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AN EQUAL OPPORTUNITY / AFFRMATIVE ACTION EMPLOYER I

7007 WYOMING BOULEVARD, N.E.
SUITE F-2
ALBUQUERQUE, NEW MEXICO 87109
(505) 828-1003

June 12, 1991

Ms. Kathleen Sisneros E@ERWE

Division Director

Hazardous Waste Bureau

1190 St. Francis Drive JUN 14 199
P.0. Box 26110

Santa Fe, NM 87501

Dear Ms. Sisneros:

Please find enclosed a copy of the report entitled "An Assessment of the
Flammability and Explosion Potential of Transuranic Waste" by Dr. Matthew Silva,
June, 1991, EEG-48.

Evidence presented in the report strongly suggests that the Waste Isolation Pilot
Plant Final Safety Analysis Report (WIPP FSAR) incorrectly identified the 1970 drum
fire at the Idaho Natiomal Engineering Laboratory as the only spontaneous ignition
in the U.S. Department of Energy's (DOE) operational history. Records from the
DOE's Unusual Occurrence Reporting System indicate that discharge of static
electricity, spontaneous ignition of pyrophoric materials, and reactions invelving
nitric acid have generated other fires, explosions, and incidents of drum
overpressurization in mixed radioactive waste at DOE facilities. The report
discusses the incidents that are relevant to the flammability and explosivity
hazard of transuranic waste destined for emplacement in the WIPP. The WIPP F3AR,
in accordance with DOE Order 5481.1B, may require significant modification to
accommodate evidence of previously unconsidered fires and explosionms.

Dr. Silva also examines the effectiveness of safeguards proposed by the DOE to
mitigate potential problems and finds them to be inadequate. The evidence clearly
indicates that fires and explosions, have occurred at several locations in the DOE
complex because guidelines and procedures have been inadequate, improperly used, or
not used at all. This suggests that future accidents of a similar nature might be
anticipated, that workers need to be fully aware of the potential hazards of
working with these materials, and that clear and consistent guidelines and
procedures should be in place and enforced to assure maximum safety.

Sincerely,
Robert H. Neill

Director
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would eliminate or mask important, desired information (Section
5.16.2.5).

The use of an oxygen gettering scheme, instead of argon purging,
is inconsistent with at least one limiting condition for
operations (LCO) and with one item tabulated under industrial
safety assessment from the FSAR Addendum. Under the test bin gas
monitoring LCO, the FSAR Addendum requires that "no internal
concentration potentially flammable, gaseous mixtures when mixed
with air will be allowed in a test bin. If potentially
flammable mixtures when mixed with air have occurred, then the
bin will be purged" (U.S. DOE, 1991, Section 10.1.2). Under
industrial safety assessment (U.S. DOE, 1991, Table 6.2-1), an
argon purge is required as an administrative control if a
flammable mixture is present in a test bin during operation of
the experiment.

Finally, the entire approach of relying on oxygen depletion
raises concerns. That approach inherently assumes that a fire
can ignite only within a bin or drum. Hord (1976) discusses the
accidental or inadvertent means of obtaining flammable mixtures
in air outside of a container for fuels, such as hydrogen,
methane, or gasoline as follows:

Usually, such mixtures are the result of fuel leakage or
spillage which may be attributable to mechanical failure of
equipment, material failure, erosion, physical abuse,
improper maintenance, collision, etc.

The rate at which the fuel vapors mix with air is indicated
by their diffusion velocities and their buoyant velocities.
The buoyant effect is dominant for hydrogen and methane
and... it is apparent that hydrogen can be expected to mix
with air more rapidly than methane or gasoline — the

latter is obviously the slowest mixing fuels of the three
fuels considered. In the event of a fuel spill, one could
expect hydrogen to form combustible mixtures more rapidly
than methane because hydrogen has a higher buoyant velocity
and a slightly lower flammable limit (LFL). Again,
gasoline would be orders of magnitude slower than hydrogen
or methane in forming combustible mixtures in air....
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The LFL is important because ignition sodiirces are nearly
always present when a leaking fuel first reaches
combustible proportions in air (Hord, 1976, p. 7).

Hord's comments serve as a timely reminder that an ignition can
be initiated outside of a fuel container at a place where the
fuel concentration momentarily reaches the lower flammability
limit in the vicinity of an ignition source.

5.3.2 Monitoring Volatile Organic Compounds

The Draft WIPP FSAR Addendum (U.S. DOE, 1991) is internally
inconsistent on the issue of monitoring volatile organic
compounds. The document acknowledges that the gas sampling and
monitoring will provide "information on the potential buildup of
detonable mixtures of gases that might present a safety hazard"
(U.S. DOE, 1991, p. 4~5). Yet, on the previous page, in the same
section, the FSAR Addendum no longer requires monitoring for
flammable volatile organic compounds throughout the test phase.
It states that "in addition to these five [non-flammable]
compounds, presence of other VOCs will be investigated and
evaluated for possible inclusion in the monitoring program"
(U.S. DOE, 1991, p. 4-4).

EEG-45 (Silva, 1990) concluded that during the test phase, an
explosion or fire due to the presence of volatile organic
compounds was unlikely. Much of that conclusion relied on the
precautions described by Molecke (1990a & 1990b) in the bin-scale
and alcove-scale test plans. Those test plans stated that the
volatile organic'compounds would be monitored throughout the test
phase. The Draft FSAR Addendum has reduced that requirement to
"possible inclusion in the monitoring program." If flammable
VOCs are not monitored throughout the test phase, the above
conclusion from EEG-45 is no longer valid.
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EEG-45 (Silva, 1990) noted that halogenated VOCs, such as
trichlorocethylene and methylene chloride, are classified as
nonflammable. However, these organic compounds do become
flammable when air is enriched with oxygen (Jones & Scott, 1942;
Jones et al. 1943). Oxygen enrichment is credible because oxygen
can be generated by radiolytic degradation of the waste (Molecke,
1990a, p. 17). The FSAR Addendum needs to address this issue.

5.3.3 Misuse of the term "Detonation"

The Draft WIPP FSAR Addendum uses the term "detonation"
inappropriately (Sections 6.3 and 7.3.2) and, hence, assesses the

explosion hazard in the narrow terms of a detonation rather than
in terms of a deflagration or the broader terms of an explosion.
Specifically, the FSAR Addendum (U.S. DOE, 1991, Section 6.3)
argues that "the lower detonability limit for hydrogen gas is
approximately four times higher (than the lower flammability
limit of 4%) and, thus, is of even lesser concern." The FSAR
Addendum also argues that "detonation of methane gas within a
waste container is further precluded by the geometry
requirements for a methane detonation, the existence of an
unobstructed open space in a test bin."

Not all explosions are detonations. The term detonation is used
to describe a very powerful class of explosion. A detonation is
defined as "a form of combustion in which the flame moves at
supersonic speed relative to the unburned gas" (Berman, 1986, p.
322). A detonation can result from direct initiation by means
of a strong source such as an explosive charge or by the
traditional deflagration-to-detonation transition. A
deflagration is defined as a form of combustion in which the
flame moves at subsonic speed relative to the unburned gas.
Simply put, a deflagration is less powerful than a detonation.
Nonetheless, a deflagration class of explosion can seriously

impact worker safety. For instance, in tests with hydrogen-air
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mixtures, Dvkes & Meyer (1990) found that deflagrations blasted
the lids from TRU waste drums into the air.

5.3.4 Hydrogen and Methane Generation Rates

In discussing hydrogen generation rates and its potential impact
on flammability, the Draft WIPP FSAR Addendum does not address
anoxic corrosion deferring that discussion to a future addendum

for the wet bin tests. Anoxic corrosion of the drum and the
metal in the inventory is expected to generate as much as two
moles/year/drum of hydrogen (Molecke, 1979, p. 45) whereas
radiolysis is expected to generate hydrogen at an average rate of
0.05 moles/drum/year (Section 6-3 of the WIPP FSAR Addendum).

The Draft FSAR Addendum (Section 1-1) addresses only the "dry"
bin portions of the WIPP Bin-Scale Tests, "dry bins being those
bins which contain only 'as-received' moisture content with no
added brine." However, even the "dry/as received" wastes are
known to contain at least 2 wt% of sorbed moisture (Molecke &
Lappin, 1990, Section 3.0). It is not clear why this moisture
will be available for the microbial degradation mechanism and not

for anoxic corrosion.

On the topic of microbial degradation, Molecke (1979) reported
CO,; generation rates from microbial degradation of cellulosic
waste to be as high as 5 moles/drum/year. Slezak & Lappin (1990,
p. 7) noted the credible potential for microbial methane
generation to equal that of CO, generation or that methane
production can occur instead of CO; generation. The Draft FSAR
Addendum assumes that "microbial degradation realistically could
produce gas at an average rate of 0.5 moles/drum/year, one half
of which is conservatively assumed to be methane" (U.S. DOE,
1991, Section 6.3). That "conservative" estimate is one tenth
the production rate assumed by Slezak & Lappin (1990).
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5.3.5 Explosion or Slow Smoldering Fire?

The Draft WIPP FSAR Addendum argues that a fire resulting from a
spontaneous ignition within a bin "would be expected to be of a

slow smoldering type due to the limited supply of oxygen
available and its consumption as the fire proceeds" (U.S. DOE,
1991, Section 7.3.2). However, the explosion of VOCs at Argonne
National Laboratory, the explosion of uranium scrap in liquid
coolant at the Y-12 facility, and the hydrogen explosion tests
conducted by Dykes & Meyer in TRU drums (1990) clearly dispute
the concept 0of a slow smoldering fire in a drum or bin as the
result of a spontaneous ignition.
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5.4 Final Supplement Environmental Impact Statement

In assessing the fire and detonation hazards for TRU waste, the
Final Supplement Environmental Impact Statement (FSEIS, U.S.

DOE, 1990b, Section F.3.3), like the Draft FSAR Addendum, focuses
on the unlikely event of a detonation rather than discussing the

possibility of an explosion in terms of a deflagration. The
FSEIS reflects arguments prepared by Slezak & Lappin (1990).
Slezak & Lappin concluded that

while collection of flammable or even nominally detonable
gas concentrations in some of the bin-scale tests is
credible, there is not a risk of a methane-based
detonation. Both the free volume and the ignition energy
required to support such a detonation are not available
(Slezak & Lappin, 1990, p. 9).

The argument relies on the observation that a detonation requires
either pounds of high explosives for immediate detonation or
sufficient geometry to allow a deflagration to make the
transition to detonation.

The FSEIS also notes that a fire or detonation requires an

oxygen concentration of 5% for hydrogen and 12.1% for methane.
The document identifies radiolytic degradation of organic matrix
and anoxic corrosion as the principle mechanisms for hydrogen
production and microbial activity as the principle mechanism for
methane production. The FSEIS argues that hydrogen and methane
produced by the above mechanisms would require the near absence
of oxygen. The controversy surrounding the maintenance of anoxic
or anaerobic conditions in certain test bins was discussed in
Section 5.3 of this report, which reviewed the Bin-Scale Test
Plan Addendum #1 (Molecke & Lappin, 1990) and the Draft WIPP FSAR
Addendum (U.S. DOE, 1991).
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6. CONCLUSIONS AND RECOMMENDATIONS

The 1990 WIPP Final Safety Analysis Report (FSAR) elected to
use DOE's operational experience to determine the likelihood

of an accidental ignition in the waste handling building. The
WIPP FSAR incorrectly identified the 1970 waste drum fire at
INEL as the only ignition in DOE's operational experience.
Clearly, there have been other ignitions in containers of
mixed radicactive waste, including the fires and explosions
discussed in this report. The presence of a potential
ignition source, in the WIPP. bound waste, such as the
discharge of static electricity or a chemical reaction cannot
be completely ruled out. DOE Order 5481.1B requires
significant modification to the WIPP FSAR if there is: an
increase in the risk from a hazard beyond that previously
analyzed and reviewed; reduction in the control of a hazard:;
introduction of a new hazard; or receipt of new information
indicating an increased hazard associated with an existing
operation. The Department of Energy should, therefore,
consider modifying the WIPP Final Safety Analysis Report to

accommodate the other ignitions, fires, explosions, and drum

overpressurizations identified in this report.

EPA's Conditional No-Migration Determination for the DOE WIPP
does not mandate strict protection against flammable and

explosive mixtures of gases in each waste container for the
duration of the test phase period. The strict conditions of
approval apply "at the time of shipment, during the duration
of the shipping process, at the time of bin emplacement in the

underground at the WIPP, and during retrieval" (Storz, 1990;
Neill, 1990; Clay, 1991). The Department of Energy should
issue procedures to assure the maintenance of headspace gas

mixtures to levels below the flammability limit throughout the

test phase and evaluate the impact of those procedures on the

results of the bin-scale tests.
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3. The Draft WIPP Final Safety Analysis Report Addendum and its

cited supperting technical document, the Bin-Scale Test Plan
Addendum #1, are inconsistent in describing measures designed
to mitigate fire or explosion during the test phase. The
Draft WIPP FSAR Addendum requires purging of headspace gas in
bins that exceed the lower flammability limit for that gas in
air. The Bin-Scale Test Plan Addendum #1 argues against the
use of purging and claims credit for oxygen depletion using an
oxygen gettering scheme. Relying on oxygen depletion
inherently assumes that a fire will initiate within a
container and does not accommodate the observation that
leakage can result in a fire outside of a container. Hence,
it is necessary to resolve the inconsistencies between the
Draft WIPP Final Safety Analysis Report Addendum and the Bin-
Scale Test Plan Addendum #1. The project also needs to
address the issue of an ignition occurring outside of a

container.

The Draft FSAR Addendum is also internally inconsistent on the
issue of monitoring flammable organic compounds. While it
acknowledges that monitoring will provide information on the
potential buildup of explosive mixtures of gases, the Draft
FSAR Addendum has reduced the monitoring requirement to
"possible" inclusion in the program. The VOC monitoring
requirement needs to be reinstated.

The evidence clearly indicates that accidents, such as fires
and explosions, have occurred at several facilities in the DOE
complex because guidelines and procedures have been
inadequate, improperly used, or not used at all. That
cbservation suggests that future accidents of a similar nature
might be anticipated, that workers need to be fully aware of
the potential hazards of working with these materials, and
that clear and consistent guidelines and procedures should be
in place and enforced to assure maximum safety.
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Other Incidents from DOE Operational History

This appendix tabulates an incident involving transuranic waste
for which there is insufficient information to determine the
cause of the incident and incidents involving materials that are
not destined for emplacement at WIPP based on the description in
the unusual occurrence report.

1975 Pressurization of Storage Containers of Source and Special

1978

1983

1984

1984

1985

Nuclear Materials at Hanford.
UOR 75-122
Bulging of 117 drums containing polystyrene scrap.

Distortion of Three 55-gallon Drums of Transuranic Waste
at Hanford.
UOR 78-17
The drums contained plutonium contaminated waste.
The report did not provide sufficient information to
determine the cause of the distortions.

Localized Hydrogen Explosion at Pacific Northwest
Laboratory.
Report 83708, File 2872
Accidental hookup of hydrogen instead of nitrogen
gas to laboratory equipment.

Fire Involving Anhydrous Nitric Acid at Lawrence Livermore
Laboratory.
Report 84708, File 3745
Non-radiocactive material caught fire on receiving dock.

Chemical Storage Drum Containing Waste Mixed Acid Plating
Solutions Violently Ruptures at Lawrence Livermore
Laboratory.
UOR Number LLNL 84-14-TWC 612-84
Apparently non-radioactive material.

Unexpected Contamination of Personnel at Idaho
National Engineering Laboratory.
Report 85733, File 1659
Sample hose leak pressurizes glove box.
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1985

1988

1988

1588

1989

1989

1990

Ignition of Enriched Uranium Chips at ¥-12 facility,
Oak Ridge National Laboratory.
Report 85709, File 2681
Enriched uranium chips ignited while being cleaned
for processing into briquettes.

Chemical Fire at Y-12, Oak Ridge National Laboratory.
Report 88714, File 2723
Non-radioactive chemical accident in laboratory.

Spill of Low Level Mixed Radioactive and Hazardous Waste
Waste at Rocky Flats Plant.
Report 88733, File 985
Degradation of waste boxes containing low level waste.

Bulking Containers of Acid Results in Chemical Reaction
and Release of Material at Lawrence Livermore Laboratory.
UOR Number LLNL 88-7-614
Apparently non-radioactive material.

Fire in Waste Container at Lawrence Livermore Laboratory.
Report 89706, File 4165
Reaction of machine powders with moisture. Non-
radioactive.

Pressurized Drum of TCE Waste at Savannah River Plant.
Report 89726, File 4435
Non-radioactive waste packaged in a TRU drum.

Fire in Radiologically Controlled Lab. -
Report 90786, File 5442
Polyethylene bottle near hot plate in plutonium
glove box catches fire.
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ENVIRONMENTAL EVALUATION GROUP

AN EQUAL OPPCRTUNITY / AFRRMATIVE ACTION EMPLOYER I

7007 WYOMING BOULEVARD, N.E.
SUITE F-2
ALBUQUERQUE, NEW MEXICO 87109
(505) 828-1003

December 21, 1990

Mr. Donald Clay

Assistant Administrator of

Solid Waste and Emergency Response
Office of Solid Waste, 0S 341

U.S. Environmental Protection Agency
401 M Street S.W.

Washington, D.C. 20460

Dear Mr. Clay:

We have reviewed the Agency's conditional approval of DOE's No-
migration Variance Petition for WIPP. While this is not a
complete review of the Agency determination, there is one item
that we would like to bring to your attention.

We agree with EPA's identification of the possibility of
accidental ignition of flammable gases in waste containers during
emplacement, retrieval, or the test phase periocd and that "such
an event could cause migration above hazardous levels beyond the
unit boundary." The December 1976 explosion of a drum of mixed
radiocactive waste at Argonne National Laboratories supports the
credibility of an accidental ignition. We concur with your
requirement to perform headspace testing for hydrogen, methane
and flammable volatile organic compounds for each drum to ensure
that the concentration of such gases are less than 50% of the
lower level of flammability at the time of emplacement.

However, DOE has interpreted this requirement to be applicable
only at the time of emplacement of waste and not for the full ten
year period of the conditional approval°® That interpretation
would allow DOE to emplace containers of mixed waste that are
initially below the lower explosibility limit (LEL) but that
could reach potentially explosive levels during the experimental
phase,

Hence, we have the following guestions:
1. If it is essential to insure that the volatile organic

gases are substantially less than the LEL at the time of
emplacement of the bins and the drums in the rooms, then why are

Providing an independent technical analysis of the Waste Isolation Pifot Plant (WIPP),
a federal transuranic nuclear waste repository.
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similar requirements not imposed to protect the workers during
the ten year period of experimentation and retrieval?

2. What testing and precautions will be required by EPA to
protect the workers during the experimental period and during
(“szfieval of waste after that period?
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cc: Arlen Hunt, WIPP Project Manager, DOE

James E. Bickel, Assistant Manager for Projects & Energy
Programs, ALO, DOE

Mark Frei, Chairman, WIPP Task Force, DOE HQ

Jill Lytle, Deputy Assistant Secretary for Nuclear
Materials, DOE

Michael Burkhart, Deputy Secretary, NM EID

Matthew Hale, OSW, EPA

Richard Guimond, ORP, EPA



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460
AN 18 1991

OFFICE OF
SOLID WASTE AND EMERGENCY RESPONSE

ECEIVE

Mr. Robert H. Neill, Director

Environmental Evaluation Group

7007 Wyoming Boulevard, N.E. JANza ]991
Suite F-2

Albuquerque, New Mexico 87109 ENVIRONMENTAL EVALUATINN GROUP

Dear Mr. Neill:

Thank you for your letter of December 21, 1990, commenting
on the Environmental Protection Agency's (EPA's) final decision
on the Department of Energy's (DOE's) no-migration petition for
the Waste Isolation Pilot Plant.

EPA established flammability testing as a condition of the
no-migration decision not only to minimize the possibility of
fire or explosion but also to collect additional data to better
characterize the waste and any associated fire or explosion
hazard. We do not believe that a fire or explosion is likely:
however, we do believe that testing is prudent at the present
time until better data are available.

DOE's interpretation of the testing requirement as being
applicable to the time of emplacement is consistent with our
intent. This requirement was based on our conclusion that
continued flammability testing of waste containers after
emplacement was not necessary (although it should be noted that
the test plan for the bin-scale experiments calls for ongoing
monitoring of the atmospheres of individual bins). The
concentration of volatile organic compounds should gradually
decrease over time as the vapors slowly diffuse out of the
containers through the carbon composite filter. Methane levels
may increase in waste forms that are readily biodegradable.
Hydrogen levels may rise or fall, depending on the relative rate
of diffusion through the filters and the rate of hydrogen
generation due to radiolysis and corrosion; these will vary among
different waste containers. However, we believe a fire and
explosion concern would only arise when an ignition source is
present. (As stated in our final no-migration decision, we do
not view spontaneous combustion as a credible scenario.) An
ignition source could take the form of a spark caused by a blow
to a container during handling or by an electrostatic discharge,
also associated either directly or indirectly with container
handling. As long as the container is not moved or otherwise
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handled, the hazard of fire or explosion is greatly diminished
once a container is emplaced, even if the headspace gases should
eventually come to be within the flammable range. (It should be
notaed that electrical gfounding of the bins, as called for in the
bin-scale test plan, should eliminate the container itself as a
source of electrostatic charge.)

If retrieval of the experimental wastes should prove
necessary, the retrieval plan submitted by DOE would need to
revisit the fire and explosion issue. The question of whether
flammability testing might again be appropriate would be
addressed at that time. More generally, however, the issue of
fire and explosion hazard during ongoing waste management
operations may be more appropriately addressed through permitting
requirements, as established by the New Mexicc Envircnmental
Improvement Division.

Thank you for your interest in this very important issue.

Sincerely yours,
P= /7%/

Don R. Clay
Assistant Administrator
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ANL-E
CH-TRU

DOT
EEG
EPA
FSAR
FSEIS
INEL
LANL
LCoO

LFL

ORNL
PVC
RH-TRU
RTR
RWMC
SAR
SPMS
SSDC
SWEPP
TRAMPAC
TRU
TRUCON
TRUPACT-II
UOR
vocC
WaAC

LIST OF ACRONYMS

Argonne National Laboratory-East
Contact handled transuranic '

U.S. Department of Energy

U.S. Department of Transportation
Environmental Evaluation Group

U.S. Environmental Protection Agency
Final Safety Analysis Report

Final Supplement Environmental Impact Statement
Idaho National Engineering Laboratory
Los Alamos National Laboratory
Limiting condition for operations
Lower explosibility limit

Lower flammability limit

milliJoule

Oak Ridge National Laboratory
Polyvinyl chloride

Remote handled transuranic

Real time radiography

Radioactive Waste Management Complex
Safety Analysis Report

Safety Performance Measurement System
System Safety Development Center
Stored Waste Examination Pilot Plant
TRUPACT Authorized Methods for Payload Control
Transuranic

TRUPACT-II Content Codes Document
Transuranic package transporter II
Unusual occurrence reports

Volatile organic compound

Waste acceptahce criteria
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