that deposit in different parts of the human body when particle-
laden air is breathed. The aerodynamic diameter of a chaff dipole cross section (~40 pm) is also
shown. Most particles larger than 10 um are removed in the mouth or nose prior to entering the
body. Ten to 60% of the particles passing the trachea with aerodynamic diameters less than 10
um may deposit in the lung where they might cause harm. The lung deposition curve is bimodal,
peaking at 20% for ~3 pum particles and at 60% for ~0.03 um particles. These curves show that
the amount of particles larger than 2 or 3 pm transmitted through mouth-breathing is significantly
larger than the amount transmitted when breathing takes place through the nose.

Extreme abrasion would be needed to reduce chaff to these size ranges. The most probable
breakup of a dipole would be perpendicular to its length, with remaining particles having a
diameter similar to the dipole radius, with an aerodynamic diameter of ~40 um. Figure 12 shows
that only a very small number of these particles pass through the upper respiratory system into
the lung.
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Figure 12. Human deposition of particles in the mouth, nose, trachea.
Deposition varies with breathing rate, as indicated by curves measured at rest,
normal, and exercise breathing rates.
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A relevant analogy is that of the Bedouins of the Sahara desert, who live in a sea of sand, which
is composed of silica (silicon dioxide). Silica is a common, well-known cause of nodular fibrosis
of the lungs. However, the Bedouins do not get silicosis (nodular fibrosis of the lungs due to
silica) because the sand particles are not of a respirable size. They are too large to inhale into the
alveolated portion of the lungs and produce disease.

Human lungs at autopsy contain a mixture of respired dusts, some of which are capable of
producing disease. These include carbon (anthracotic pigment), silica, silicates, iron, and
asbestos. In most cases however, no disease attributable to these dusts is seen, because their
concentrations are too low. Even if abraded chaff particles reached the depths of the human lung,
the fraction would be small compared to inhaled dust from other sources any disease would not
likely result. Since fibrous glass and aluminum oxide in chaff are relatively nontoxic, disease
would be unlikely. A much more toxic substance such as asbestos can produce serious lung
disease, but even asbestos has a threshold level, below which no disease is produced.

Airborne chaff fibers have not been epidemiologically associated with human disease.
Nonetheless, concern for possible ill effects on humans has been voiced by the public and echoed
in newspapers (Mullen, 1998; Ropp, 1999) from areas near chaff dispersal. Though no human
data on chaff toxicity exist, its possible toxicity can be assessed with studies on fibrous glass and
aluminum. The National Institute for Occupational Safety and Health (NIOSH) published a
recommended standard for occupational exposure to fibrous glass, including a review of
previous studies on fibrous glass and health risks (US Department of Health, Education and
Welfare, 1977). These studies investigated the health of those primarily involved in the
manufacture of fibrous glass products. Effects on skin and mucous membranes and respiratory
effects were reviewed, including epidemiological studies. Smaller lengths of glass fibers were
irritating to the skin, but sensitization, an immune response, did not occur. Similar mechanical
irritation could also occur with exposure to the eye or nasal or oral mucous membranes. These
problems were self-limited and avoidable.

A few individuals had lung disease due to aspiration of plugs or masses of glass fibers, but in
several case series, no chronic disease was detected. Most studies are epidemiological, and often
the degree to which the subjects being studied smoked was not investigated. Two diseases
would be primarily found in such studies: fibrosis (scarring) of the lungs, an irreversible
disabling chronic disease, and primary cancer of the lung proper (carcinoma) or the pleura
(malignant mesothelioma). The majority of these studies showed no significant differences
between glass workers and non-exposed controls, and no difference between mildly and severely
exposed glass workers.

In one study, an excess of cases of glass workers dying of “nonmalignant respiratory disease”
was noted (Bayliss et al., 1976). The precise nature of the diseases was not stated, and exposure
to other dusts in other occupations was not excluded, nor was the role of cigarette use. A more
recent publication states that fibrous glass is not associated with an excess of death from
nonmalignant lung disease (Ameille et al., 1998). The workers in the above study (Bayliss et al.,
1976) were exposed to 80,000 glass fibers m” of air; fibers had a median diameter of 1.8 um and
length of 28 wm. Thus, these fibers are much smaller than chaff and were more likely to have
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been inhaled. The atmospheric concentration of the fibers also was very much higher than any
concentration, which could be achieved in open air.

Enterline et al. (1983) and McDonald et al. (1990) studied workers in 17 plants that had
produced most of the fibrous glass and mineral wool from 1940-1952. The authors concluded
that: “Respiratory cancer deaths were not excessive for the fibrous glass workers...” and “This
study provided no consistent evidence of a respiratory disease hazard related to exposure to man-
made fibers among the workers who produce these fibers.” There was again an excess of
nonmalignant respiratory disease deaths, but the increase was not related to amount of exposure
to glass.

Weill et al. (1983) studied workers in seven plants that produced man-made vitreous fibers
(MMVF), which includes fibrous glass. No abnormalities in lung function were found in the
workers, and chest film showed only very mild abnormalities in a minority. The authors
concluded: “In general, however, the minimal evidence of respiratory effects detected in this
investigation, which cannot, at present, be considered clinically significant, is encouraging
concerning the question of potential health effects of exposure to MMVF.” A review of MMVF
in 1998 came to a similar conclusion: “At the present time there is no evidence of a
pneumoconiosis risk in workers exposed in either glass, rock or slag wool production plants.
This is probably due to the low respirability and low persistence of these fibers when compared
to asbestos”(Ameille, 1998). No increased risk for cancer was found as well.

A study of autopsy lung tissue from 112 workers employed in plants where MMVE’s, including
fibrous glass, were manufactured was carried out to search for the burden of these fibers (Weill,
1983). Nearly three-fourths of the lung samples contained no MMVEF’s. The remaining 26%
contained MMVE’s in very low levels. The fibers appeared to be partially degraded. Fiber
concentrations did not correlate with years of occupational exposure. Thus, glass fibers do not
appear to accumulate in the lungs of those most heavily exposed to such fibers.

The above studies were in humans exposed to glass fibers of respirable size over long periods of
time at concentrations far exceeding those possible in the open air. Still, the effects of this
intense exposure were trivial; in most comparisons of glass workers with non-exposed controls,
there were no significant differences. No excess cases of cancer or lung fibrosis were detected
(Gibbs, 1998). A Committee on Environmental Health of the American Collage of Chest
Physicians put it this way: “Fiberglass inhalation seems to produce a minimal tissue response in
the lungs...There is no evidence to indicate that inhaling fiber glass is associated with either
permanent respiratory impairment or carcinogenesis....”(Gross, 1976).

Aluminum is a very common metal in the earth’s crust and thus is a part of the natural soil layer.
This light, durable metal has many uses and manufacturing involving aluminum is widespread. It
is estimated that nearly two million people in the United States are exposed to aluminum as part
of their occupation (Nemery, 1998). However, lung disease due to aluminum is a controversial
topic. Some say aluminum does not cause any lung disease (fibrosis), while others claim to have
seen rare examples of lung disease due to aluminum. All agree that “parenchymal lung
disease...appears to be very uncommon.” (Nemery, 1998). The few cases reported appear to
have been heavy exposures to respirable-sized particles during manufacturing, an exposure that
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should not have occurred. Other cases of disease may involve exposure to silica as well, as well
as other chemical bound to the aluminum. Thus the aluminum itself may not be at fault.

Various authors conclude that aluminum exposure is not associated with an increased risk of
cancer. Rarely, it may cause pulmonary fibrosis if large numbers of respirable particles are
inhaled (Nemery, 1998; Chip et al., 1998). Considering the large number of workers exposed to
aluminum, the likelihood of harmful exposure appears extremely small. Exposure in the open air,
as from chaff, would not result in disease because the concentration of aluminum/glass particles
is so low and the particles are too large to be respired.

As discussed in other sections, nearly all chaff fibers are too large a size to be respired. The tiny
number of fibers that could be inhaled because they are of respirable size or have degraded to
such a size are insufficient to produce disease. Persons occupationally, that is, heavily exposed to
the components of chaff fibers are at no increased risk for lung fibrosis or cancer. The
components of chaff, that is, glass and aluminum, do not have any proven fibrogenic or
carcinogenic potential. This is very different from certain types of asbestos fibers, which are both
fibrogenic and carcinogenic. In summary, available human data on chaff and its components fail
to show an increased incidence of lung disease.

Effect of Chaff on Domestic Livestock

Nutritional effects due to chaff ingestion. Given the chemical composition of chaff and the
limited potential for exposure of grazing animals to chaff fibers, it is highly unlikely that any
harmful effects are to be expected due to chaff ingestion by livestock. Chemically, chaff fibers
are very similar in composition to predominant minerals in the earth’s crust, Al,O3 and SiO,.

Although the aluminum in chaff exists as relatively inert metallic aluminum coated on the glass
fibers, it could be postulated that after ingestion some of the aluminum could be leached during
passage through the gut. While there is no information in the literature to document toxic effects
due to metallic aluminum ingestion (Sorenson et al., 1974), conditions do exist in the gut that
(theoretically at least) could give rise to some aluminum solublization. Salts of aluminum can
interfere with animal nutrition. As Al aluminum can interfere with phosphorus absorption and
cause secondary phosphorus deficiency in both ruminants and non-ruminants (NRC, 1980). The
primary factors that affect the severity of aluminum toxicity are the amount of aluminum, the
solubility of the aluminum, and the level of phosphorus in the diet. Bailey (1977) and Valdivia
et al. (1978) found no adverse effects of feeding soluble salts of aluminum to calves at rates of
up to 1200 mg kg™ aluminum in the diet. Similar investigations with sheep showed no adverse
effects up to 1215 mg kg™’ aluminum. Based on these studies, the National Research Council
(NRC) recommends that the maximum tolerable level of soluble aluminum (AI"™) for cattle and
sheep is approximately 1000 mg kg™ in the diet. Research on the effects of aluminum on non-
ruminant animals has been confined mainly to turkeys and chicks (Cakir et al. 1978; Storer and
Nelson, 1968). The NRC recommendation is that dietary aluminum from soluble salts for non-
ruminants should be limited to approximately 200 mg kg™. It also should be noted, however, that
although the NRC recommendations limit Al ingestion at the high end, there is some evidence
that feeding limited amounts of Al salts can actually improve animal performance (Dishington,
1975; McManus and Bigham, 1978).
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The degree to which any given amount of aluminum metal leaches from chaff in the gut will be
determined by two factors: the ambient pH, and the residence time of the chaff particle. In
general, conversion of aluminum metal to Al requires a pH of 5.0 or lower. Rumen pH rarely
drops below 5.4 and is normally closer to 6.0, depending on the nature of the diet. Again,
depending on diet, the mean residence time for a particle in the rumen is about 24 hours. The pH
of the abomasum drops to 4.5 and the remainder of the hindgut is somewhat lower. Rate of
passage at this stage is variable but usually rapid, ranging from several minutes to several hours
(G. Varga, personal communication). Because of the fine fibrous nature of chaff, it is possible
that some of the material could collect over time and form “hairballs” in the rumen that could
remain for a considerable period of time. Indeed, actual hairballs have been found in cows
during post-mortem examination of rumen contents. It is also possible that chaff fibers could
collect in the villi of the omasum, which is a filtering organ between the rumen and abomasum.
Like the rumen, however, the omasum is usually well-buffered and non-acidic. It is also
relatively dry. Thus it is unlikely that any significant amount of aluminum in ingested chaff
would be exposed to internal conditions long enough to render it toxic to the animal.

Nevertheless, a “worst possible case” can be calculated, based on estimated daily dry matter
intake and potential for chaff ingestion by cows in the NAS Fallon area. Beef cattle consume
somewhere around 2% of their body weight daily as plant dry matter. For a typical 550 kg beef
cow, the daily feed intake would be approximately 11 kg dry matter. If all the aluminum in
ingested chaff became the soluble (A1) form, 11 g of A1"® (11,000 mg AI™ per 11 kg feed)
would need to be nutritionally available daily to reach the 1000 mg kg™ dietary threshold for
toxicity determined by the NRC. This is highly unlikely given that the conversion of Al to N
is very slow in the dry, non-oxidizing environment in Nevada and the annual loading rate for
chaff (at least for NAS Fallon). Mass balance calculations (See "Chaff Distribution", above)
showed that < 20 g ha™ are deposited per year over the test site. The highest expected stocking
density for livestock on good rangeland is one animal unit (cow or cow-calf pair) per 2 ha. Thus,
one animal unit would have access to 40 g (40,000 mg) annually, not daily, of which only 16 g
(40%) would be aluminum metal.

Finally, when all of this information is put in proper perspective, it is clear how minuscule a
threat chaff presents to livestock, at least nutritionally. Coming back to the soil, aluminum in
soil can range from 4 to 30% of the dry matter (Allen, 1984), and is present in various forms,
including silicate clays, hydrated oxides, phosphates, and in ionic form. Grazing animals are
known to consume considerable amounts of soil, with soil intakes inversely related to the amount
of available plant material. Soil intakes as high as 400 g day™ have been observed for grazing
ewes (Healy, 1967), and 1.3 kg day for cattle (Mayland et al., 1973) with no negative effects.
Clearly, the contribution of chaff aluminum to the large mass of native aluminum potentially
ingested is very small indeed and poses no conceivable threat to livestock.

Physical effects due to chaff ingestion. Because of its fibrous glass composition, chaff does

have the potential to cause physical harm to gut mucosa if ingested. Very little research has
examined this potential. One unpublished study, a report to the Director of Canadian Electronic
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Warfare'' fed aluminum coated fiberglass chaff to beef calves (approximately 180 kg live
weight) at up to 7 g day™'. It is instructive that a preliminary investigation found that the animals
rejected the chaff outright, and that the material had to be evenly scattered over the grain ration
and thoroughly mixed with molasses before the calves would eat it. The feeding treatments
were applied for up to 39 consecutive days, during which time no differences were shown
between chaff-fed and control animals in terms of weight gain or blood chemistry. Post-mortem
examination, including a detailed histological examination of sections of the entire gut showed
no lesions. Small chaff fragments found trapped in between the villi of the reticulum did not
appear to have provoked any cellular reaction. Based on these results, MacKay'? concluded that
long-term tests for chronic toxicity were unwarranted. In another unpublished study at the
Pennsylvania State University (R. Adams, personal communication), 1.8 kg of chaff was fed
daily to dairy calves. “No adverse effects were found in the several animals receiving such over
an appreciable period of feeding.” Both of these sources of information indicate that ingested
chaff poses no threat to animal health.

Inhalation hazards to livestock. Most of the research addressing inhalation hazards of glass
fibers has been conducted either on humans or laboratory animals (CDC, 1977; Lee et al. 1979).
Results of this work (reported in a section above entitled, "Chaff and Other Atmospheric
Particulates") should apply to domestic livestock as well. Suffice it to say that because of their
size (15-25 um diameter) the primary fibers are not considered to be capable of being inhaled.
After they deposit on the ground, however, they can be fragmented to smaller sizes through
abrasion and erosion. The degree to which this occurs is unknown, and warrants an experimental
approach as suggested in the section below entitled, "Remaining Questions and Experimental
Approaches.”

Chaff and Its Effects on Marine and Freshwater Ecosystems.

There are three possible ways chaff could affect aquatic systems: 1) by the addition of aluminum
and glass to these systems, and/or; 2) by the particles themselves on the ecology of aquatic
organisms, and/or; 3) by transmission through the food chain, such as to ducks that feed on
aquatic organisms.

As has been pointed out in previous sections, Al,O3 and SiO; are the most common minerals in
the earth’s crust. Since ocean waters are in constant exposure to crustal materials, there is little
reason to believe that the addition of small amounts of chaff will have any effect on either water
or sediment composition.

We can consider estimates of amounts of glass and aluminum added to the ocean by human
activities in forms other than chaff. As an example, Clean Ocean Action gives data for beverage
cans and glass bottles picked up on New Jersey beaches in 1994. About 5 kg km™ of bottles and
450 g km™ of beverage cans (assumed to be aluminum) were collected. The total beach shore of
New Jersey is about 200 km in the counties that participated in the cleanup. If we assume the
debris came from the shore to 1 km offshore we would have about 0.45 g ha™ yr'! of aluminum

1 The Ingestion of Fiberglass Chaff by Cattle, Canada Department of Agriculture for the Director of Electronic
Warfare, Canadian Forces Headquarters, 1972.
2 ibid.
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from beverage cans. This is of the same order of magnitude as the estimated chaff deposition
over the Chesapeake Bay. Of course, there are other sources of aluminum metal in both fresh
and ocean waters.

Studies of the effects of water exposed to 1000 mg L™ chaff on freshwater water fleas (Daphnia
magna) showed no effect, although the animals were not exposed directly to the fibers”. In
another series of tests, Chesapeake Bay animals were exposed directly to the chaff fibers. Blue
crabs, menhaden and killifish were force fed whole and broken fibers for several weeks at
concentrations up to 1000 times that to which they would be exposed in the Bay. No effects
were observed. There was no significant effect at 10 times the environmental exposure (the most
concentrated level used) in one-day-old oyster larvae. Nor were there significant effects at 100
times the environmental exposure in 10-day-old oyster larvae; at 1000 times the environmental
exposure, there was a small effect on larval size. Polychaetes were tested at 10 times the
environmental exposure with no effect, although some of the worms used the chaff in their
burrows. In summary, these experiments indicate that aquatic organisms exposed to chaff levels
that occur in Chesapeake Bay do not show any effects from the chaff'.

When considering the possible effects of chaff particles themselves on aquatic systems, we can
ask whether or not there are natural particles of a similar nature to which these systems and their
inhabitants are already adapted. The siliceous spicules of some sponges are similar to chaff.

The most abundant shallow water sponges in the oceans are in the subclass Monaxonida of the
Demospongiae (Hyman, 1940). All of these sponges have siliceous spicules, composed of opal
glass. All freshwater sponges also contain siliceous spicules. Freshwater sponges are common
in clean ponds, lakes, streams, and rivers. They occur throughout North America. Barton and
Addis (1997) described them in six drainage basins in western Montana. Sponge spicules come
in different shapes but many are simple, straight, needle-like objects, made of SiO;, often with
sharp pointed ends. Some representative spicule sizes from the marine sponges of British
Columbia are from 1-30 um in diameter and from 40-8500 um long (Smecher, 1999). Chaff
fibers are about 25 um in diameter up to centimeters long. Sponge spicules are therefore about
the same diameter as chaff whether it be whole or split longitudinally (if that happens).
Unbroken chaff fibers are much longer than spicules, but it is highly likely that interactions
between chaff and animals will occur with fibers that have been broken and therefore more like
spicules.

Sponge spicules are present in sediments from both geological and recent times in freshwater and
marine sediments (Cohen and Davies 1989, Harrison et al., 1979). Freshwater sponges are
abundant in Okefenokee Swamp in southern Georgia, a wilderness area over which chaff is
dispersed during air training. Some samples of peat from Okefenokee swamp contain up to 3%
siliceous spicules from freshwater sponges (Cohen 1973). In Florida lake sediments, sponge
silica averaged 31.5 mg g~ (Conley and Schelske, 1993). To put this in context, 30 mg g would
be about 6 mg g™ of wet sediment assuming 80% water content. The chaff deposition at

13 Aquatic Toxicity and Fate of Iron and Aluminum Coated Glass Fibers, Haley, M.V. and Kurnas, C.W., US Army
Chemical Research, Development, and Engineering Center, ERDEC-TR-422, 1992.

1 Effects of Aluminized Fiberglass on Representative Chesapeake Bay Marine Organisms, Systems Consultants, Inc
under contract to the US Naval Research Laboratory, 1977.
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Patuxent River NAS was a little over 0.2 g ha™! yr'!. If we assume sediment deposition on the
average keeps up with sea level rise of about 2 mm yr' and sediment density is about 1, the chaff
concentration at Patuxent River NAS over the long term would be 10 ug g™, over three orders of
magnitude lower than the sponge silica in Florida lake sediments.

Aquatic animals contact spicules in the ordinary course of their lives. There is also evidence that
animals that feed on sponges ingest the spicules without damage. Freshwater sponges are the
most important invertebrate food for juvenile ring-neck ducks (Mcauley and Longcore 1988).
Crayfish feed on them (Williamson 1979) and a Brazilian fish eats them so regularly that it is
used as a collecting mechanism by sponge experts (Volkmer-Ribeiro and Grosser, 1981). In the
sea, sponges are eaten and their spicules found in sea urchins (Birenheide et al., 1992), euphausid
shrimp (Ritz et al. 1990), clams (Osorio et al., 1987), larval king crabs (Feder at al., 1980), and
hawksbill turtles (Ernst et al., 1994). It is clear from these examples that aquatic organisms get
along with sponge spicules. They do not eat sponges to get the spicules, but they ingest the
spicules in the course of eating the sponges. They handle the spicules without harm. Since chaff -
fibers are of similar composition and size once the aluminum chips off and the fibers break up,
aquatic organisms should have no difficulty dealing with those they may encounter.

While sponge spicules provide a reasonable analog to the RF chaff, they are extremely rare
compared to diatoms, the frustrules (cell covers) of which are composed of silica. Diatoms are an
important component of both marine and freshwater food webs and are routinely ingested by
many types of zooplankton and fish larvae. The bulk of the silica passes through the digestive
system and is packaged into fecal pellets. Silicoflagellates and radiolaria are other groups of
aquatic organisms that incorporate silica into their structures. It should also be noted that silicon
dioxide is soluble in water, the actual solubility is dependent on the specific form.

Open Questions and Degradable Chaff

Open Questions. A number of open questions were identified in the GAO report with respect to
the environmental effects of RF chaff. Those questions were:

e long-term and chronic exposure to inhaled chaff fibers;

e resuspension rates of coated and uncoated chaff fibers;

o weathering rates and chemical fate of metal coatings in soil, fresh and marine
waters;

e review of threshold metal toxicity values in humans, animals, and fresh and
marine organisms;

e evaluation of potential impacts of fibers;

o respirability of fibrous particles in avian species;

e aquatic and marine studies to establish the impact of fibers;

e pathology of inhaled fibers;

o chaff accumulation on water bodies and its affect on animals;

« Dbioassay tests to assess toxicity of chaff to aquatic organisms, and;

 the potential for impacts on highly sensitive aquatic habitats.
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In light of the analysis described in the body of this report and the scientific studies to date, the
panel concludes that only two significant questions remain regarding the environmental effects
of the current RF chaff used in training and should be considered for further study. Specifically,
the resuspension rates of chaff fibers and their physical fate (considered above as weathering
rates) should be addressed. Guidance as to the scientific questions that should be asked in such
studies and suggested experimental approaches are provided in the Panel Recommendations
section below.

The current data and “upper bounds” estimates significantly reduce the uncertainty of
environmental effect to the remaining open questions identified by the GAO. While some of
those questions may be important in scientific pursuit, there is just not enough evidence to
suggest, given the current use of chaff, that addressing these questions will yield significant
results or further our understanding of environmental effects in general.

Degradable Chaff. The DOD is currently developing degradable chaff, which is driven by both
environmental and operational needs. There is not a strong sense by the panel that a well -
planned programmatic approach to addressing non-engineering issues has been developed. Two
studies are known that address ecotoxicity of degradable chaff. But a cohesive program to
address environmental concerns, such as those that resulted in a request for a GAO investigation
of standard chaff (RF chaff used to date), has not been identified. This leads the panel to
conclude that as degradable chaff moves from the R&D stages to use in training that the research
addressing environmental issues will be spotty and result only in response to pressure placed on
the DOD. The panel recommends that a small to modest program with a scientific program
manager be established. The program manager, in consultation with a scientific advisory group,
should develop a cohesive realistic set of projects to address real environmental issues that may
result with the use of degradable chaff.

Panel Findings

o Chaff emissions. Although chaff particles are much larger than the PM;y and PM, s particle
emissions estimated by EPA, total U.S. emissions are orders of magnitude less than those
from suspended dust, vehicle exhaust, power generation, and industrial processes. This is
true for the United States as a whole and for counties surrounding test areas where chaff is
released.

o  Chaff concentrations. Under worst case conditions that assume no deposition and complete
breakup to respirable PM;o and PM, s, chaff releases will not provide more than a 0.05 pg m™
over current ambient concentrations. This is less than one-hundredth of the particle levels set
by U.S. EPA to protect public health. It is less than one-tenth of the PM; s geological
concentrations found at U.S. background monitoring sites.

e Possible nutritional effects due to chaff ingestion: Risk is minimal to nil for both humans and

livestock, considering the chemical composition of chaff (essentially identical to soil) and
low chaff loading to the environment.
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e Possible physical effects due to chaff ingestion: Ingestion of glass fibers conceivably could
induce lesions and other harmful responses in either humans or livestock. The limited
studies conducted on ruminants, however, have shown no harmful effects in feeding trials
lasting several weeks. A definitive answer to the question of long-term exposure would
require further research.

e Possible inhalation hazards to livestock: Primary chaff fibers are too large to be inhaled by
livestock. Secondary fibers, resulting from the break-up in the environment to smaller fibers,
possibly could be small enough to be inhaled. To be a significant inhalation hazard these
secondary fibers must be resuspended in the air and transported in sufficient quantities to a
location where they can be inhaled. As above, a definitive answer will require further
research.

e Aquatic animals are exposed to siliceous sponge spicules at sizes similar to chaff often at

much higher concentrations than chaff and have been through geological time without
damage.

Panel Recommendations
e The panel recommends that the DOD address the following questions related to the
resuspension and fate of chaff (guidance is provided in the following section):

1. What fraction of emitted chaff breaks up in atmospheric turbulence into inhalable
particles?

2. How much chaff is abraded and resuspended after it is deposited on a surface?

3. What are the shapes of chaff particles after abrasion?

4. What is the empirical terminal deposition velocity of chaff?

5. What is the spatial distribution of chaff clouds under different release and
meteorological conditions?

6. How do chaff emissions and expected concentrations compare to emissions and

concentrations from other particle emitters over the time periods and areas where
chaff is released?

7. What quantities of inhalable chaff are found in communities near training facilities
where chaff is released?

¢ Further, the panel recommends an organized program addressing the environmental effects of
degradable chaff
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Remaining Questions and Experimental Approaches

After examining the available information, the following questions remain to be answered by
experiment. The experiments outlined for the questions below can be conducted for the different
types of chaff used in the U.S. using existing expertise and facilities.

What fraction of emitted chaff breaks up in atmospheric turbulence into inhalable particles?
Simulate worst-case chaff breakup in the laboratory by placing a known quantity of chaff into a
fluidized bed and agitating it for 24-hours (or longer) while sampling the atmosphere above the
bed through PM,o and PM, s inlets onto filters. The fluidized bed agitation and the accompanying
abrasion of adjacent fibers should exceed expected turbulent movements found in the
atmosphere. Weigh the filters to estimate the quantities of PM;o and PM, s produced per unit
weight of chaff. Weight the chaff before and after agitation to determine the total amount lost to
the atmosphere. Sieve the chaff before and after agitation to determine changes in large particle
size distribution (presumably none of the long fibers will penetrate the >100 mesh sieves, but
broken up portions of fibers will penetrate).

How much chaff is abraded and resuspended after it is deposited on a surface?

Simulate chaff suspension in a laboratory wind tunnel by depositing a thin layer on soil surfaces
similar to those over which chaff is released. Worst-case abrasion could be simulated by using a
loose surface with maximum abrasion potential. Chaff would be evenly mixed within this
reservoir to maximize abrasion by the loose soil particles. Sample onto Nucleopore filters that
can be examined microscopically to determine the quantity of chaff in different size ranges.

What are the shapes of chaff particles after abrasion?

Obtain samples on Nucleopore filters and examine them under an electron microscope.
Determine the fraction of abraded particles that are amorphous and those that form respirable
fibers. Apply x-ray analysis to individual particles to determine the extent to which the
aluminum coating separates from the glass fibers.

What is the empirical terminal deposition velocity of chaff?

Release a known quantity of chaff from atop a fall tower onto a continuously recording
microbalance. Determine the equivalent velocity for 10%, 50%, and 90% of the falling fibers to
reach the surface. Infer the orientation of chaff falling in still air from this distribution. Cataido et
al. (1992) used the theoretical approach of Liu et al. (1993) to determine an equivalent Stokes
diameter that is the basis for estimating terminal velocities. This theory is based on the prolate
spheroid model of Fuchs (1964). While Liu et al. (1993) experimentally showed that this
aerodynamic diameter could be used to estimate PM;, inlet properties, they did not address
gravitational deposition of large chaff particles. The degree to which the oblate spheroid model
represents actual deposition of these dipoles is unknown.

What is the spatial distribution of chaff clouds under different release and meteorological
conditions?

Record NEXRAD images of chaff releases in areas where test ranges are in the proximity of
sensors. Analyze these images for duration and intensity of chaff distributions after release.
Map zones of influence and superimpose these on population density and land use maps.
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Determine the extent to which flight operations can be coordinated with meteorological
conditions to minimize the impact of chaff deposition on sensitive areas.

How do chaff emissions and expected concentrations compare to emissions and concentrations
from other particle emitters over the time periods and areas where chaff is released?

Repeat emissions comparisons and worst-case concentration calculations for specific counties
over which chaff is expected to have an influence. Use more specific information about
quantities released at different altitudes within and around county boundaries, fractions abraded
to PM;o or PM; 5, size and spatial extent of the chaff cloud, and other emissions within affected
counties.

What quantities of inhalable chaff are found in communities near training facilities where chaff
is released?

Acquire samples of particles on filter media over long time periods and examine them
chemically and microscopically for the quantity of intact and abraded chaff. Daily and weekly
average samples are taken throughout an entire year in representativé communities. Radar and
wind measurements are examined to determine when nearby communities are most likely receive
chaff particles. These samples are submitted to appropriate analyses to determine the relative
contributions from chaff and other PM;o and PM, s sources. Properties to be sought are
determined from the same analysis applied to chaff that has been subjected to abrasion.
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AFB, Air Force Base

ASN (I&E), Assistant Secretary of the Navy
for Installations and Environment

BLM, Bureau of Land Management
CONUS, Continental United States
DOD, Department of Defense
FWS, Fish and Wildlife Service
GAO, General Accounting Office
MMVF, man-made vitreous fibers
MOA, Military Operating Area
MPA, Metropolitan Planning Area

NAAQS, National Ambient Air Quality
Standards

NAS, Naval Air Station

NEXRAD, Next Generation Weather Radar
NRC, National Research Council

NWS, National Weather Service

PM, s, Particulate Matter less than 2.5
microns

PM,, Particulate Matter less than 10
microns

R&D, Research and Development

RF, Radio Frequency
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TSP, Total Suspended Particles
USAF, United States Air Force

US EPA, Environmental Protection Agency

Units of Measure

c¢m, centimeter

ft. agl, feet above ground level
ft, feet

g, gram

ha, hectare

hr, hour

kg, kilogram

m, meter

mg, milligram

mi, mile

min, minute

s, second

std dev, standard deviation
tpy, tons per year

um, micrometer

ug, microgram

yr, year
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Appendix A

Biographical Sketch: Panel Members

Steven L. Fales
Professor of Agronomy
Pennsylvania State University

Dr. Steven Fales is a Professor and Department Head of Agronomy in the College of
Agricultural Sciences, Penn State University. Dr Fales is also the Director of the Grazing
Research and Education Center, which focuses on environmental sustainability and profitability
of animal agriculture through better use of grassland resources. Dr. Fales' research focuses on
crop management, forage crop quality, physiology, and utilization; plant-plant and plant-animal
interactions in pastoral environments; pasture management; ecology of intensive grazing
systems. He is a member or officer of a number of research councils. Dr Fales is the author or
co-author of over 30 refereed journal articles, several book chapters, and numerous bulletins and
other publications.

Harold F. Hemond
Professor, Civil and Environmental Engineering
Massachusetts Institute of Technology

Dr. Harold Hemond is William E. Leonhard Professor of Civil and Environmental Engineering
and Director of the R.M. Parsons Laboratory at the Massachusetts Institute of Technology. Dr
Hemond's research focuses on biogeochemistry, groundwater quality; and environmental
instrumentation. Currently, he and his colleagues are studying major reservoirs and human
exposure pathways of chemical contamination on the Aberjona Watershed. They have developed
techniques for in-situ measurement of the disappearance rates of environmental contaminants in
streams, and have characterized specific microorganisms within a microbial community involved
in biodegradation in order to determine the predominant organisms either directly involved or
indirectly involved in degrading toluene, a model environmental contaminant. Much ongoing
work focuses on the transport of arsenic in the waters of the Aberjona, sediment processes that
govern mobility of arsenic, and plant uptake processes of this toxic metal. Prof. Hemond is an
author of Chemical Fate and Transport in the Environment, a widely used university textbook.
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Theodore L. Hullar
Director, Cornell Center for the Environment
Cornell University

Dr. Ted Hullar is the Director of Cornell's Center for the Environment at Cornell University. Dr.
Hullar is the former Chancellor of the University of California at Riverside and at Davis and is a
Professor Emeritus in the Environmental Toxicology Department at UC Davis. As Director of
the Center for the Environment, he is responsible for establishing major grants, one or more new
undergraduate environmental degrees at Cornell, and new program initiatives such as for
watersheds, environmental informatics, and integrated natural and social science programs.
Other objectives include assisting and providing leadership for development of a new public
policy and public affairs program, multi-college programs for environment, and new forms of
state- and federal-Cornell relationships.

Petros Koutrakis
Professor, Environmental Sciences
Harvard University

Dr. Petros Koutarkis is a professor in the Environmental Sciences Department, School of Public
Health, Harvard University. Dr. Koutrakis' research activities focus on the development of
human exposure measurement techniques and the investigation of sources, transport, and the fate
of air pollutants. In collaboration with his colleagues in the Environmental Chemistry
Laboratory, he has developed an ambient particle concentrator that can be used to conduct
human and animal inhalation studies. He has also developed a personal ozone monitor, a
continuous fine particle measurement technique and several other sampling methods for a variety
of gaseous and particulate air pollutants. These novel techniques have been used extensively by
air pollution scientists and human exposure assessors in United States and worldwide. Dr.
Koutrakis has conducted a number of comprehensive air pollution studies in the United States,
Canada, Spain, Chile, and Greece that investigate the extent of human exposures to acid and
oxidant air pollutants that may effect respiratory health. Recent research interests include the
development and evaluation of new technologies that can be used to characterize human
exposure to and health effects of air pollutants such as particle filters and diffusion denuders. Dr.
Koutrakis is Technical Editor-in-Chief for the Journal of the Air & Waste Management
Association.
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William H. Schlesinger
Professor of Botany and Geology
Duke University

Dr. William H. Schlesinger is James B. Duke Professor in the Department of Botany at Duke
University, where he holds a joint appointment in the Division of Earth and Ocean Sciences of
the Nicholas School of the Environment. Completing his A.B. at Dartmouth (1972), and Ph.D. at
Cornell (1976), he joined the faculty at Duke in 1980. He is the author or coauthor of over 125
scientific papers and the widely-adopted textbook Biogeochemistry: An analysis of global
change (Academic Press, 2nd ed. 1997). He was elected a member of the American Academy of
Arts and Sciences in 1995.

Currently, Dr. Schlesinger focuses his research on the role of soils in the global carbon cycle. He
has worked extensively in desert ecosystems and their response to global change-often leading to
the degradation of soils and regional desertification. Currently, he serves as Principal
Investigator for the NSF-sponsored program of Long Term Ecological Research (LTER) at the
Jornada Basin in southern New Mexico, where he examines changes in soil chemistry and soil
erosion that accompany the desertification of semiarid grasslands. Past work includes studies of
the formation of caliche in soils of the Mojave desert of California, the contribution of wind
erosion to the chemistry of rainfall in the southwestern U.S., and studies that link the distribution
of overland flow to the distribution and abundance of desert shrubs.

Richard E. Sobonya
Professor of Pathology
University of Arizona

Dr. Richard Sobonya is the Director of the Residency Program and the Division Chief of
Anatomic Pathology at the University of Arizona College of Medicine. Following a fellowship in
pulmonary pathology, Dr. Sobonya spent two years at the Armed Forces Institute of Pathology in
the Pulmonary-Mediastinal Branch. He then joined the faculty at Kansas University Medical
Center. He became a faculty member at the University of Arizona College of Medicine in 1977,
and was a participating investigator in a multidisciplinary NIH grant on the epidemiology of
obstructive lung diseases for 15 years. His special interests, besides lung pathology, include
directing the Autopsy Service and participating in electron microscopy, muscle pathology, and
cardiac pathology. Publications include over 80 original articles and chapters in several texts on
pulmonary pathology. He is a Fellow of the American College of Chest Physicians and the
College of American Pathologists.
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John M. Teal
Professor Emeritus
Woods Hole Oceanographic Institution

Dr. John Teal is a Professor Emeritus at the Woods Hole Oceanographic Institute and Director of
Teal, Ltd. Environmental Consultants. His research over the years has focused in the following
areas: wetland and coastal ecology, especially salt and brackish marsh ecosystem structure and
function; fish nursery value, nutrient cycling, hydrology, productivity, eutrophication, marsh
restoration, pollution effects and environmental risk; groundwater influences on water bodies,
groundwater contamination with nutrients; wastewater treatment by natural and artificial
wetlands; petroleum pollution and hydrocarbon biogeochemistry; coastal marine ecology
including dune and beach ecology; and aquaculture and fisheries. Dr. Teal is the author of more
than 140 peer-reviewed scientific papers, ten articles in popular publications, four encyclopedia
articles, six children's articles on oceanography, and four trade books. Dr Teal is a member of
several editorial boards, scientific panels, and scientific advisory boards.

John G. Watson
Research Professor
Desert Research Institute

Dr. Watson is a Research Professor at the Desert Research Institute of the University and
Community College System of Nevada. His research includes the development and evaluation
of measurement processes, receptor models, and the effects of measurement uncertainty on
model results. Major projects that Dr. Watson has participated in include the development of
receptor modeling and data analysis software and its integration with source and receptor
databases. Dr. Watson is principal investigator for the California Regional PM;o/PM2 5 Air
Quality Study, the Mexico City Particulate Study, the Southern Nevada Air Quality Study, and
the Fresno PM; s Supersite. Dr. Watson was previously principal investigator, or a major
participant in the Project MOHAVE study of regional contribution to haze in the Grand Canyon,
the Mt. Zirkel Visibility Study to determine haze contributions in the Mt. Zirkel Wilderness in
northern Colorado, and the Northern Front Range Air Quality Study to determine contributions
to PM, s near Denver, CO. Dr. Watson has more than twenty years of experience in the study of
suspended particles and is the author or co-author of more than 100 peer-reviewed publications
and more than 150 technical reports.
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Appendix B

Environmental Protection: DOD Management Issues Related to Chaff, GAO Report,
GAO/NSAID-98-219, September 1998
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United States
General Accounting Office
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Titernational Affates Bivision
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the potentisl for chalf particles wo be inhaled or ingested sad chiulf's
effects o Lzl water, planes, ant animals,
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e bes vergory. Aceordiag o the manafacnrer, rhat¥ cnoaining fead was
fast myanufictuced i F9RT The proportien of Tead by chaff dropped from
ahoul L2 ounecs {7.5 pereentd por pooed To the 1550 w0 0.1 ounces

{1 percend by TH8Y,

The Alr Foree the Nave, and the Mavtw Carps aee b Jeading users of
chafll Adr Foree rocords indicate they iesed nearly 2 million 6 2o Vounes
bundles warkdwide in fiscat vear 1996 and aboue LR million Sagadles i
fiseal year 1997, Navy and Morine Corps aireradt togethey expeaded ooore
thae 34000 and 353,000 sindlarly steed buadies in fiscal years 1996 and
VT, rosprectively. They alss reported using E58 rolls i fiscal yeor 1806
and 395 ralls in fiscal year P97, The Aoy comvendy mses very fitte chiall
Lt Bras the caprabilitg touse 8 from some of #ts dicopters, The Avmy
used &tk of only 8700 burdles of chat from Fseal yoar 1991 1w 1897,
Army officials seported they plan i ncrease training with chafl and we
developing rhafl and dispensing equipment to be used on kod hased
vehiches, {See app. |Hor the various types of chaff used and app, 1 fur datas

s

onreporied chafl use by service and by selecled location )
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27548505

The serviees use chad? on trainic
uses abost i ranges by the Unit
the Marine Corps use 14 ranges. The Air Force
and 7 Burnpean congiries and 2 sanges i Kors
Muzine Corps have ] range in
dews net use chafl on any of ils rang
e uses chafl at White Sands Missd
Cuses Dugwvar Fronving Grounds for ! §
¢ ships trairowitlochalf in most of the workds Btermational
ca} ships perform chafl teses a

s, e Ay Fo

tinsting. Na

waters. Navy officials stated tharn
evabuations 0 ps o angees off the L
thie states and oflshore oeations near e Unlted Srares wheee olall s

[IRINEN

Figura 1: $1ates tahaded) srd Of-shore Ranges Whare Chatl [s Used

Environmental Effects of RF Chaff

ranges arovnd the world, The Alr Fome

atd

s ehie My

S sin 1 African
weowhnile the Navey and the
oding i Aroy officads, the Ay
kit the nt oy serviees on. Por
Rarge. and the
vy shig cledt acceptn

wi

cast et west cansts Figure 1 shows
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Environmental Effects of RF Chaff

R2¥G055

The tethods aaed ro disperse chall bive evolverd aver the vears, from
siossing itout sf alrplane windows o furching i0with
Joaded nr prewizic pebines, Corvently, she servires use
pyvlechoic clirges, rockets, mortars, air Dows. or mstars 16 disperses
chiafl, Many afeerad employ pyrotechnic charges that gjecs chalT fo bests
sevalf bendlis welghing abre B owwees, while orhers ase ale Hows b
disperse electd chell The Kavy uses small rockets o lsunch eleborne
chiarges contiieing 8.5 porads ol chaff and shiphorne ciarges contalning
164 povameds of clall. Navy ships can also lmoch moentar-Jike charges of
chaft waighing betwesn 16 aad 24 pounds, Motors Teed ehaff frons rolls of
whiaut A1 ponnds theouph cutrens’ careiedd sy soroe sirceaft in produce
either bussts or xcontimous steeanm,

The continous streans technique, called saturation chatt, may be used by
adreraft to cover a large aroa. By 2000 or 2004, the Arey also plans 1o use
savmatiany chalT ia mask vehicle sand tronp movesents, Using a cotley,
360 pounds of chall fram mine A0-poaund eolls can e deployed in 1)
mantes, Depeuding an the wathad amd e aumbes of alrorafl, such
seleases could dispeese biflions of fibers, The B 52 cat carey about 76)
seven eunce hoxes of chaffh each box cantatas up 1o 11 aillion fibers tha
can b oxpelled cominsously o o bursss, )

Maost efafl Bunicles ceotaio yafllives of filses, For exsapli, the chalf
Baudles used raost by she As Foree {RR-188) andd the Xavy

(RR-F4) contadn move than & mithon indiviioal fibers carh, and the
Mavy's Zuni rocket warhicad (RIRESZ1 cortalis more than 100 widllisg
fitwees

weTE il

o . r ) Stadivs arhl

QUCS{%OHS [:OHU_I] tj{? to poreaial efferes, Fugthesmame. our disou sowilsh officials feomn DoD,
Be Raised L»Oncefmﬂg athee Tederal sgenciy. and the private sector indieate that e are
Known and Potential additivnal questions aboar the effects of chafl. Aniong these are the known
effects of chaff nr varioos iypes of radar and 1 potentdal effecrs o beslth

Effects of Chaff ardd the enmironmens,

Air Foree 1997 Re port Ten shidies fsee app. T oo the effects of chaff Tiave been arried aut ever
Summarizes Past Chaff the past 45 vears on request by the Aoy, Nave, Alr Force, National Goard

Ruscatw, st Cansdign Forees Headguarees® Ao Aagost 1897 repurl e

Research

B4y Bked 1t B gy od siarinarais aranits ol chat e atie ssesinnd Gl

g i iadde ft e e becdnie irs
6 IR

“hRtemah i was thi py!
g0y g ke pin ol sbhalhy

S diindes spusrens yor
Cepdite T vd ey as
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Environmental Effects of RF Chaff

R27I55

the U8 Adr Foree Alr Combar Comumand was the mest revont and
comprefensive review of the effects of caff. The report Inclades orlginal
study as well as revlows of most of the previeus reports. fLeited the
follemsdng categarivs this o bie alTected Dy the use of rhal® safely air
quality, plivsical resources Usoil and weuter), biglogical reseiroes, and Jasd
and vudiural rosonrees, Mose ksown chafloffivts Tall Inte the safnry
vatepory, while potentlal effects fall Inte the other catepotles. The
Folloreing sectioms sunmarize the kaowen and poterstial effects descrtbet i
the Air Farce repn

Safety The report snted that while chadl is effective ot confusing votmy eadar, B
abw fnterfers wirle adre traffie control rader, The vepost sald thar ohall had
iterfond as least teice with Foderat Aviation Achoinioration (1as) radar
bt adled that such events could be effertively avaided or managed,
Acearding to the report. safity risks Jeomm the use of chall are extren
fone and Bupacts oo aivermes, aireralt o the pulilic ave not anticipatey
For exanupsli, the repart foaed 11 no cidests of Ghafl nterfering with
satellie Lracking: () vwo recorded incidents of wilivary Bghicer alrorad)
interfeting whliFa LBt details were wiavallali; {33 no
dovumentation iat chaff bad caused alroeal eadae systews 1o falsely
jdentify nparby eraffics (3 no evitlenca of an aireesft engine failing afror
ingesting chall; sod (0} no reported acctdents in which pilets were
dixtracted By ohatt

This veport states that e prinsay safeey conceni is the ponemital T
irtterferonce whh Fax’s air traffi ek radtar bud noges that Dors s Bad
fave agreed 1o restrict locatlons, altigades, and times at which chall can be
wsed, The repor Calates thil g poveer type ol ohafl i does val interfere
witls Fan radar s reacdily avaitable.

Ade Quality Adg guadity issues adelressed focshe repart fsclude the povendal for
(1} noncompliance with patiena! air quathy standarids doe o e redease of
significant quartitios of particolases, 21 release of Tiazardsos uir polfutan
emissions, and (3 visibility impainnent. The report takes into
consideration the Clean Abr Aot and s aneasiments god nckades a
Hreranere rovies of chaff dispersion and ale gualiny effecrs as well @ e
cranr Apedl 1999 echinieal cogort an oledl particulate testing,

The report's literature review shows that none of the previous studies bad
acddiessedd the pussible frmation of Inbalable panticutates o Bsues
related do complianee with the Clean Air Act, But the ceport Binlicates

PR UR e Ry et rca iy Upt Fustronsearal Beometion oy Toaet ni el Sy slatdlads
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Environmental Effects of RF Chaff

R.2¥50855

sonw incousistencies i the ceported size, use, and manufacure of chaff,
Fhe veprart cited a partivalao test showing that potestial effects woudd Aot
excped air guality starnlards, even tlmvwm\cplnmwfh,u 1o o Dipulse
cavtridges may resull i minkoal releases of particaiaes. I}nt TR SE8YS
that further study snay he needled on the potential for shoredeem visthiliy
ipalement wear traindng arcas where Tarpe quastitios of chattar wsexd,
Howewer, 1 says that ehafl dispersed over aowitke area and settled gulckty
i partioatae testing, Bs cotwlusions assume chadl containing lead is o
Jonper hedng used, Arcording 10 noy, there haer Been no reports of
shert-term visibilivy impairmens cacsed by chaff,

Sesil and Water Tiee report savs that the chessdeal or physical effeces of chafl on soil and
st woubl e very laiten buecause chstl falls ooly nsimall guantites

Ay ane kaation, i eites potential effects oo wi tellifee through ingestion,
inhatation, or skin comast: on spenies, habitat congitions, asd sestheties
thirsugh setsling s the water st oy water gualiy. The report inclodes a
Tilgrature review, a laboratery analysis, and fivld stodies 7 laeiariones
swhiere ghalf s frequently ased. One focation §s arid desery (Nedlis Range
Complex. Nevadi) ang die siber humsld woodbands (Towasend A o
Cround Guaners Range, Gearglal.

The repoet notes that the Beraare addrossing the effects of chadf on water
spuliny Al aguatic uhitars fs o ‘dl‘stﬂ Pt Klwers s B ne
systensatic anabysis ol che exposest tr varbous
coawergriations of chafl [y clies w0} 'H? \‘i\ y report that Tommt o mereass
in sluitnn or trace segals from clsaf placed toowater, The Ale Foree
report nates that chalt's parential 1o adversely affect the environment
cepends an the guangity depusited e pasticelas area, the fibers” stabilivy,
ther sperific camlitioes af the soil aod wabier, and the spesitiviey of the
envirannwnl o rontamisants. Tt states that the likelilusond of chaf! falling
Inta a partiealny poadd, stream, or estuiny i sulficteno quantiog to

; nzvastrably sffect the water's chemtca! mgheap i nomote,

Binlogical Resousces The ceport addrrsses the potential bialopical effects of chal pn wilidlife
e 1o dnhalation. log wn, and divect contact as well as the effecis of
chatl on vegetatica mad aquatic W of chalt decanposiag in sof or water,
The Adr Feace seported no adverse bopacts Trom chalf aod said thar chadf
i ety nonxde, However . fawe studies of the effeets of chaflan
wildlife liave beee conducted, and the repert fund na dsta onchafts
decontsitdon pracess apder different coviromrsdal comlivions (b
alkaline, wor, avidic or inside the digestive systems of aninals, The study
inehides # Titerseure review. fold studivs, and tharatoey duflly‘ v af sl
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Tand and Cultural Resourees

Environmental Effects of RF Chaff

s

Vi 2#disi

samples taken at Nellis and Towsseod, the two military range arcas
studied The re a 1072 Cannda Bepartmens of Agcdouree study
that Found vo health hazards to taom anbmals, The Al Force study also
cited 2 provieos repost an the Chesapeake Bay coosysteny it Tound o
rpacts on e i narine Gryanisms studisl?

The Abr Foree sty reperts te following

Animals candnhale chalf paricles, but the pactisles do sot penereate far
fita the respiratory systomn aod can be casily cleaned .

Chalt ihispaeses v a large weea of land, Bislting exposare of grazteg
auinaby, Linle chall acoumilared an die serface of standing water bodiss.,
Surfuce-freding o buttome fovdiog auimals and fish iy ngest chaff bt
this only affeots a few dividual animals and bas & iow impact on species
populations except in the cose of protected speciis.
Thie rnbers of chial T prrticles aee miglipgible because chalf dispersio ovet
a bvpe Band avva, Lo conven rations Of chafT Bmir the Tikelibood tha
Birds would use chafl o neses mnd expnse the yonng,

Clad{ dhsintegranes an i, bodecomposes slowly inarbid areas and has uo
ath erse eflears oo soll cherstoy amd plant groveds, Chafl i
wildlife ts expected a be ey for basand o chaff ose, charari
and uhserved wernraglations

Clhalt decomposing owater Bas no ailveose finpacts oo water chenisiry
aod aguatic Jife Inwel avcas. chadf s covered by plaot growth and dead
leaves, Uhafl decormposes more tapidhe st acidic enviowasems,
whirs doing so it rede oy mngte amoanis of chemicals,

Lesd has not Boer used e the suznafaciure of chafl sinee 19831

3

Latnnel ressenierse issues pshlressed in the report conceened the aconmulation
oof chatl amd ity potsaniah o alter the Sy nse and vissal quality, while
cultural tesoureos issuss sdated 1o the potential for plosicat or chemieal
inpacts to slter the aosthetic selling sad cultural context. The Al Foree
vovisweth applicable faws and other velated fnformation and produced the
fiokt snnles” webmival report. B did nol jdentify any studies that assossed
the iimpacts of chaffon pither Tand vse or roasug quality. oron culoeeal
srsorrces, Mevertheless, acconding o the Ale Foree, while chall dedris
nary b preveeived as annaying oo intrusive, 1 does ol acoamuldabe in
quantleios Hkedy to luve sk impacts. The report states that, overall, chaff

ngense e et e b the
sorankierae vish

tee bt wr sy

Fie
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Other Known Chafl Effects

Effects on Weathe

Environmental Effects of RF Chaff

R2VH55

debrin has low visibitine snd linde effect an the aesthetic quatity ef the
erndronment. While noting that i le daa existed, e study reports daa
common nendestruethve materfals such as chall have listde potensial for
effects, The Alr Forve repeset lates thal the prisnazy potentis] is for chalf
chediris 1y affect she westhetio serting bat that cultoesd resoncees are not
generally Tornted beneath alvspace whees howy choflise Is noncentrated
and examinanons could be done oo a sile spicifle basks, [oooted thal na
researth exists on Natve Amerione concerns about e sesthetie effects of
chalf deposits, '

W
Broughn eat ether kaowess effects tint ot discassod foodee Fullanwing theee
SeCHIIS,

O s ussions with officials from fedesd agencies and the private s

Chalf ran show up o racdar as o folse weather pheromenon sl iniy
affect Hobaning within storms, The Naticoal Woather Service {3ws) began
o observe the seldesprend ad freguent use of clalt i the lage 19805,
whity 1t started nsiog new agl wore sensitive swesthey radar. Rada
abservations show thar elalf can spread ever several huodreds of iniles
ared sty i the @ie for ap e adioe. A seieniist formserly wirh thae National
Cleranic aisd Atmaspharic Admisistration (s0aa), who now perforiss
weathor researcts an e Uiniversily of Oldiabosas, esthoated 8 wondif hivae
faken mors tan 200 billion chalf particles o oreate & radar picdure Taken
in Ardrana in 1997, pow officials statead thay i is fmproballe tha such a
laspe ehafl deploymend oroured outside of combat and 15 wdikety 1o

oo fn any futare s radning ovews, Flgare 2 shows o 1897 avs weather
rislar inage of dhall over Sombern Avbeona, xoas alsa provided piciures
tatkerm sinee L9 i maay other parts of ducconniny arst showing rasdar
jages of chiaff.
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Environmental Effects of RF Chaff

jifrast (i)

Figure 2. NWS Fadar Image of Chatl Plumes Dver Suutl'l-.-rnwlkrixqug and Southwisten New Mexive un_»Out&bvzt &, 1897,

According o xoea offickls and solemists, chaff can e easily idertified
unsder chear skies, but i can phve false readings under olher weathir
conditions and can thus impair the sbility o make acenrate forecasts.
Chaff may be fniprprered as precipitation aod i smee cases could resalr in
fpascurate warnings af severe weather Chatf could therefnre inderfere
witlt ralssions hiat rely on accurate weathor ferecasts, One sosa technica
wepart deseedbes chadfs mterference with noemal waather abseryvatinn
elatia irear lease ban space shuttle Laanch attrepts?

et I apsie o8, WORTDINE Fpacellight

Ut Ulsep s s il WS
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Frivndly Forces Rudar Svstems

Parwers Dntages

Environmental Effects of RF Chaff

R-2790505

sefenssists are mlsa conceroed Hat chaff Hay cause innrcuran

sther daga to be arohived for Inng ees ofimate research studies.
roaralopists can wsuaily correctly identify chall on radar, but amomatesd
svsleans cannot wov listirgdsh chaf? from rainfall, The amomated

iy record shaflas precipitalion ad oversiate the siouns of rdn
sreldved D the database. Rosearchess may therefnre get Inzceirare resuls
from ther sfadies

sosad seiengsts are afso trying to determing whether chalT suppressoes
Hghtning horavse this may abse make it roee diffionln o assess the
weather aecueately ™ Large storms wilt ssually produce froguiont liplitning
strikes 1o the ground, and there is a diveet correlation hefween e sovorily
of @ stonta sl the sanbier of sach stzikes, Hoseever, B s Deen obervixd
that some large storms inside chatl cloweds had e or no lighining, 1f
ehaff reduces lighiing, it conbd cavse forecasiors e waleresdmate U
sevorily af sturms, soss seivntists and @ Undversios of Dldahomns wealher
¢ satied they woukl ke 1 fuether study the effectsaf calfon
tiusfersioeaes oy conld obitain Dusdiog, oo odvcials stated that the
LS. Forest Servioe has wsed chafl for a aumber of vears (o suppress
Hghlug arsd prevent fosese fiees, and xoaa issuerd an environirentsl
frpact statement on lightoing suppression in Oeraber THEL oo believes
the findings of this projert skoubd be reviewed 10 determice the need for
additional snalysis al s vecognized phencmenos peior o exproding
additional Ly,

T

fust as it can cnofase enenny skt ey radar and 3
eclos iy 285 radar, ehall can also aflfect other friendly radar sestems sl
thus Dinder rdlitary adr pradfic contrallons” amd meteosalogiats” supguar Tor
missings aret nperstions. 1 ean also alfecs Neiendly warning and targeting
systets, Avrosding i Army chall grograny officials, chaft on the grownd
can be stirred up by vehieles and can thes lsterfers wih friensdly alrborme
viclar systems. Sltheogl the Aroy stated tis a5 an arca of potential
concers, we found litde documentaton of tese potential wffects. To belp
afleviate the prableny, the Army & developing chaff that will rediece
irerferenee with Frisndiy forees” radar systeres, B hopes te have tas chalf
in the tnvenrory by 200506,

uee Yalse preciphation

Chall cae diceige plectrteal power d i et eleetrical evgiprat
San Dieps Gas and Blectric Company andd Navy olficlals heve identified
faw rstanves I wliah ehafl caused pover cutages b FSRS Dothie fest

5 %'i'l(l‘!i{
TN
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Current DOD
Initiatives and Related
Chaff Management
Issucs

DOD nitiatives for Civilian
Adr Traffic Control

Environmental Effects of RF Chaff

R2THING

cawe. chadl secidentiy blown raer San Dicprs, Califaroia, during a Nawy
exerrise 75 to 200 wiiles fron: the orast affected pewer 1o £5,000
custonmers and disrupred iy sraflic conrol The Navy refmbursed the
power contpany lerwern $AA000 and $G1I00 [or davage. The secnnd
incident nooarred 5 daes Tateragain i San Diego. when a Mavy jor
ndvertealy sheweered poswes nes with ohindP o takeofl, vausing
futerruptions in power sirviee.

Tsvan elfort 1o address the unintended effecrs of chafl pon and the

seavires bave orguing ritatives eelassd e aie tradfic contesl, ehalf use on
pul wils, chafl offeets onowearher, and degradabde chalf Heowover, the
infeiztive todevelop degraduble chadlis imst sopporisad by wi opesationdd or
epviranmental reyuiremens, Aceotding w oGk the need o develop
degeadable chall is supporeed by ies shiigation 1o protect the environment
and s somsitivity fo connvrns exprissed by some wernhers of the public
cver The ose ad shepradability of chalf, Niatwithstanding rheso aciions,
e stions alwsat he potential adverse gllecos of cdadl on healls gl the
eovironrmiesl continne te e raised by various public ferest proaps and
some federat aod stae alficils.! sor's o siodies diseass sonw of th
same quostiors, Do work showsthas s bas not systemativally followsed
e the uestinns being vaiserd (o determing whether they et any
fnther ac tione Also, oot coniuees 0 vetain brad-hasid ¢haft in s
iventary. even though i is wepartedle nn longer beigg usol,

( Hay alr fraffic cootyad
voelar, Pax s pon companents Bave agreed to restricd e wse of chodl andd
aow regqusre military installations wo ohisin elearance when using chafl in
training and testiy seonupIeniy Alsa e training chalf, which is
destgred wot w interfere with Bas eadar frequencies, Faa has estahlished
procedhues for cosrdinating all 20 electeonic countetmeasure missions
and issuos sl vlearanee lotters o militacy Facilities that use chalf,
enrtlindng restrivdons that inchde cangrols cvee wisal kind of clafl can be
wsed, where 1 can be wsed, and the aitiaedes at which i can be released,

The S Force. the Navy, sl the Anny have eoordinated electronis
conntesreares with Bax under a anltiservics instrsetion that was (s
Bsnad in 1854 Avcordiog te oo oficials, an laeerin deaft section 321202

b et S o
e He Siveia b ¥
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Environmental Effects of RF Chaff

R-205005

o the Chairman of the Joine Chiofs of Ssaff manual repluced the
sdthserdoe Instrection e Dctober 1997 wodd s oxperted o be fnallzed in
Qerpber T8 In conwmenting ona dralt of this reporg, | it hus
virkatardly sosoriced chall pse cver caneeras aboat pab fosy.

DOD Initiatives for Chatf laitiaelves betwese a0g and Departiment of {orerdoe age scles are Ledping o
Lise on Public Lancs Hdeanifs and ntniomize the effects of chalf on public lacds. The Plsh and

Wildllie Service {iwst and the Bureau of Land Maragomwenr 0l have
shpmed agreements with individust milivare services by contral chaff use
auer wibidfife reluges. Native Anwrieons’ sosoratiors, s pubiic Tauls
neer midilary training grounds. Examples inclade agrocments signod
Moventier 21,1868, Tor tar Calsea Prieta Navonas! Widhife Rofuge vear
lagke &l Poree Base. Arirana; signed Decembior 22, 8807, for the Desen
Nastonal Wildlife Refuge near Sellis Adr Foree Base, Nevada: 4
June F3OI0GR o the public Jands near Mountain Home Al Fou s,
Tdabio. Many military instalistions bove Tocal procsdares o resteiet the nse
i chadf sear enbranmentally sensitive sseas or populaion cemers, In
1597, brw set up a committer composed of represeatatives from the
addiirary services and civilian ageneles to explore, smaong other issues.
estshliching a palicy on dropping chiaff over goldic laods, whers it may he
comsidered fiver, The Navy it has emtered inte three Hmited
agrrements 1o restior chaff use vvee willlife refeges aod public tands
Lecmse of vancern over possible Brpacts an sensithve spocies,

NOD mitiatives for Chalt o aned componerts ol X0aa have recently begun to identify and piddross
concerss thin rhaftintaleres with weedeher vador dita qard forecasing,
These initimtives have hean midid by the placerment of neww weathor radar
MERHOTS & ajor afitary range weather stations poss frequeney
HETIAEers 1ust now abert range operations officials o halt high-altude
chall draps within a speadlied distnwe from the Kennedy Space Center
prics (s scheduled space-shuttle faunches. Since Pebruary 1995, the Mavy
ard s have hern enscucting coordivated chad¥ drogss to allow X5 radar
1o recosd Known guantities, areas, argl tmes of chaff use, They anticipate
a pretiminay sepore By Seprember |

nove nfficials supgested additinaal recommentations o address chalt's
effects om (he weather, including Improsing 2wy andd o lalson and

ferac o Baviog pob sbert sw oF planied unusual chaff use and laving

Sl s cooperativg e sat DOt EAN XIS bes dusovodaareial ol wions Bl swae wes ther
spssciflagne viabns,
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ool limiting ehaff ase when significan weather s reporied over or near
the yanges. soas oflicialy stased that thelr computey progrons conld (e
mndificd waddress chali elfects eny current torecastisg aaf dera archiving
systenns bue sadd thoess soddifications woulid e eosthy.

I\Im’y’s Initiative for The lavy [s developlig & new tvpe of chall ilposill broak up mose quickly
Degradable Chafl drvreent. Bosays the new chaflis peeded (o ahaiate putdic

i abenust the health and envicomnental effenrs sl chafll, partdvalady
the perreived threst that chafT can be inhsded. Howovre, 1708 has not
depenstrated bowe i willaddvess thwse prablio coaeerns, The oew chall is
Ei{?:‘) e (‘:‘(E“Ji“iihi\‘l'\

Some Navy prograns officials wid us there Is uo operational or
ervibonmertal reguirement o develop & sew wpe of chall and thet the
Navy belivves the chalf currenthy i ose is not harsdul rsecthe envioommen
o acthreat tis health or public safety, However, they achiowdedged that
Fherghass ahatl poesises o thar eriromnent arad ghial sons memiees ol e
public pecceive chialf as eivirorunesatly havndud or oodesiralade. Thesy are
taking action to develap a news degradable ohadl, saying ty thus hoge o
head ofl any prssible restrictions an hafl nse that may resali in
rechictions inimilizary wwaining. non offis sedd its ehiigation 1o

ily to concerns expiesiigd by
sose mentiers of the poblic, It ooted that the offort inchades the
development of gndromeenadly degradabic pants 1o seplace plastic ploces
pressathy used in systems that dispense chaff,

Upfike fhergloss ol the news chadfs bise manerial and ks alamdsam
cogling can fuke & few woeks to0s lew imoniths to break up. depending on
conditions, Developrnent of the new chaf] Degar v Sepraanber 113, and
total developrenss costs ars eseimmated ar abont $38 niillion. Nawy officials
anticipate the new cladl wili be availeble eginning in lscal year 2007 ard
expoct ro bay saly degradable chaflin the futire, They plan to buy abont
ARLUO0 wrordles & yvear through Gacal year 2003, A Mavy program ificial
estimared that & sundle of the new chall will cost abowg 2 percent more
thaus it does carrratly.

No Systematic Follow-Up Stucties by pon and ethers, Including some carviod oud yesrs pgo, continue
on Open Questions fu ervile guestions st guldic’s miod abesut the heahih wind

ervirormendal effects ol chall. Depannsent records indivan thar poo hes
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not systeamatically folloved np on these reports todetermine the merits af
arry ousstanding question or the costs and benefies ol efdressing thens,

While nony of the stadies wa reviewed demonserated slgnifican
aperational or eavivnmentad effects of chaff, Tofrhe DY reports cited gags
it Information o petential eftpets. Bix of tha gine mada na
reenmiendations but ¢ied nissing daja sugges cditionsal studles of
leorsg tese monsdtoring, o cied possitie long-tesm cvhroaie wfeots, Theee
reports recomynendied addinional shdies covering :
exposuer, weathering. or other stady areas. However, D0 bay ot
eovicwcd the secomowndations sod informtion paps cited i the repores
in g compreliensive and systeostin way to assess thol aeevits for fuether
gutians, Por examphe, e Aran’s Temgary 15 ot it ita gaps ad
recomraends that the ong term gisk znel shronle exposurs of inhaled
fiters he evalualed. Specilically, it reconimends

Tutere yeseareh on the resuspension rases of vneoated and comted Bhevs:
staadiis 1o eatablish the weathering ratos aud chisanical fate of puctal
coatings i 3olls, fresh water, and nuwlne walers:
& compeehonsive review of threshold mesal wesiclty values for humans,
animals. aml impareant fresh watae and nacine orpanisins

a serivs of experitnenss w evatasee the potential fnpacts of fibers:

any examivstgon of the respirabiling of Bhrous pactie)es b avian spoctes;
aquatic and marine studies fo estabilish he poteatial impacts of fibees: aed
future oseareh on e pathology of bihaled fibers,

The second and third of the above revonvneradations were partinlly
addressed in the Army’s September 1992 report, Two other repons ol
v addressod the secord rerommemdation.?? We Tound Bmited
eviderre of fallewenp on the ather five seromnenciations,

The BT Abr Poree
data and further re

sty and iy techoleal reports also oite the need for
istchudling long-term studies. Two of the thres
tertiical reparts secooumend fartlier sesearch. One sugposts long-tenm
studies to monitor chadf acrsmulation on water bodies iy igh-uss areas
anid the effeers anarimals using those wates hodies, Another sutes thi
considerastion voukl Be given o monilaring progeaens Tor highly seositive
ervicanments subjected tn eepeatrd ehaff redeasns and eondueting

) ther assess the woxicly of chadl 1o anuatic organisoms,
T Ol eepeart soted (it i some cases € imight be appropeie

\ls A
o £
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rsitive aqnzaz'zc !m'%;imm :hi;l

analyze the ;34:<t<"n:izsl foar il:lglsutls 3 I*;iglal;
BUp L
where chalt is
work,

e questinns simiiae te Mwee In these reports lave boer eited by pablio
fterest groups surh as tose fdentifled carlier. In discussing these
puestions in May and June B8, pow and sorvice alfictals stated this
additional actions were warrnted on fems sush ss follow: U L prevings
studies and chafl™s weatheroelaled elfecrs, These olTicials said they are
mecting to dovelnp steatigios v adrheess the ase and offects of © haft, Tl Ny
said thiese stratepies. whicls have vet s be deflied, could include a
systernatie fulloasup ol ke nlmé} frdingy aned recustmnenshaiuns and
sereening eaviramuental assessoms and Impact SEaterients 10 rnsuee
consistent citation of study resulis, They said eflons witl need 10 be
cnorirated aepong DETIORESIY and eonsld imehude interian condrals
crver chadf s o seesitive fiwvironments,

yaff was

Unneeded Lead-Bascd Dluring the course of oue work, we ieted that some fead based
Chaff Inventories Are s1il bedng held B o00's setive Invergory. Older prndiegons of fodl chaf?

comtained lead aned fosd s kst be toxde and can resalt fn g l‘umhm of
frealth peoblnms As i vesult pon stopped prrehasing Owflwidh Jead, The
Adr Fosree regorted @ does pot expet 16 use any chalfl cootaining lewd sl
e L90F Al Foree sepaort stared dhat icis hghly anlikedy shiat any ehafl
canmaining fead (s sl nuse, Bowever, w » o that the Alr Foree st

dors have chalT conraining lead i s baverttory sad has n plans to
ehiminaie it

Being Retained

We weese provitded a samghe of chaff comtaining fescd st ane o the Air
Fosere bases wo vigied during o review 'Ll mple we ohtalned was of
an aluminum Joil svpe vsed peimantly by B52s. In adidlion, Alr Force
rocords show thae it st bas incies nventory almost A0.000 Landles of © haH
enntaining fead, These records came from Air Poree and Defense Logis:
ARPRIY CEREal IVERLory conltod prints,

f and the sorvic s have develaped omgedop intt i ves 1o scdelress cervain
concerns raised by the mifitard's use of chall. These initiarives inclhude
phas T increased Tabson with sgenctes Such as v, res, and s,
Noverthieless, the peblic, pon shimbies, aued other federal agencies confinue
10 vaise questine alo ﬁw portenttial acharrsece Ments of chafl, 00 Bas ot

Conclusions
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systemativally foltowed up 1o determing whether these guestiony merl
further actiar, Purther, the Navy has initiated a degeadable ohaff research
and deselopment program but has ne vet comgletely analyzed the
pperational and envirommemal henelis iexgeets to achiove. Bastly,
althougph foad Dasad elalf bas non been pradeced sinor 1BET and is no
lonper rpartesd waed, B is A retained s Bsaon's venrnry,

Recommendations W recommend that the Seceetany of Defonse direct

+ theSeccetary of the Nuve vty the casts ansd Beneties of the degeadable
chall prograse bedfore making w production grocurement declsion

+hie Sceredaries of the Avane the Xy, and the Ade Fueee redetermibae the
mesits of open guestions made in previous chalf repors and whethsr
acdditionad artions are needed to aldoess thams il

s Abe Secrotary of The Air Force 1o prepaes o speeifiv pla 1o egsuee 1hat
chall containing Jeail af swveniory comtrad points mud mifitary instalation
In Jacared anad eldngtedd

Ja written cnenrments nua deaft of this report, ton sonesored with one
Findings and recsmmendations, Gee agp, IV,) Dorstated that the Kevy is
develaping inforeativrran te cosrs and bevelins of dogeadalle chafl for
use @ procurinest devisian. 1 stated that e seovices will assess
whether adilitivuial actions are needid 1o addiess ppen guestdons from
previous chall repreels, Bon also sald that aoy iratnleg chafl with lead
wotld b efimibared and that operational chatf wedd be clearly marked
e that i1 couid ondy beossod o et combia roeguiresients, pan alse
provived technival cormnents whirk we Beorporsted where approprinte,

Agency Comments

S cope an d To addhess Elw exiem arfté fucutivaof por’s chalt use, the ksmxvn anl

, potential effecrs of chafl amd inttiatives to mitigatn these effects, we
N’If;‘.thﬂdﬂlﬂgy interviewed and obtained documents fropy officiak at e Departrene of
Liefense, thie pullitare sery compariens of the Nattonal Oceanic aod
Arnsospdierts Adnsnisteation fincloding rhe Office of Ueeanie and

Aueosphiesis Reseaeh and the National Weather Servicee). the Federal

Avdaring Administrasion, the Buvean of Land Masgensent ohe Fishaml
Wildlife Sepvicr, the Epvironmental Procection Agency, e Defeose
Logisties Agenuy, amd the Federal Connnunicatiors Comaissiugn, [n
addition, we speke with srare officials aud athes parties Froo the states of
Nevada, Flosida, Oklahoma, st Arivona, inehsding Native Americans,
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public interest proups. and nterested citizens, m derenmine whesher they
had copceras aliout chall ose or were aware of any health or
coviroemenal offecs, We also vishod chafl anutacmrers’
yepresvngatives w diseuss the production of chall asd the deselogmen of
ghisgrandulsle chadt,

To obtalo informsat o os the extent and Tooatius of chatl use we
praforowd work at the following mil: wstallathons: Falion Naval Al
Sraticn ared Mellis Al Foree Sase Ko plin Al Fares Base, Florida:
and Tuke Air Foree Base ad Yora Marive Corps Air Station, dyizena,
These instadtations condect operations wsieg ehdt as part ol thedr
efectronic counternieasure traintng, At these locations we discussed e
st of chalt, ehe stadivg that have boea perfonued on chall, and pulfic
pereeptlions about the use and effects of chalf frop mititary operations

We reviewed errdiromnental reports and mwsesreh studies, eovizuntomigal
finpact statemints ad assessments, and othier related formation dealing
with sl efTerts wf chad? o deceriine the pnvimsnngatal elfecs ol elall
thiat B been documented. Qur eovies of these ropocts was Hinkted foan
iy of el recommendations, ssaes, and questions they ralsed. We
gresiped thise intes generally relator! categaries to assess the extent in
which ey actions relarerd (o the cmtegories. Wetlid not attenspr 1o anadvze
o st ies were

the content of gach repors, We did pere thae sy ol th
carried ot a nuinber of years ago aml thet teseareh records sweee oot
readily avaitable,

We eonducwd cur review froe Decomber 1997 1o July 1908 (o aceordance

veitle peaerally aceepred goversment audivhng standards,

Uiess you publichs antmunee s oonents eqelicr, we plas no further
distribution of tas report andil U liys aftee s s date, At tme, we
opies availahle la appropriate Sevate and Ho OB RS

will mase

the Seerararies of Delepse, the Aqny, the Navey, and the Air Force: the
Cosmnanedaat of the Marine Corps: apd the Director. Defonse Logistes
Ageney.

Paje 18 CINSEAR-BE 2149 Chall Masageasar tssues

64




Environmental Effects of RF Chaff

RN

ceeneact oo (2023 S12-8412 1 your ar vour stadl have sy
questions vancerning this sepors. Major contribators o this repost are
Histed o appendix ¥

Sinveraby,

Bk J%/ﬁ
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Services’ Use of Chaff During Fiscal Years
1991-97

Tatse IM:. Air Foree Chaft Lised During Fiscal Years 199197 {bundios)
Fistal ynar
1983 1894

i AT

Chalf typs 1931
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X f
L fodn A
s <t g i
i €3 ] fi
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Tabie I.2: Navy Air-launched Chatt Used During Fiscal Yaars 1891897 {bundies, enless othanwise indicated)

Figeal year

Chaif type 1991 993 1684
L] § PERRS O :

i EES

L i

= A {1 i i
3% 4 4 a 1

HESEES oo

1945
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Appesstin 1§
Servives” Use af Claff Daring Fiscal Years
%107

Tabie 11.3: Navy Sea-launched Chaft Usad Dusring Fizcal Years 198187 {bundlos)
Fiscal yoar

Chatftype 1451 1933 1994 1985 g7
KB, TR RY EANLYS 1odils

pi R

1 gats

10

Table IL4: Aty Chaff Used During Fiscat Years 183197 (bundles)
Fiscal year

Chafi type y93 1392 1993 soes @95 1995 1997
W 8] 3] i 160 b 130
Tabde I£.5: Chatf Use Reported at F |
Mitilary Iastatiaticns Reviewed Fiscal year

1995

(burdics) Inslallation  Cha'f type
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RN vy
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Appeyudo I

Environmental Effects of RF Chaff

GAO-Reviewed Reports on Chaff Research

The reprrts we reviewed on chatf rescarchiwere sued beraeen 1982 and
LY. A showers below, @l bot ore wers sponsarest by D00 campouents.

Powviranmental Elieris of Salf-Frojecian O batf and Flares, LS Al Fores
At Combae Commsand Uag, 1967

Aqnatic Toxteny amd Fate of Drostand Aluminue Costed Glass Fibers,
LS. Arany Chemieal Research, Development, and Engineesiag Denter
(Sept. 19523

Ervdirommental imd Healh Elfvets Roview for Obsearant Fibees/Filamests,
propared by the Pacilic Nosthwest Leboratory Toe e LS, Aoy Cheomienl
Resvarch, Doevebipraent ard Fogineeciuy Coneer (Tas, TH2)

lelt ward Chiadl Tratring Activites.
ssocinies, Toc, fur the National

Enirpamental Effeces of Alr lar
prepared b Seience and Bagineering
Guasst Burean {Dec, 19908,

[dentifyving snd Eraluming the Etfects of Dispensiag Oafl Fron: Milisary
Abrovalt, prepared by Scicooe amd £ \ﬁ*nu‘--n. ¢ Assocfales, e, for the Al
Faree Strategic Alr Conomarad [Dee, §, TO83).

Paecteanantad Eiecs of Chattl B8 Al Porew Gee upational éd
Eorirenunental Heabb Laboratory (Dee. 197380,

L fects of Moumivdzed Fiberglass on Representative Chesapeake Tay
neQrganisms, prep: _— by Systems Corsultunts, ing e,tm e Us
ol Rescareh Laburalory Mo, 23, 19N F

The fngestion nf Fibergless Cagtle. prepane by the Canadi
Departaent of ‘rgnulltuwtnmhrllmm: of Flectronte Warfare,
Canadian Forees Headyuarters (Mar, 888721

Chaff. Wright Air Develaproent Center {Maw 1555

i, Uhrpdae 1R, ol

b (S is g Bk di sqiery i the ot oo uf ¢t
See, £ { : s e e ofleets

if fir

e absi roviienad Hy sl St aplife
o SUEN-IE T wfaned
Appnea L AIARN T s ity WIEE P IR H A S AT NIE S TRUR

Sy
vhatd e deline Ikl 51 s one g

e Capmttznty, b nronponaied ropestts by B i onte 2y, e Ui irsin of Dol

Forbintorgsay of Mossbaad
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Appemdiv T
AL Rewewed Repnsts ras Chadf Reasarch

Taxicity oF Chalf to Livestock, UL S0 Afr Foree Meramediciae Leboratory
(1952),
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Apprvix IV

Comments From the Department of Defense

Environmental Effects of RF Chaff

QFFICE OF THE UNOER SECRETARY OF QU ENSE

ICO0 CEFERGE PENTAGON
WAB RGO AR RO

114p 1

AL A
Ve ol An

Flarigeiiant
nd Infumel
e

LA
Atbairs Divivion

Toear Mo Wy

Flis s the Drmrmsent of Defense b)) respunoe 4 G Conenid Asgueiing
Cer (0ACH et sopon STRCNNEMTAT PROTECTION: Pold Masagomest
Esanrs Related wo Chiatf, gt 6 P98 A0 Unde TORIWRGED Case 16663

st the Ded) e with tad ihe peperl fndmgs arst the spet
Jerx b s deaf report. We predonsly providsd weclinieal corrections and
sppesoest changes o iie donft coport, e DA Jas satedmioaity addosssed thew
ERaTE T Y

i e

T oy erclonng asenminy oF P flne § 08 reeamivendiionow it sor
s

segla D W Bl Raodie ot (R340

v b amy gusatioms, pf

Finghoore:
A sluted

Defonding Gar Future

Euvirenmenrad Ny sty f
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Apprenstin 1Y
Comments Fram the Department of Befense

GADDRART RFPORT -DATFD AUGEST 5, 199
A CORE T OSNCASE 1566

SENVIRONMENT AL PROTICTION: DO Munsperent hsaey Badated b Cloor™

RECOMMENDATIONS

tany ot Plufires disey
¥ progrin

adibhe Chel

borinatat
aeiis o depadabls otad! bokiee ‘
i o sarstmory s e oosls

wrabarking oo a precun
A benelite ol du

RECOMMENDATION 2: The ©:20 soiunzmended tat 1€ Searetiry wf Dl
e Srevetaries of e Ay, the buve, and the Alr Fone fo deternsne the nuorivs of sper
s el repaedy and wheiher additiialietivee wre noded 10

GRESTIUYS ]

sslilyrsa them

st of wheiter

swcis Phe Adp Pooce vl sdubaty all persisidng bezd-h
erpy. AL trming 2Dafy sl e eliarmared. AN Goadan ohof ool b clesty
s pnd il andy By e Lo corvhat rquisamenly

Aftachment ty Moo
£ 400 Lirafe Beport - OSECase 1664
Fage 1 of |
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Apprndkx ¥

Major Contributors to This Report

Charfes L Pation. Jr.

P Y T 5 ~ HE ?
Nd“()lld! SCLUNS} ,‘md Lidis Adansnns
International Aflairs Rictiard W. Mecks
Division, Washington,

D.C.

e o = Liorel C. {Z;.apt‘z’. »§|:.
celes Fie I
Los Ar lg{«.les ield Gary W, Kunkbe

Office

Margars L Armers

Office of the General
Counsel, Washington,
bD.C.
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Ordering Information

The {irst copy of each GAG report amt testimony is free,
Additional copies are $2 each. Orders should be sent to the
follawing address, accompanied by a check or money order
made out to the Superintendent of Documents, when

necessary, VISA and MasterCard credit cards ave nccepted, also,
Orders for 100 or more copies Lo be matled to a single address
are discomted 25 percent.

Orders by mail:

U.S. General Accounting Office

P.0G. Box 37054 .

Washington, DC 20013

or visit:

Room 1160

700 4th St. NW {corner of 4th and G Sts. NW}
.8, General Accounting OfGce

Waslington, DC

Orders may also be placed by calling {202) 512-6000

or Dy ustng Tax number {202) 512-6061, or TDD (202) 512-2537,
Each day. GAO issues a list of newly available reports and
testimony. To receive facsimile copies of the daily list or any
list from the past 30 days, please call (202) 512-6000 using a
touchtone plione. A recorded menn will provide information on
how to obtain these Lists,

For information on how to access GAD reports on the INTERNET,
send an e-mail message with "into” in the body to:

info@www.gan.gov
or visit GAO's World Wide Web Home Page at:

htipdiwww.gac.goy
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Appendix C

Bibliography. Chaff Environmental R&D

Environmental Degradability and Ecotoxicity of Chaff Fibers, Farrell, R.E., University of
Saskatchewan, 1998.

Environmental Effects of Self-Protection Chaff and Flares, US Air Force Air Combat Command,
1997

Polypyrrole-coated Fibers as Microwave and Millimeterwave Obscurants, Buckley, L.J. and
Eashoo, M., Naval Research Laboratory, 1996.

Aquatic Toxicity and Fate of Iron and Aluminum Coated Glass Fibers, Haley, M.V. and Kurnas,
C.W., US Army Chemical Research, Development, and Engineering Center, ERDEC-TR-422,
1992.

Aquatic Toxicity and Fate of Nickel Coated Graphite Fibers, with Comparisons to Iron and
Aluminum Coated Glass Fibers, Haley, M.V. and Kurnas, C.W., US Army Chemical Research,
Development, and Engineering Center, ERDEC-TR-090, 1993.

Environmental and Health Effects Review for Obscurant Fibers/Filaments, Cataldo, D.A., et al.
Pacific Northwest Laboratory under contract to US Army Chemical Research, Development, and
Engineering Center, CRDEC-CR-126, 1992.

Environmental Effects of Air National Guard Chaff Training Activities, Science and Engineering
Associates, Inc under contract to Air Force Strategic Air Command, 1990.

Identifying and Evaluating the Effects of Dispensing Chaff from Military Aircraft, Science and
Engineering Associates, Inc under contract to Air Force Strategic Air Command, 1989.

Environmental Effects of Chaff, US Air Force Occupational and Environmental Health
Laboratory, 1978.

Effects of Aluminized Fiberglass on Representative Chesapeake Bay Marine Organisms,
Systems Consultants, Inc under contract to the US Naval Research Laboratory, 1977.

The Biotic Response of Typical Estuarine Organisms to Aluminum Fiberglass Chaff,
Keck, R.T., et al., University of Delaware, College of Marine Studies under contract to
Systems Consultants, Inc., 1977.

Effects of Chaff on the American Oyster, Crassostrea virginica and the Polychaete

Worm, Nereis succinea, Graves, W.G., et al., University of Maryland, Center for
Environmental and Estuarine Studies under contract to Systems Consultants, Inc., 1977.
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The Ingestion of Fiberglass Chaff by Cattle, Canada Department of Agriculture for the Director
of Electronic Warfare, Canadian Forces Headquarters, 1972.

Chaff, Wright Air Development Center, 1956.
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Appendix D

Examples of RF Chaff Bundles

Training and oeation RF chaff rnd’ use by the USF. RR-1 top and RR-180 (ottom).

Training and operation RF chaff rounds used by the USN. RR-144 (top) and RR-129 (bottom).
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