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Background

X-rays of drum 68660

01970 s & 1980s waste from plutonium recovery

o Nitric acid-washed metal nitrate salts

o Transuranic elements
oLiquids removed (remediated) with absorbent*
oWaste called remediated nitrate salt (RNS)

oRNS Drum 68660 thermally ignited in repository
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oRoot cause of ignition unknown for 8 years

oRepository shut down for 3 years (2014-2017)

0113 RNS drums currently stored in Texas
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*Most of the waste was mixed with an inorganic absorbent, but a fraction was mixed with an
organic absorbent (kitty litter). Surrogate Model

Could similar RNS drums thermally ignite after more than 8 years?



Modeling decomposing waste*
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1. Intreduction

A waste stream originating in the 1970 s and 1980 s from plutonium
recovery operations included metal nitrate salts that were washed with
concentrated nitric acid, air dried, and packaged for storage. This waste
stream also contained Transuranic (TRU) waste containing manmade
elements heavier than uranium that are alpha-emitting radionuclides
with half-lives greater than twenty years in concentrations greater than
100 nanocuries per gram of waste (What is Transuranic Radioactive
Waste, 2022). The free liquids were removed (or remediated) by adding
an adsorbent to the nitric acid. This waste is referred to as remediated
nitrate salt waste (RNS waste). The RNS waste was remediated using an
organic kitty litter, placed in Drum 68660, and then placed in the Waste
Isolation Pilot Plant (WIPP) on 2/1/2014. The graphical abstract shows
the assumed contents of Drum 68660 divided into four layers: 1) trash,

* Corresponding author.

2) liquids, 3) salts, and 4) air. The trash layer was composed of 11 kg of
miscellaneous items such as a tungsten-lined glove, an empty plastic
bottle, plastic bags, etc. The liquid layer was composed of 3.3-molar
nitric acid with dissolved nitrate salts. This liquid was neutralized
with 3.3-molar triethanolamine (TEA). The resulting layer was then
adsorbed using a kitty litter known as Swheat Scoop®. The kitty litter is
100 % wheat and includes starches, cellulose, proteins/enzymes, lipids,
‘minerals, lignin, and other polymeric carbohydrates. The salt layer was
composed of a mixture of kitty litter mixed with nitrate salts. The
‘headspace was composed of air.

WIPP is a transuranic waste repository isolating TRU waste drums
2150 feet underground in a salt formation. Breach of Drum 68660
caused a radiological release resulting in th itory being shut down
for about 3 years from 2/14/2014-1/9/2017 and costing at least half a
billion US dollars. The original cost estimate was two billion dollars.

E-mail addresses: mlhobbs@sandia.gov (ML Hobbs), brittp! il.com (PF. Britt), il (D.T. Hobbs), ia.gov
(M.J. Kaneshige), michael.minette@pnnl.gov (M. Minette), (. Mintz), frank doe.gov (FM. gov
(GR. Parker Jr.), robert pi loe.gov (R. Plerce), (D.M. Rosenberg), jon. o i v
(A. Williams),

! Retired

https://doi.org/10.1016/].psep.2022.09.047

Received 25 August 2022; Received in revised form 20 September 2022; Accepted 20 September 2022

Available online 22 September 2022

0957-5820/Published by Elsevier Ltd on behalf of Institution of Chemical Engineers. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

* Waste is kitty litter (wheat), Ca(NO5) ,*4H>0, Mg(NO3),*6H,0 5, NaNOs, Fe(NOs); *9H,0 + minors

Spherically elastic mechanics

Centerline Temperature, °C

C2.1(,H8_64N1,207,3Mg0,34Na0,22CaO_OGFeom — 3.38 H20 +0.45 CH4 +1.2 C02 +0.6 N2 +0.04 H2 +0.01 Fe304 +0.28 MgCO3 +0.11 NCIQCO::, +0.06 CCIMg(CO:;) 5t heat

Waste is either permeable, impermeable, or both.



What caused runaway in Drum 686607

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
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Predicting runaway in Drum 68660
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Drum 68660 would not have runaway with ample venting.



Sandia Instrumented Thermal Ignition (SITI) experiment
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Similarity of reactive contents outweighs waste diversity.



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?

Model validation
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Modeling RNS drums at Waste Control Specialists (WCS)

Fate of 313 RNS drums I 2 Standard Waste
round leve
(144 WIPP, 56 LANL, 113 WCS) 30 cm sand Boxes (SWBs) in MCC
144 drums

Gravel

__56 drums
113 drums
in SWBs

WCS-surface
thermocouple
May-July 2014 metal pallet

- 113 drums )?
in MCCs* 180 cm —>

*Modular concrete container

Model application to aging RNS drums buried at WCS

SWB




Have buried RNS drums ignited?

Ground level T decay following runaway Observations
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Thermocouples capable of detecting thermal runaway



Temperature data shows reactivity

Initial data in 2014 Initial data in 2014 Estimates for 13 years
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Seasonal temperature changes with no unusual excursions

Seasonal reactivity fluctuations supported by CO, and N,O measurements



High temperatures accelerate rates

High of 308 K (95 °F) High of 328 K (131 °F)
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Thermal runaway is unlikely in vented drum



Pressure accelerates rates

8 psi change results in order of magnitude increase in reaction rate (e.g., [(14.7+8)/14.7]>4 = 10.4)

Boundary at 307.8 K (94 °F) Boundary at 300 K (80 °F)*
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*Vented drum (n = 0) placed at WIPP after 10 years, then becomes sealed (n = 5.4)

Plugged drum can runaway even after aging for 10 years



Uncertainty in Drum 68660 predictions
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U tainty parameters
# Symbol Description Range mean r for 68660 r for 68660
impermeable permeable
80 1 Coarz  Specific heat at 273 K, J/kgK 1090-1210 1150 0.09 0.06
2 Cp343 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
o 4% ,  Bulk density, kg/m? 745-825 785 -0.82* -0.67*
60 o
n 5 gecay Radiation source, W 0.12-0.18 0.15 -0.12 -0.09
o 6* Vex Excess vol. (i.e, headspace), m®>  0.10-0.12 0.11 0.06 0.58*
0 7 Uhrxn Heat of reaction multiplier 0.95-1.05 1 -0.14 0.03
40 5 g* oo Moisture mass fraction 0-0.066 0.033 -0.39* -0.24
2] 9* X Rate multiplier 0.95-1.05 1 -0.33* -0.37*
a 10 & Emissivity 0.45-0.55 0.5 -0.27 -0.13
S
20 & *Ir| = 0.3 is significant

o Latin Hypercube Sample analysis
olmportant parameters

oInitial bulk density
o Moisture mass fraction
o Headspace volume

o Rate multiplier

Most significant assumption is bed permeability



Summary and conclusions

, Carbon frit
oModeling LANL drum tests shows pressure dependency » 1@

oModel verified experimentally at multiple laboratories plugged
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

..\'.:‘.* ) h' {5
*Limits TRU dissolved in brine and adsorbs CO,

Pressurization caused runaway in Drum 68660



