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Abstract

Debris from explosives testing in a shot tank that contains 4 weight percent
or less of explosive is shown to be non-reactive under the specified testing
protocol in the Code of Federal Regulations. This debris can then be
regarded as a non-hazardous waste on the basis of reactivity, when
collected and packaged in a specified manner. If it is contaminated with
radioactive components (e.g. depleted uranium), it can therefore be
disposed of as radioactive waste or mixed waste, as appropriate (note that
debris may contain other materials that render it hazardous, such as
beryllium). We also discuss potential waste generation issues in contained
firing operations that are applicable to the planned new Contained Firing
Facility (CFF).

1. Scope of program and report

The goal of this program is to develop and document conditions under
which shot debris from the planned Contained Firing Facility (CFF) can be
handled, shipped, and accepted for waste disposal as non-reactive
radioactive or mixed waste.

This report fulfills the following requirements as established at the outset of
the program:

1. Establish through testing the maximum level of explosive that can
be in a waste and still have it certified as non-reactive.

2. Develop the procedure to confirm the acceptability of radioactive-
contaminated debris as non-reactive waste at radioactive waste
disposal sites.

3. Outline potential disposal protocols for different CFF scenarios
(e.g. misfires with scattered explosive).



2. Introduction

Shot debris from the Contained Firing Facility (CFF) may include
radioactive components as well as unreacted explosives. Once depleted
uranium is used in experiments at CFF, subsequent experiments will
generate shot debris that will contain ura.nium at some level. This debris
will presumably be considered low-level radioactive waste.

There is currently no disposal method for radioactive waste that is also
classified reactive. Therefore, it is necessary that shot debris from the CFF
can be packaged, shipped, and disposed of as non-reactive. This means that
explosive constituents must be of a sufficiently low concentration that they
pose no explosive hazard and are therefore non-reactive.

The goal of this program is to develop and document conditions under
which shot debris from the Contained Firing Facility (CFF) can be accepted
for waste disposal as non-reactive, radioactive waste.

3. Establishment of maximum level of explosive in non-reactive waste

3.1 Methodology for determination of the maximum level of explosive
in non-reactive waste'

3.1.1 Regulations defining reactive waste

The characteristics that make a waste reactive are defined in the Code of

Federal Regulations (CFR), Title 40 Section 261.23." The sections relevant to
CFF waste state that “a solid waste exhibits the characteristic of reactivity if

(6) It is capable of detonation or explosive reaction if it is subjected to
a strong initiating source or if heated under confinement.

(7) It is readily capable of detonation or explosive decomposition or
reaction at standard temperature and pressure.

(8) It is a forbidden explosive as defined in 49 CFR 173.51, or a Class
A explosive as defined in 49 CFR 173.53 or a Class B explosive as
defined in 49 CFR 173.88.”

We note that the terminology and section references in item (8) are obsolete.
Forbidden explosives are now defined in 49 CFR 173.54. The designations
“Class A explosive” and “Class B explosive” are no longer used; explosives
are Class 1 materials, classified into 6 divisions, 1.1 - 1.6, as defined in 49
CFR 173.50. Therefore, we restate the criteria in item (8) as “It is a
forbidden explosive as defined in 49 CFR 173.54 (Forbidden Explosives) or a
Class 1 explosive as defined in 49 CFR 173.57 (Acceptance criteria for new
explosives) and 49 CFR 173.58 (Assignment of class and division for new
explosives).”

* The Code of Federal Regulations version used here was revised as of July 1, 1996 for Title
40, and as of October 1, 1996 for Title 49.



We also note that the criteria in items (6) and (7) of 40 CFR 261.23 are
covered by the tests in 49 CFR 173.57 and definitions in 49 CFR 173.58. An
item which shows reactivity under item (6) or (7) of 40 CFR 261.23 will also
be defined as a Class 1 explosive and hence be deemed reactive by item (8) of
40 CFR 261.23. Therefore Items (6) and (7) are redundant, and need not be
considered further.

The list of forbidden explosives in 49 CFR 173.54 lists specific explosive
items, none of which are expected to be used at the CFF. Therefore, we have
not considered forbidden explosives further in this program.

From the above excerpts of the CFR, and considering waste from the CFF,
we therefore interpret the CFR sections cited above as follows: if a material
is not a Class 1 explosive (49 CFR 173.57 and 49 CFR 173.58), then it is not a
reactive waste (40 CFR 261.23). This is the criterion used in this project to
qualify waste containing a low concentration of explosives as non-reactive.

The protocol for determining whether a material is a Class 1 explosive is
defined by the United Nations,' as specified in 49 CFR 173.57. The protocol,
as detailed in a series of flowcharts (Figures 10.1, 10.2, and 10.3 in
Reference 1), requires a set of tests identified as Series 3 and Series 6. These
tests address the reactivity of the material by itself, and as packaged for
shipment. If a material shows no hazardous nature in these tests (as
defined below), then it is qualified as not Class 1, and hence for our

purposes not reactive."
3.1.2 Tests to determine Class 1 explosives

Series 3 tests are comprised of small-scale tests on the material: (a) impact
sensitivity by drop hammer; (b) friction by BAM tester; (c) thermal stability
at 75°C; and (d) small-scale burning test. Series 6 tests includes a set of tests
of the material packaged for shipment: (a) explosive initiation test of one
package to see if deliberate stimulation by a detonator will set off an
energetic reaction; (b) explosive initiation test of a stack of packages to see if
reactions propagate from one package to the next; and (c) thermal test to see
if exposure to a fire will set off an energetic reaction. If the Series 6(a) test
shows that there is no damage to the exterior of the package, then the Series
6(b) test is waived.!

It was not necessary to conduct Series 6 tests on all explosives. We instead
used the explosive most sensitive to initiation that we typically handle,

* There is ambiguity in the United Nations protocol. If the material in question was
“manufactured with the view to producing a practical explosive or pyrotechnic effect,” then
the Series 3 and Series 6 tests are required. If not, a simpler Series 1 set of tests is required.
We took the conservative approach that the waste must pass the more stringent Series 3 and
Series 6 tests, although the waste was not “manufactured with the view to producing a
practical explosive or pyrotechnic effect.” This approach was required by the U.S.
Department of Transportation for LLNL-developed explosive simulants and was adopted
here as well.
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PETN, for the Series 6 tests, and established a level that is non-reactive.
Since our other explosives are less-easily initiated by a detonator or fire,
they will pass the Series 6 tests when at the same level for which PETN is
non-reactive, and they may therefore be certified by analogy as non-reactive

in the Series 6 tests.” The Series 3 tests, however, must be performed for
each explosive mixed with clay at an explosive level of at least 4 weight
percent. (The debris from the explosives tests must not include materials
that would increase the sensitivity to initiation and make it reactive at the
4% explosives level).

Details of the Series 3 and Series 6 tests are given in Appendices A and B.
3.1.3 Composition of surrogate waste used in this prdgram

The components of the surrogate waste that we tested were defined by the
expected operations of the CFF. If fine particles or explosive dust remain in
the firing chamber after an incomplete explosive reaction (visible pieces of
explosives having been collected and removed or detonated), then the shot
debris will be collected using a clay floor sweeping compound as a normal
part of the cleanup process. Therefore, we selected the clay used for floor
sweeping as the major component of our surrogate waste material. We
tested this clay with the different explosives anticipated to be used in the
CFF.

3.1.4 Configuration of waste packaging

The Series 6 tests involve the material packaged for shipment. The
configuration used in these tests was a 9 kg (20 1b.) mass of the surrogate
waste contained in a plastic bag; the bag was placed in the center of a
UNIAZ2 55-gallon drum equipped with a carbon filter, with a layer of clay
surrounding it and occupying the remainder of the volume as dunnage.
This dunnage is about 8 inches thick on the sides, and about 14 inches thick
on top and bottom. Therefore the results in this report are applicable only to
waste containing mostly clay floor sweeping compound packaged in this
configuration. Different inert components or different packaging
configurations are not considered here, and must be evaluated at the time

" such changes are made.

3.2 Results - level of explosives that may be present in non-reactive
waste

A list of the explosives considered in this report, and the relevant data for
each, is shown in Appendix C.

A mixture of 4 weight percent PETN in clay passes the Series 6 tests.
Therefore, by analogy a mixture of any explosive (as long as it is

* This certification by analogy was accepted by the U.S. Department of Transportation for
LLNL-developed explosive simulants.



acknowledged less sensitive than PETN, e.g. not a primary explosive such
as lead azide or mercury fulminate) in clay containing 4 weight percent or
less of explosive will pass the Series 6 tests.

The complete set of Series 3 tests have been conducted for the explosives
shown in Appendix C. All of the explosives tested passed the Series 3 tests
at a 4 weight percent or greater concentration.

Therefore, any waste composed primarily of floor-sweep clay that contains
4 weight percent or less of explosives listed in Appendix C is non-reactive,
as defined by the CFR and the United Nations protocol.

4. Determination of explosive content of waste from CFF

From the results of the previous section, debris from the CFF must be
certified as containing less than 4 weight percent of explosive in order to be
certified as non-reactive. We identify several methods by which this can be
accomplished.

The first and probably most desirable is a simple accounting of the mass of
unrecovered explosive that is in the debris. In the event of an unsuccessful
detonation or incomplete explosive reaction, there will likely be sizable
pieces of explosive that can be picked up and recovered. The mass of
explosive in the original assembly will be known; subtracting the mass of
explosive recovered from the initial explosive mass gives the mass of
explosive that is presumed to be in the debris (this is conservative, ignoring
the probable consumption of some of the explosive in the test). From this
mass of explosive and the mass of debris and clay floor sweep required to
clean up the shot tank, the mass concentration of explosive can be
calculated. As long as this is less than or equal to 4 weight percent, the

waste is non-reactive.’

A second method to establish the concentration of explosive in debris is
through Differential Scanning Calorimetry (DSC) analysis. In DSC, a
small sample of waste is heated while the energy released from energetic
reactions is measured. The amount of energy released is an indication of
the quantity of explosive present in the sample. The DSC technique is
implemented with commercial equipment which use small samples
(several milligrams). Each explosive responds quantitatively differently in
the DSC. Therefore, two conditions must be met to use DSC to quantify
explosive concentration. First, the identity of the explosive must be known.
Second, a calibration curve for the DSC of energy release as a function of
concentration of that explosive must be measured for known mixtures of
the explosive and clay. We also note that care must be taken when sampling
debris and clay floor sweep mixture to obtain a representative sample.

* This assumes that the waste is well mixed, with any explosive uniformly distributed
throughout the debris and clay. Care must be taken during the cleanup operation to ensure
that the debris is well mixed with the floor sweep.
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A third method to establish the concentration of explosive in debris is
chemical analysis, possibly preceded by chemical extraction to concentrate
the explosive residue that was present in the debris. This is a more complex
task than either of the above methods, but provides the opportunity to
sample large masses of debris, reducing the challenge of obtaining a
representative sample in a few milligrams of material.

5. Acceptability of CFF waste for disposal

Waste from the CFF must be collected and packaged as specified in section
3.1. It must be comprised primarily of debris and clay floor sweeping
compound, and it must be shown to contain less than 4 weight percent
explosive to be declared non-reactive. Furthermore, it must be packaged in
9 kg (20 1b.) or less quantities, with each 9 kg lot in a separate UNIA2 55-
gallon drum equipped with a carbon filter. The waste must be in a plastic
bag in the center of the drum, with more clean clay occupying the
remainder of the drum volume.

Under the above limitations, the waste is qualified by the information in
this report as non-reactive. It can therefore be disposed of as radioactive or
mixed waste, as required by the presence of other components , and
disposal can occur by normal means.

6. Potential disposal protocols for different CFF scenarios

There are a number of potential incidents associated with the confined
firing chamber operations that could become sources of explosive (i.e.
reactive) hazardous waste. These are listed and discussed below:

1. A misfire or experiment in the chamber that scatters explosive is a
potential source of reactive waste.

All explosives scattered by a misfire or experiment that
can be recovered must be picked up and destroyed in
place or recovered for later use.” It is necessary that the
weight of all explosives in an experiment be known, so
that when recoverable explosive is weighed, the weight
of any explosive remaining in the chamber will be
known.

2. The debris and residue left after most of the scattered explosive has
been picked up by hand is another potential source of explosive waste.

Explosive left in the firing chamber after removal of all
recoverable explosive is to be removed from the chamber

* Under the provisions of the recently-enacted Military Munitions Rule by the EPA, Range
Clearance Operations will allow the detonation of unexploded explosive that remains after

a test.?




by the use of a clay sweeping compound (kitty litter) and
a broom. One must know the maximum possible weight
of explosive residue that may be left in the chamber.
Then, by knowing the weight of sweeping compound
required to clean the chamber, one can reasonably
estimate the concentration of explosive in the sweeping
compound/debris mixture. Alternatively, DSC analysis
can be used to measure the concentration of explosive in
the waste. As long as the concentration is equal or less
than 4 weight percent (see test results section of report),
the mixture will be a non-reactive waste.

The amount of clay floor sweeping compound that is -
required for a cleanup operation must be determined in
advance, to avoid the appearance of debris treatment by
dilution with clay to achieve an explosives concentration
of less than 4 weight percent. The specific amount of clay
to be used will be determined by the CFF operations staff
as they gain experience with cleaning the firing
chamber.

3. Unexploded explosgive from misfires or experiments that ends up
in the filters for the wash water after the chamber is washed down is
a potential source of reactive waste.

If all scattered explosive is picked up properly and the
chamber is cleaned properly with the sweeping
compound prior to wash down, then residue from the
filters will be quite low in explosive content and most
likely be of sufficiently low percentage of explosive as to
not constitute reactive hazardous waste. It is very
important that these steps just outlined be followed. A
DSC measurement should be made of filter residue after
any experiment that results in scattered explosives; in
this way one can verify that the residue contains less
than 4 weight percent explosive, using the worst-case
calibration curve, i.e. the curve that gives the highest
level of explosive concentration for the energy release.
Alternatively, chemical analysis can be used.

4. Explosive that ends up in solution in the wash water is a potential
source of reactive waste. An explosive with high solubility in water
could result in creation of waste water contaminated with explosives
as well as radioactive materials.

The solubility of virtually all common explosives in
water is so low that this is not a concern. If an explosive
has a high solubility in water, then the use of that
explosive in the contained firing chamber must be

-




carefully controlled. The amount of explosive that could
possibly end up in the wash water would have to be
monitored by tracking explosive masses, and a chemical
analysis would probably be required to establish the level
of explosive.

6. Conclusions

Shot debris from the Contained Firing Facility will likely contain
radioactive contaminants, and therefore must be non-reactive for disposal.
If scattered explosives have been collected and destroyed or recovered, and
the remaining material is cleaned up with clay floor sweep, the resulting
waste will be non-reactive as long as the explosive concentration is 4 weight
percent or less. The level of explosive concentration may be established by
tracking the mass of explosives used and recovered, by Differential
Scanning Calorimetry, or by chemical analysis.

Several possible scenarios for generation of explosive waste are discussed,
along with methods to prevent their generation.
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Appendix A. Description of Series 3 tests

Series 3 tests are comprised of four small-scale tests on the material: (a)
impact sensitivity by drop hammer; (b) friction by BAM tester; (c) thermal
stability at 75°C; and (d) small-scale burning test.*

Test 3(a) is the impact sensitivity test; the purpose is to measure the
sensitivity of the material to an impact from a dropped weight. A 2.5 kg
weight is dropped onto 35 mg samples of the material from different heights
and any reaction is detected. The reported value is the height in centimeters
at which 50% of the drops result in a reaction. The test is documented
further in Reference A-2. Typical heights for standard explosives are

shown in Table A-1. If the 50%-go drop height is greater than that of dry
RDX, the test result is negative and the material remains a candidate as a
non-reactive material. If the 50%-go drop height is less than or equal to that
of dry RDX, the test result is positive and the material is considered
reactive.

Table A-1. Typical results from the LLNL Drop
Hammer Impact Sensitivity Test

E%@'ve Drop Hammer Result, cm
P » 1§i3
RDX 3716
HMX 3144
Comp B-3 50+4
TNT 6119
TATB >177

Test 3(b) is the friction sensitivity test; the purpose is to measure the
sensitivity of the material to frictional stimuli. A standard friction testing
machine, the BAM machine, is specified by the UN and is used at LLNL. In
this instrument, the material is rubbed between a rounded rod and a coarse
porcelain plate while under load. An explosive reaction, as evidenced by
loud report, crackling, spark, or flame) indicates a positive response at that
load. The final reported value is the load or force needed to give one reaction
in ten tests. Typical loads for standard explosives are shown in Table A-2.
The test is documented further in Reference A-3. If the load to give 1
reaction in 10 tests is greater or equal to 80 N, the test result is negative and
the material remains a candidate as a non-reactive material. If the load to
give 1 reaction in 10 tests is less than 80 N, the test result is positive and the
material is considered reactive.



Table A-2. Typical results from the LLNL Friction

_ Sensitivity (BAM) Test
%m Load to give 1 reaction in 10 tests
PET! 60 N
RDX 120N
HMX 120 N
LX-17 (TA' 1-F) > 360 N

Test 3(c) is the thermal stability test at 75°C; the purpose is to measure the
stability of the material when subjected to elevated temperatures. There are
two versions of this test, uninstrumented and instrumented. If a material
is thermally stable in the uninstrumented test, the instrumented test is not
required; the instrumented test may be run in place of the uninstrumented
test if desired. If in the test(s) the material is thermally stable, it remains a
candidate as a non-reactive material. A material that is not thermally
stable is considered reactive.

In the uninstrumented test, a 50 gram sample is placed in a beaker,
covered, and held in an oven at 75°C for 48 hours or until reaction or
explosion takes place,,if sooner). If there is no ignition or explosion,
and no evidence of thermal instability (i.e. fuming, decomposition,
significant mass loss), the material is considered thermally stable.

In the instrumented test, a 100-gram sample is placed in a container.
An inert sample of equal mass is placed in a second identical
container. Both containers are placed in an oven at 75°C and held for
48 hours (or until reaction or explosion takes place, if sooner). The
temperatures of both containers are monitored during this time, to
allow measurement of any exothermic reaction and resultant self-
heating in the sample. At the end of the test, the sample is inspected
for any sign of reaction. If there is no ignition or explosion and no
significant self-heating, the material is considered thermally stable.

Test 3(d) is the small-scale burning test; the purpose is to determine the
response of the material to a fire. A 125-gram sample is placed on top of
kerosene-soaked sawdust, which is then ignited. The fire is observed
visually. The test must be conducted in triplicate. If the material does not
burn, or simply burns along with the kerosene-sawdust, it passes this test
and remains a candidate as non-reactive material. If it explodes, it is

considered reactive.?

* In the previous revision of Reference 1 (Rev. 1), Test 3(d) was defined to be run with 125
grams of material, in triplicate. In the current revision of Reference 1 (Rev. 2), Test 3(d) is
defined as two runs with 10 grams of material and two runs with 100 grams. Our tests
followed the specifications in Rev.1, which are in any case more stringent than those in
Rev.2.
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Appendix B. Description of Series 6 tests

Series 6 tests are designed to test the material in the configuration in which
it will be shipped. The tests measure the response of the packaged material
to an internal explosion and to an external fire B!

Test 6(a) measures the response of the packaged material to an internal
explosion. A standard detonator (defined in Reference B-1) is placed near
the center of the packaged material and fired. The material is classified
depending on the severity of the ensuing reaction. If there is no reaction,
the material remains a candidate as a non-reactive material. Triplicate
testing is required.

Test 6(b) is like Test 6(a), but with several packages of the material. The
purpose is to measure the propagation of reaction from one container to
another. If Test 6(a) shows no external damage to the package, then Test
6(b) is waived.

Test 6(c) measures the response of the packaged material to an external
fire. Three packages of the material are placed as close together as possible,
and subjected to an external fire. The fire must be hot enough and of
sufficient duration to consume all the explosive. The classification of the
material depends on the severity of the response, ranging from mass
explosion of the package to no hazardous effects at all. If there are no
hazardous effects, the material remains a candidate as a non-reactive
material.

For all Series 6 tests, the material was packaged in a UNIA2 55-gallon
shipping container that is qualified as a low-level radioactive waste
shipping container. The drum lid was equipped with a carbon filter to allow
air to move in and out of the drum due to temperature changes; this is the
shipping configuration for this type of waste.

References
B-1. Recommendations on the Transport of Dangerous Goods. Manual of

Tests and Criteria, Second Revised Edition, ST/SG/AC.10/11/Rev.2, United
Nations, New York (1995).




Appendix C. Results of test for explosives considered likely to be used in the
Contained Firing Facility firing chamber

Table C-1 lists the explosives covered in this program.

The major explosive constituents considered are PETN, HMX, RDX, TATB,
CL-20, and TNT. We tested each of these pure explosives, diluted with clay,
to establish that the diluted pure explosives are non-reactive in the Series 3
tests. We tested pure PETN diluted with clay to establish that diluted pure
PETN is non-reactive in the Series 6 test. Since all the other listed explosives
are less sensitive to heat and shock than PETN, the others pass the Series 6
test by analogy. 4

For explosives formulated from one of above constituents and an unreactive
binder such as Viton A, Kel-F 800, or Estane, the formulated explosive will
be less reactive than the pure constituent. Therefore, the data for the pure
constituent are sufficient to qualify debris containing the formulation as
well as the pure constituent. These explosive formulations are listed in
Table C-1, with data shown only for the pure constituent.

For explosives formulated with an energetic liquid, binder, or plasticizer,
the formulated explosive may be more or less reactive than the pure
constituent. Therefore, the actual formulation must be tested in the Series 3
protocol. Formulations for which this has been done are listed in Table C-1.
Others not listed must be tested in order to qualify the debris as non-
reactive.

Comments on the Series 3 and Series 6 tests are included below. More detail
is given in a separate report (Reference C-1).

Series 3(a) - Impact sensitivity

For many explosives, the 50%-no go height for the pure explosive is greater
than that of RDX. Therefore the pure explosive passes the test and the
explosive mixed with 96 weight percent clay can be deemed to pass the test
without actual testing. For explosives with a 50%-no go height less than
RDX, the mixture of clay and explosive must be tested. The results are
shown in Table C-1.

Series 3(b) - Friction sensitivity

For many explosives, the load for 1 response in 10 tests for the pure
explosive is greater than or equal to 80 N. Therefore the pure explosive
passes the test and the explosive mixed with 96 weight percent clay can be
deemed to pass the test without actual testing. For explosives with the load
for 1 response in 10 tests less than 80 N, the mixture of clay and explosive
must be tested. The results are shown in Table C-1.
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Table C-1. Series 3 Test Results*

Explosive 3(a) Impact | 3(b) Friction | 3(c) Thermal | 3(d) Small- |
stivit ctivit cabilit scale
result, cm result, N result burning
(>87 =pass) | (>80 =pass) result
PETLI)\I( 16 >177 11%) >360 (11%) pass (4%) pass (4%)
HMX 168 (15%) 120 (100%) | pass (15%) pass (15%)
LX-04
LX-07
LX-10
LX-11
| LX-14
| PBX-9404 168 (15%) 250 (100%) pass (15%) pass (15%)
PBX-9501 >177 (15%) 360 (15%) pass (15%) pass (15%)
RX-08-HD 168 (15%) 190 (100%) pass (15%) pass (15%)
RDX > 177 (15%) 120 (100%) pass (156%) pass (15%)
PBX-9407 -
TA’{}% >177 (100%) | >360(100%) pass (15%) pass (15%)
-17 )
PBX-9502
CL—12§ 161 (15%) >360 (156%) pass (15%) pass (15%)
-19
TNT >177 (15%) 360 (100%) pass (15%) pass (15%)

*Data are listed for pure PETN, HMX, RDX, TATB, CL-20, and TNT mixed with clay,
showing that these pure explosives are non-reactive when diluted by clay (weight percent
explosive in the explosive/clay sample is shown in parentheses, all are greater than or
equal to 4 weight percent). Formulations with these constituents and an unreactive binder
are listed along with the pure constituents - these do not require separate testing, since the
formulations are less reactive than the pure constituent. Formulations that include other
energetic component are listed separately, since they may be more or less reactive than the

pure constituent.
Series 3(c) - Thermal stability

We have conducted the thermal stability test on all pure constituents and
formulations with energetic components, and all passed. This is shown in
Table C-1. We have also made standard LLNL Chemical Reactivity Test
(CRT)®? measurements on the materials, and they have passed this test.

This test is more stringent than the Series 3(c) test, and offers an additional .
level of confidence in the thermal stability of these materials.
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We have conducted the small scale burning test on all pure constituents
and formulations with energetic components, and all passed. This is
shown in Table C-1

Series 6(n) - Initiation test
As explained in the main text, we ran the 6(a) test only on mixtures of
PETN and clay. Since this explosive is more sensitive than the others listed
in Table C-1, we qualify the others by analogy as having passed this test.
Surrogate waste containing 4 weight percent PETN was packaged as
described in Section 3.1.4, above, We tested three drums containing the
surrogate waste. The 6(a) protocol calls for testing with a standard
detonator containing 0.6 grams of PETN. We tested with SE-1 detonators
containing 0.6 grams of PETN. We also subjected each drum to a
signiﬁcant overtest by aciding a booster peiiet Weighing 1.2 gram, of RX-26-
AF (46.6% TATB, 49.3% HMX, 4.1% thsr,ane) 111 all tests with the dei;onai:or
alone and with the detonator pms booster pellet, the mixtur gh

lnn i P P, = £
1

percent PETN welgn percem: clay showe ﬁﬁ 5ign o
hd 2 S, —m

,
g .
o g
gE
oo
iy
=N
=83
@ o
L@
g{_"“
E;U'QI
Erg
4
S BE
5,'5
o o
“’m
[l
c:ﬁ
:m
c:
[
=
)

el e +1.

(]
o
—
<]
[

Figure C-1. Three barrels containing 4 weight percent PETN in clay, in the
firing tank for the Series 6(a) test. Pressure gauge mounted on each barrel
monitored for pressure increase from burning PETN that was ignited by
the detonator / booster pellet. No such pressure increases were observed,
showing that no ignition occurred.



Series 6(c) - External Fire test

As explained in the main text, we ran the 6(c) test only on mixtures of
PETN and clay. Since this explosive is more sensitive than the others listed
in Appendix C, we qualify the others by analogy as having passed this test.
Surrogate waste containing 4 weight percent PETN was packaged as
described in Section 5, above, with one exception: the surrogate waste was
placed atop a one-inch layer of clay at the bottom of the barrel, instead of
being in the middle of the barrel. This was required to heat the surrogate
waste sufficiently to decompose the PETN." A gas-fired burner was placed
beneath each drum. Several thermocouples were embedded in each
sample, at different locations, to monitor the heating from the fire.

We tested three drums containing the surrogate waste. The drums were
heated until the center of the > surrogate waste rose above 200°C, hot enough
to decompose all the PETN. The drums showed no external disruption or
distortion, there was no flame except’; for that from the burners, and no

hazardous effects were observed. The residue remamlng in the barrel

: i [T S B .. DTVIAT L. F o T TV T o o e o
showed no Cllsrupuo , indicating that the PETN had gradually d ueuuxupuaeu
e e e smmsmsdac ke ol L i man s At s M e Lamnn
without any violence or production of hazardous effects. Therefore this
* Material placed at the center of the barrel did not heat significantly above 100°C after
many hours of exposure to the gas-fired heaters - the clay is a good thermal barrier.
Therefore, the test as we ran it was a severe overtest of the thermal response of the material
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Figure C-4. Temperature profiles from the 6(c) tests shown in Figure C-3.
Each line is the temperature at the center of the surrogate waste in one
barrel. All three show a leveling off at 100°C, resulting from evaporation of
adsorbed water, followed by a rise to 240 - 270°C. These final temperatures
are sufficient to completely decompose PETN.
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The UNO regulations specify necessary tests to qualify
a material as non-reactive

- UNO Series 3 and Series 6 tests are required

- UNO Series 3 tests are made with small samples (milligrams to grams)
- 3(a) - impact (drop hammer)
+ 3(b) - friction
- 3(c) - thermal stability at 75°C for 48 hours

+ 3(d) - unconfined burn test of material (burn in sawdust / kerosene
with absence of explosion)

- UNO Series 6 tests are made with kilogram samples
- 6(a, b) - detonability in shipping configuration
* 6(c) - shipping containers in fire

- Reference: “Recommendation on the Transport of Dangerous Goods:
Manual of Tests and Criteria”, second revised edition, ST/SG/AC.10/11/
Rev.2, United Nations, New York (1995).
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Most tests used a PETN / Clay mixture

- Clay was used for another program
- The results were applicable to NESTT-type materials

- The key is the amount of PETN in the material

| H | HE B H | H B H | HE B
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We performed detonability tests - UNO 6(a) - in the 10 kg
spherical tank in the High Explosives Application Facility
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Test configuration

- Test configuration is the same as
the eventual shipping
configuration:

- 20 Ibs of PETN / clay mixture in
plastic bag

- PETN and clay are hand-mixed
just before test

- Mixture is surrounded in barrel by
clay dunnage

- Detonator is placed in center of
PETN / clay mixture

- Barrel lid is securely fastened

- Barrel is equipped with standard
fritted carbon vent for radwaste

- Hole in lid for detonator cable is
sealed so it is not a vent

| H | HE B H | H B H |
LLNL - JLM - 11/15/16 - 5



Our test protocol called for tests with detonator only
and with detonator and booster pellet

- Detonator only (= 0.6 g explosive) meets requirement of UNO 6(a) test

- Detonator plus booster (= 1.2 g additional explosive) gives us a
significant overtest

* This tells us how much margin of safety we have

* This test is run on each sample that passes the UNO 6(a) test with
detonator only
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4% PETN / Clay showed no reactions

- We ran three tests
simultaneously

- We saw no reaction with
detonator only

- We saw no reaction with
detonator plus booster

4% PETN / Clay passes the UNO 6(a) test, even with the
severe overtest from the booster pellets
ENERGETIC
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As an adjunct, we tested PETN NESTT (4% PETN) in its
shipping configuration, with SE-1 detonator

ENERGETIC
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UNO Series 3 tests showed material to be unreactive

- We tested 4% PETN in clay
- There was no reaction to impact, friction, and spark stimuli
- Material was thermally stable at 75°C
* Fire test showed no explosive nature
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Next we turned to UNO 6(c) fire testing

- Here we subject material in barrel to fire from propane burner
- Heat until PETN decomposes
- Determine violence of response
- Test protocol calls for three barrels to be tested simultaneously

- We place the PETN / clay mixture a few inches above bottom of barrel

- Material will be shipped with waste in middle of barrel, not at the
bottom

- An earlier attempt showed that heating material located at the
middle of the barrel is impossible

- Clay is good insulator, so we never got the PETN hot after
hours of heating

- Our test therefore represents a severe overtest of the shipping
configuration
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The 4% PETN/clay got hot, but there was no violent reaction

2504
200
1501
1001

temperature, °C

300_....|....|....|....!....|....!.... L1

0 100 200
time, minutes

300 400

Temperature at center of
PETN/clay in each barrel

After test, plastic bag was charred but
largely intact - no sign of violent reaction

| 4% PETN/clay passes the UNO 6(c) test ' M
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Summary

- UNO Series 3 and Series 6 tests provide data to allow certification of
4% PETN/ clay as non reactive, non-explosive

- These materials therefore do not have to be considered explosives

- We also demonstrated the NESTT materials to be non-reactive
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Lawrence Livermore National Laboratory

Niail Stop: L-282
ENERGETIC i it
VNN Ghone: . (510) 423-1816
FAX: 510) 424-3281
e-mail: maienschein1@Iinl.gov
January 9, 1997
EMS-97-2
To: Jon Maienschein
From: Raul Garza, LeRoy Green and John Kury
Subject: UN Hazards Classification Test Results for PETN/inert Mixtures

Two LLNL projects involve mixing a small amount of the explosive PETN with inert
materials. One involves formulating materials to help improve the detection of terrorist explosives.
A maximum of 4% by weight of PETN is mixed with a variety of inert organic or inorganic
compounds. These NESTT materials (Non hazardous Explosives for Security Training and
Testing) will be used both for training explosives detecting canines and operators of detection
insturments.

The other application involves disposal of possible explosive residue from enclosed firing
chambers mixed with an inert clay sweeping compound. Enough clay is used to insure that the
mixture contains a maximum of 4% by weight of explosive residue.

UN Series 3 and Series 6 hazards tests' were run on these materials containing 4% by
weight PETN . The results detailed below showed that the materials exhibited negative response to
both shock and thermal stimuli.

Series 3 Test Results

The UN Series 3 tests are designed to determine if a substance is too hazardous for
transport. They investigate a substance’s response to impact (3a), friction (3b) and thermal stimuli
(3c, 3d). A powder mix of 4% PETN and 96% clay were used for these tests.

For Series 3a tests LLNL uses a modified Type 12 impact machine to test the “drop
hammer” sensitivity of potentially explosive materials. Ten drops from the maximum drop height
of 177 cm produced no reaction. :

The Series 3b tests were done using a Bam Friction Apparatus There were no explosions
in ten tests at a load of >80N.

The Series 3c test used was the UN “Thermal Stability Test at 75 degrees C'. No
ignition, explosion or self heating were observed in 48 hours at 75 degrees C. In addition, DSC
(differential scan calorimeter) tests and CRT (chemical reactivity) tests at 120 degrees C where
consistent with the PETN content of 4%.

The Series 3d Small Scale Burning Test used was the USA Version. No evidence of
explosion or detonation was observed in three trials.

Series 6 Test Results

For shipping purposes, Series 6 tests are carried out to provide information on which Class
1 hazard diviSion should be used to characterize the material or if the material should be excluded
from Class 1 (not an explosive). Actual shipping configurations should be used.




EMS-97-2 2

NESTT materials would be shipped in cardboard boxes containing 20 items each weighing
~0.9 Kg packaged in plastic bags wrapped with aluminum foil. Firing residue materials would be
packaged in vented 55 gallon steel drums. A bag containing ~18 Kg of the residue would be
positioned in the center of the drum and the remaining volume filled with clay. Selected tests were
done with both shipping configurations.

Detonation Tests (6a, 6b). Both materials were tested in their shipping configurations using SE-1
detonator systems with pressure outputs greater than a #8 blasting cap. The “firing tank residue”
formulation packaged in a 55 gallon drum sealed with a Marmon clamp was tested three times.
There were no explosive reactions as determined by post shot inspection. See Appendix A.

The NESTT material was tested using four 0.9 Kg. packages in the center of the cardboard
shipping container. No reaction was observed in the package containing the detonator or any of the
three adjacent packages. See Appendix B. '

External Fire Test (6¢). This test was carried out on three steel barrels containing the “firing tank
residue” material. Fig. 1 shows the experimental configuration. Each barrel contained an 18 Kg.
bag of “firing tank residue” approximately 3 cm. from the bottom. Thermocouples were attached to
the bottom, middle and top of the bag. One thermocouple was also placed in the center of the bag
contents. Three 175,000 BTU propane burners were used to heat the contents to 300-600°C. No
evidence of an explosion or violent decomposition was observed in any of the barrels. See
Appendix C.

The NESTT material to be shipped in 18 Kg. amounts in cardboard boxes was not tested.
Response to fire is dependent on sample confinement. The cardboard boxes containing the samples
and low density packaging material provided much less confinement than the steel drums and
therefore, the results of the above tests were judged applicable.

1. “Recommendations on the Transport of Dangerous Goods - Tests and Criteria”, First Edition,
United Nations, New York, 1986
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Appendix A. “Firing Material Residue” Detonation Test

Figure Al. Steel Drums After Detonator Test. Detonator/booster assemblies were place
inside the 18 Kg “firing residue material” contained in a bag inside the 55 gallon steel drums. Three
tests were conducted simultaneously. This figure shows the drums after the detonators were fired.
No evidence of reaction was observed. The appearance of the drums are identical to that prior to
firing the detonators.
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Appendix B. NESTT Detonation Test

e ety 7w st

Figure B1. NESTT Package Before Detonator Test. Four 0.9 Kg. packages of NESTT
material were placed in a cardboard container with packing material. The detonator shown was
inserted into one of the bags for the test.

Figure B2. NESTT Package After Detonator Test. No reaction of the NESTT material
was observed.
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Appendix C. “Firing Material Residue” Fire Test

Figure C1. Steel Drums Before Fire Test. Thermocouples were placed inside the 18 Kg
“firing residue material” contained in a bag inside the 55 gallon drums. Three tests were conducted
simultaneously.

Figure C2. 18 Kg. Sample in Steel Drum After Fire Test. After the fire test the external
appearance of the drums shown in Figure C1 remained the same. On opening the drums the 18 Kg
sample was charred, but still in its original configuration.
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ail Stop: L-282
EI\IER_______...GET_..__.LG Livermore, CA 94551
8 Phone: (510) 423-1816

FAX: (510) 424-3281
e-mail:  maienschein1@lInl.gov

January 8, 1997
EMS-97-3

Henry M. DeGraca, Chief

Environmental Planning & Assurance Branch

Environmental Restoration & Waste Management Branch

U.S. Department of Energy

San Francisco Field Office

1301 Clay St.

Oakland, CA 94612-5208

Subject:  Request for Competent Authority Approval for Non Hazard Classification for
PETN/Inert Mixtures

Dear Mr. DeGraca:

Two LLNL projects involve mixing a small amount of the explosive PETN with inert
materials. One involves formulating materials to help improve the detection of terrorist
explosives. The other involves disposal of residue from enclosed firing chambers. Obtaining
approval to ship these PETN-containing mixtures under a non hazardous classification, "not
Class I", is important to both projects.

The formulations used in explosive detection studies are called NESTT materials (Non
hazardous Explosives for Security Training and Testing). TNT/inert and RDX/inert NESTT
formulations are now being used both in the US and foreign countries. Competent Authority
Approval for their non hazard classification (not regulated as an explosive) was obtained in 1994
(EX-9402238 & EX-9402239).

LLNL has completed hazards testing of PETN/inert formulations using both UN Series 3
and Series 6 tests. All tests involving 4% PETN mixed with an inert gave negative responses to
both shock and thermal stimuli. The detailed results are presented in the attached report. Based
on this we request Competent Authority Approval for the non hazard classification of
PETN/inert mixtures containing no more that 4% by weight of PETN.

Sincez ’

% %JLJ\M/&‘-

Dr. Jﬁn Maienschein

Acting Energetic Materials Section Leader

University of California
Lawrence Livermore
National Laboratory



Jon Maienschein, 9/16/03 5:16 PM -0700, Fwd: DOT exemptions for NESTT materials

X-Authentication-Warning: smtp-2.1Inl.gov: iscan owned process doing -bs
X-Authentication-Warning: smtp-4.1Inl.gov: iscan owned process doing -bs
X-Sender: e560038 @poptop.lInl.gov

Date: Tue, 16 Sep 2003 17:16:56 -0700

To: crowderl @lInl.gov

From: Jon Maienschein <maienscheinl @lInl.gov>

Subject: Fwd: DOT exemptions for NESTT materials

Sharon,

Would you please put these two memos (John scanned them in) with the memo that we found this morning?
Thanks.

Jon

X-Authentication-Warning: smtp-3.lInl.gov: iscan owned process doing -bs

X-Originating-IP: [67.41.239.160]

X-Originating-Email: [johnkury @msn.com]

From: "John Kury" <johnkury @msn.com>

To: "Jon Maienschein" <maienscheinl @llnl.gov>

Subject: DOT exemptions for NESTT materials

Date: Tue, 16 Sep 2003 12:01:15 -0700

X-Priority: 3

Seal-Send-Time: Tue, 16 Sep 2003 12:01:15 -0700

X-Original ArrivalTime: 16 Sep 2003 19:03:10.0661 (UTC) FILETIME=[2BF70750:01C37C85]

Jon,
See attached. Hope you can read them.

John

Printed for Sharon Crowder <crowderl @linl.gov>
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