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Background

o1970 s & 1980s waste from plutonium recovery
oNitric acid-washed metal nitrate salts

oTransuranic elements

oLiquids removed (remediated) with absorbent*
oWaste called remediated nitrate salt (RNS)
oRNS Drum 68660 thermally ignited in repository
oRoot cause of ignition unknown for 8 years
oRepository shut down for 3 years (2014-2017)
o113 RNS drums currently stored in Texas
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X-rays of drum 68660
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Could similar RNS drums thermally ignite after more than 8 years?

*Most of the waste was mixed with an inorganic absorbent, but a fraction was mixed with an 
organic absorbent (kitty litter). 



C2.16H8.64N1.2O7.3Mg0.34Na0.22Ca0.06Fe0.03⟶ 3.38 H2O + 0.45 CH4 + 1.2 CO2 + 0.6 N2 + 0.04 H2 + 0.01 Fe3O4 + 0.28 MgCO3 + 0.11 Na2CO3 + 0.06 CaMg(CO3) 2 + heat
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Waste is either permeable, impermeable, or both.

Modeling decomposing waste*
Details in Process Safety and Environmental Protection 167 (2022) 543-549

*Waste is kitty litter (wheat), Ca(NO3) 2*4H2O, Mg(NO3)2*6H2O 2, NaNO3, Fe(NO3)3 *9H2O + minors



oContents were not unique or unknown
oOnly 1 drum known to have ignited
oCulprit: nitric acid-soaked organic kitty litter (yes)
oCulprit: incompatible acid neutralizers (no)
oHypothesis: runaway caused by restricted vent
oObservation: reaction rates decelerate when vented
oObservation: reaction rates accelerate when sealed

Pressure dependent rate expression matches observations.
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LANL drum tests
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What caused runaway in Drum 68660?



Predicting runaway in Drum 68660
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Sandia Instrumented Thermal Ignition (SITI) experiment
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Similarity of reactive contents outweighs waste diversity.

†Ca(NO3)2*4H2O, Cr(NO3)3*9H2O, Fe(NO3)3*9H2O, Mg(NO3)2*6H2O,
NaNO3, Pb(NO3)2, oxalic acid (COOH)2, H2O, and kitty litter

Te
m

pe
ra

tu
re

, K

Time, s

Waste model
prediction

Initial
exotherm

Color lines (See part c)Black lines (model)

500

400

300

200010000

Te
m

pe
ra

tu
re

, °
F

300

200

100

400

5 K/m

†6 different LANL surrogates
with varying amounts of nitrates



Accelerating Rate Calorimeter (ARC) at PNNL

Thermal hazard technology
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Validated with data from LANL, WIPP, SNL, and PNNL.

What about 113 RNS drums in Texas?



Modeling RNS drums at Waste Control Specialists (WCS)

2 Standard Waste
Boxes (SWBs) in MCC

Ground level
30 cm sand

SWB

SWB

Gravel

15 cm concrete
5 cm air

180 cm

metal pallet
thermocouple

!"#$%$&
2/14/2014

'$()*+,*-.-*!/0*12"34
5.66*7899:*;<*=>/=:*..-*7?0@

0($2(
10/2012

7?0A4"2,$B)
May-July 2014

7?0AC"2D)1
7/16/2014

E

=>/=A4"2,$B)
2014 to 2017

2)A2)3)1D$()1
May to Nov 2017

;<*12"34
.66*12"34

..-*12"34
D#*F??4G

..-*12"34
D#*07H4

GF+1"I$2*B+#B2)()*B+#($D#)2

Model application to aging RNS drums buried at WCS



Have buried RNS drums ignited?

Ground level
30 cm sand

SWB

SWB

Gravel

15 cm concrete
5 cm air

metal pallet
thermocouple

180 cm (~6 ft)

T decay following runaway

o Ignites and burns

oAdiabatic flame temp., 900 K

oConductive energy dissipation

oRunaway drum cools in 40 days

oThermocouple should see 100 K 
change within 10 days

oNo such excursions measured

oAre the buried RNS drums safe?

Observations

Flame ~900 K

Surrounding soil
at 300 K

6 feet

drum
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Temperature data shows reactivity
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High temperatures accelerate rates

Vented: no ignition
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Pressure accelerates rates

Boundary at 307.8 K (94 ℉)

Sealed: ignition
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Plugged drum can runaway even after aging for 10 years

*Vented drum (n = 0) placed at WIPP after 10 years, then becomes sealed (n = 5.4)
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8 psi change results in order of magnitude increase in reaction rate (e.g., [(14.7+8)/14.7]5.4 = 10.4)



Uncertainty in Drum 68660 predictions

# Symbol Description Range mean r for 68660 
impermeable 

r for 68660 
permeable 

1 Cp,273 Specific heat at 273 K, J/kgK 1090-1210 1150 0.09 0.06 
2 Cp,343 Specific heat at 343 K, J/kgK 1490-1650 1570 0.02 0.01 
3 k Thermal conductivity, W/mK 0.2-0.6 0.4 -0.24 -0.05 
4* rbo Bulk density, kg/m3 745-825 785 -0.82* -0.67* 
5 !̇!"#$% Radiation source, W 0.12-0.18 0.15 -0.12 -0.09 
6* Vex Excess vol. (i.e, headspace), m3 0.10-0.12 0.11 0.06 0.58* 
7 Uhrxn Heat of reaction multiplier 0.95-1.05 1 -0.14 0.03 
8* wh2o Moisture mass fraction 0-0.066 0.033 -0.39* -0.24 
9* X Rate multiplier 0.95-1.05 1 -0.33* -0.37* 
10 e Emissivity 0.45-0.55 0.5 -0.27 -0.13 

 

Uncertainty parameters

*|r| ≥ 0.3 is significant 
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oLatin Hypercube Sample analysis
o Important parameters

o Initial bulk density

oMoisture mass fraction 

oHeadspace volume

oRate multiplier

Most significant assumption is bed permeability



Summary and conclusions

oModeling LANL drum tests shows pressure dependency
oModel verified experimentally at multiple laboratories
oDrum tests at LANL
oSmall-scale SITI tests at SNL
oSmall-scale ARC tests at PNNL
oAccident at WIPP

oPressurization (not unique composition) caused runway
oContents of RNS drums are not fundamentally different
oModel applied to RNS drums stored at WCS
oVented drums are relatively safe
oSealed drums are dangerous

Pressurization caused runaway in Drum 68660

plugged

Carbon frit

MgO*

68660

*Limits TRU dissolved in brine and adsorbs CO2


