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EXECUTIVE SUMMARY

Methane generation has been detected during thermolytic Hydrogen Generation Rate (HGR) testing of SRS
tank waste and in simulant samples. Simulant testing has shown methane generation in the presence of
trimethylsilanol (TMS) and radioactive sample testing has shown methane generation in presence of
methylmercury, both of which are found within SRS waste tanks. The 2019 report Evaluation of the Current
State of Knowledge for Thermolysis of Organics within SRS Waste Forming Volatile Organic Compounds
(VOCs) reviewed historical data and assessed literature pertaining to thermolytic methane generation. That
review recommended undertaking thermolysis studies on simulated waste to detect and quantify VOCs.
The purpose of this assessment is to review chemistry and current knowledge of organics in SRS waste to
recommend which organics in SRS waste tanks, if any, should be tested for thermolytic methane generation.
An evaluation of observed methane generation rates has been performed to assess the implication for current
CSTF controls. Based on the inputs used in this report, it was concluded that no methane generation data
observed to date has challenged the existing 5% organic contribution to the Composite Lower Flammability
Limit (CLFL) assumption in the CSTF tank farm at temperatures below 100 °C.

Evidence shows that thermolytic pathways to methane generation become significant at temperatures
>100 °C in caustic waste. Currently, the influences of thermolytic methane production on the flammability
of vessels at >100 °C (e.g., evaporators) is unclear. It is recommended that testing should be undertaken
using the HGR experimental approach for methane generation. The initial simulant testing should obtain
guantitative methane generation rates at elevated temperatures for methylated siloxanes/silanes and
methylmercury with the goal of determining the current mechanism for thermolytic methane generation
seen in SRS tank waste. The results of this testing should then be compiled and analyzed to ascertain the
risk of challenging the current projected organic contribution of 5% to the CLFL at elevated temperatures.
Following this testing, an evaluation of possible flammable gas generation in the 2H and 3H Evaporators
should be performed to assess the risk of methane generation at the high temperatures employed by the
evaporators.
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1.0 Introduction

Methane was detected during hydrogen generation rate (HGR) testing of Savannah River Site (SRS) waste
samples from Tanks 28, 38, and 44.>* Methane was also detected in further thermolytic HGR testing,
specifically with simulants containing trimethylsilanol (TMS).® This evidence of thermolytic methane
generation prompted the authoring of the report, Evaluation of the Current State of Knowledge for
Thermolysis of Organics within SRS Waste Forming Volatile Organic Compounds (VOCs).® That review
assessed the current knowledge of VOCs from thermolysis in organics in SRS caustic tank waste,
recommending further experiments to measure the methane generation rate. This report is an extension of
the discussion found within the previously mentioned assessment, as well as what is found in Section 4
(Thermolysis Releasing Other Flammable Compounds) and Section 9 (Volatile Organic Compounds) of X-
ESR-G-00062." The following areas of inquiry were pursued in this evaluation:

e Reexamination of previous studies of organics in nuclear waste to assess the current knowledge
on thermolytic reaction pathways that lead to VOC formation,

e Understanding of the mechanistic pathways of organic compounds responsible for methane
generation in the Bayer Process,

e Literature search on silanol and siloxane chemistry to help propose a mechanism for the methane
generation seen in the TMS experiment,

e Review of the current knowledge on organomercury chemistry in SRS waste,

o Review of known organics found in SRS waste as they relate to methane generation, and

e Evaluation of methane generation rates observed at SRS.

2.0 Thermolytic Methane Generation

2.1 Organic Mechanistic Studies on Hanford Site Waste

There has been a substantial amount of prior work to understand the radiolytic and thermolytic pathways
to flammable gas generation within nuclear waste. For thermolysis, most mechanistic studies have been
done on Hanford site waste which, in comparison to SRS, has its own unique profile of organics in its waste
stream.®*2

The oxidation pathways of organics in waste that leads to VOC generation is based principally on either
radiolytic or thermal processes as described by Stock in Figure 2-1.1 Typically, these pathways involve the
formation of reactive free radicals, by either radiolytic or certain thermal processes, that react with the
organics in the waste stream. These pathways form organic free radicals which can then react with other
organics, and these cascading reactions can eventually lead to the formation of VOCs. VOC generation
from other processes that do not involve reactive free radicals are also taking place simultaneously. These
processes typically involve the reaction of organics with ionic reagents within the waste stream to form
more reactive species that are quickly oxidized, potentially producing VOCs in the process.
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Figure 2-1. Principal Reaction Pathways for Oxidation of Organic Compounds.

A majority of the previous mechanistic studies were done on metal complexants such as glycolate, citrate,
ethylenediaminetetraacetate ion (EDTA), and (hydroxyethyl)ethylenediaminetriacetate ion (HEDTA),
which are either not currently found in SRS waste, or are found in only trace amounts.” This work has been
previously summarized.'? For example: citrate degrades to acetate and oxalate by hydroxide ions with little
gas produced in a “reverse Claisen” reaction, glycolate and HEDTA degradation pathways involve an
aluminum-catalyzed reaction in the presence of nitrite ions that is not fully understood, and EDTA is
relatively inert under the conditions studied.® These reaction pathways lead to aldehyde intermediates which
can undergo hydroxide-ion catalyzed “Cannizzaro reactions” to produce flammable hydrogen gas. These
complexants do not contain methyl groups, but methane generation was observed during degradation
studies. This methane is potentially produced from methyl-containing intermediates in certain reaction
pathways. For example, acetate is produced during the decomposition of citrate and could be a source for
methane gas. The methane-to-hydrogen ratio in this testing was found to increase with temperature, going
from <0.05 at 60 °C, to approaching values between 0.5-1 at 120 °C.°

2.2 Methane Generation in the Bayer Process

The Bayer process, the predominant industrial process in the production of alumina, has similar caustic
aqueous conditions to storage and processing of SRS waste. Section 2.6 (Thermolysis Reactions in Caustic
Solution Related to The Bayer Industrial Process) in SRNL-STI-2018-000163, covered the work done by
Costine and co-workers on the thermolytic degradation of organic compounds present in the Bayer process.®
In summary, they found that thermolysis tends to show a hydrogen-to-methane molar ratio of >75.

Laird et al. took a further look at the underlying substances responsible for the VOCs seen in the Bayer
process.*® They looked at volatile products formed from the degradation of organics, both low and high
molecular weight (LMW and HMW), in a synthetic Bayer liquor (6 m (mol kg*) NaOH at 180 °C). In their
study, both methane and hydrogen gases, along with some other VOCs, were detected in the thermal
decomposition of all three HMW substances (humic acids, cellulose, and lignin). Of the nine LMW organics
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studied, hydrogen gas was detected in the headspace analysis of six of them. Methane gas was also detected
in the headspace analysis of lactate, the only LMW compound studied that contains a methyl group. As
shown in Figure 2-2, two reaction pathways, based on a base catalyzed oxidation by water, were proposed
that would involve the deprotonation of the aliphatic hydroxyl group, followed by the formation of an O-C
double bond and the elimination of a methyl group carbanion. The methyl carbanion could then abstract a
proton from water to generate methane. With respect to methane generation in SRS waste, a study of organic
compounds that contain methyl groups found in SRS should be considered. As in the Hanford complexant
testing, degradation pathways of organic compounds that lead to the formation of reactive species
containing methyl groups may also be potential sources for methane generation.
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Figure 2-2. Proposed Mechanism for the Reaction of Lactate in 6 m NaOH at 180 °C.%°

2.3 Antifoam Degradation Compounds

In HGR radioactive waste testing, methane was detected in samples at elevated temperatures for Tanks 28,
38, and 44."* Volatile organic analysis (VOA) of the Tank 44 samples found 0.9 mg/L of
octamethylcyclotetrasiloxane.* Octamethylcyclotetrasiloxane is possibly a degradation product or impurity
of antifoam H-10, a polydimethylsiloxane-based antifoam that was formerly used in Concentration, Storage
and Transfer Facility (CSTF) evaporators. All three of these tanks are current or former evaporator drop
tanks that contain saltcake and the polydimethylsiloxanes might be the source of the methane generation.
VOA samples were taken for each tank, but only Tank 44 material was shown to have measurable
concentrations of OMCTS.

As previously reported in Antifoam Degradation Testing SRNL-STI-2015-00352, Antifoam 747, used in
the Defense Waste Processing Facility (DWPF), decomposes to form the flammable organic products
hexamethyldisiloxane (HMDSO), trimethylsilanol (TMS), and propanal.** In limited testing, TMS has been
detected in CSTF Tank 22 at 2.7 mg/L and in DWPF processing samples at 11 mg/L.*>** HMDSO and
propanal were not detected in the Tank 22 sample and were near or below detection limits in DWPF samples.
In recent HGR simulant testing with TMS (added at 256 mg/L), methane was observed in the offgas at
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100 °C along with HMDSO.® Silanol chemistry was investigated further to understand the mechanism for
this methane generation.

In the TMS simulant test, HMDSO was the major gas detected in the headspace analysis. This well-known
condensation/hydrolysis equilibrium between TMS and HMDSO has been previously studied.*"8

MesSi—OH + HO—SiMe; =——= Me3Si—O0—SiMe; + H,0

The Si—C bond (69 kcal/mol) is significantly weaker than the Si—O bond (112 kcal/mol). However, the Si-O
bond is much more polar, and the low-lying d orbitals on Si make it easily attacked by nucleophiles. As
such, silanols can be fully deprotonated in aqueous solutions, forming silanolates.*®*

MesSi—OH + OH- MesSiO™ + Ho0

It can be assumed that the above two equilibrium processes are taking place simultaneously in caustic
solutions. The cleavage of Si—C bonds is much more rare; examples include by concentrated sulfuric acid,
pyrolysis, photocatalysis, and free radicals.”® Mercury is known to cleave Si—C bonds, and TMS as well as
polydimethylsiloxanes are potentially a major source for the dimethylmercury found in the High Level
Waste stream.?! A previous study by Tatlock and Rochow found that the Si-C bond in HMDSO can be
cleaved, generating methane gas when HMDSO is treated with a strong base at elevated temperatures
(>100 °C).?? In the presence of water, the methane generation was found to be much faster, possibly showing
that this reaction involves a base-catalyzed oxidation by water (Figure 2-2), similar to the lactate example
mentioned in Section 2-2.

Recent HGR testing identified methane formation from a variety of waste tank conditions (Tank 28, Tank
38, and Tank 44 material) and noted an absence of methane at other conditions (e.g., Tank 22 material).
The concentrations and speciation of Si—C bonds in these samples is largely unknown. Due to the nature of
silanols in solution, the unknown reactivity of doubly- versus triply-methylated silicon, and the varied
matrices in tested samples, an exact pathway to methane generation observed in the recent HGR testing
cannot be conclusively ascertained, and further studies are recommended.

HCO“H
ch\ /CH3 ) CH4
H:CSi  CHa HaC./ CH HO_ CHs
O(HO—Si\—CH3 — [HC-5  CH L» HiC-8  CHy
CH, HO ©-Si-CH; 0-Si-CH
CHs CHs
HsC, _ch, HC _ch,
.S & _Si
HSC bH H3C b_

Figure 2-3. Proposed Mechanism for the Methane Generation in TMS HGR Testing.

2.4 Organo-Mercury Compounds

Organo-mercury compounds are present in the SRS CSTF tanks.” Dimethylmercury concentrations are
typically below 1 mg/L, while methylmercury (MeHg*) concentrations have been found up to 200 mg/L.3
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It is suspected that CHsHgOH is the predominate form of methylmercury in caustic tank waste.?* The large
concentrations of methylmercury found in tank waste is primarily due to its solubility and low vapor
pressure. With over 60 MT of mercury in SRS tanks, one would anticipate methylmercury concentrations
to continually increase over time.®

Simulant waste studies at three temperatures (39 °C, 65 °C, and 83 °C) found that in the presence of organics,
Hg(Il) is rapidly methylated to methylmercury; however, a rate for the methylation could not be determined
due to the nature of the study.?®*” In comparison, the rate of formation for dimethylmercury is relatively
slow, but increases with increasing temperature. An unidentified solid was the major product at the highest
tested temperature (83 °C), and the following reaction mechanism was proposed:

* *

M
Hg?* =—= MeHg" Me,Hg (aq)
+2
+9
Hg? (s)

where Me* is an organic methyl donor. The demethylation process is slow in comparison due to the stability
of the Hg-C bond. Typically, demethylation occurs by either a photochemical or a biological process.
Photolysis and biological generation of flammable gases were discussed in X-ESR-G-00062 and were not
considered to be an appreciable source of flammable gases found at CSTF.* Mercury is known to be both
thiophilic and selenophilic.?®* For example, through a proton-transfer reaction, selenoneine cleaves the
Hg-C bond of methylmercury halides, generating methane.* This was recently demonstrated by SRNL
with Tank 50 waste simulant spiked with methylmercury in the presence of excess sulfide.*

Methane generation was detected during HGR testing on Tank 38 waste and a high boiling point (HBP)
simulant, as shown by the red dots in Figure 2-4.* Due to experimental limitations during the HBP simulant
test, a methane generation rate could not be determined quantitatively from this study. From previous
speciation testing of mercury in Tank 38, the concentrations of methylmercury and dimethylmercury were
160-200 mg/L and 0.0525-0.148 mg/L respectively.*> The HBP simulant had 450 mg/L of Hg(NOs),, and
as mentioned above, Hg(ll) is rapidly methylated in the presence of organics. It is possible that a methylated
mercury species is partially accountable for the methane generated. It should be noted that the HBP simulant
also contained TMS and more testing is needed to determine if the methane generated was from TMS, a
methylated mercury species, a combination of the two, or another organic species entirely.
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Figure 2-4. (Top) Concentration of Hydrogen and Methane in HBP Testing. (Bottom) Concentration of
Hydrogen and Methane in Tank 38 Testing.!
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Based on current knowledge, Crawford et al. proposed the following Methane Generation Rates (MGR) for
dimethylmercury and methylmercury.® Using 1 mg/L, the maximum known concentration of
dimethylmercury in tank waste, and degradation data for dimethylmercury, an estimated methane
generation rate of 9.1E-09 to 2.0E-06 ft*/gal-hr in the temperature range of 39 to 170 °C was postulated.®
Methylmercury is the predominate organo-mercury found in SRS waste, but there is a lack of data on
methylmercury in caustic solutions. For comparison, using the maximum concentration found for
methylmercury in CSTF of 200 mg/L, a methane generation rate of 2.2E-07 to 4.5E-02 ft¥/gal-hr in the
temperature range of 26 to 170 °C in reagent water was estimated.®

2.5 Organics found in CSTF

A large assortment of organic compounds has been discharged into the tank farm throughout the history of
the site.>® Most of these are present in such dilute amounts that they are considered to be an insignificant
source of thermolytic methane. Others such as oxalate and formate, processing chemicals used in DWPF,
are stable in the aqueous waste and are not considered a source of methane. N-paraffin and tri-n-butyl
phosphate (TBP) make up the solvent for the Plutonium Uranium Redox Extraction (PUREX) separation
process. Most of the n-paraffin is volatilized in canyon evaporators before reaching the tank farms. It is
estimated that approximately 1,520 MT of tri-n-butyl phosphate has been sent to the tank farm.>* The
decomposition of TBP in the tank farm has been extensively studied, and has been shown to follow the
reaction sequence shown below:

(C4HgO)3PO  + OH — (C4Hg0),PO;" + C4HOH

TBP DBP n-BuOH
(C4HgO)POy + OH — (C4HgO)POs* + C4HgOH
DBP MBP n-BuOH
(C4HoO)POZ> + OH ——  PO>  + C4HeOH
MBP n-BuOH

TBP is hydrolyzed in the caustic waste, forming di-butyl phosphate (DBP) and butanol. DBP also can
undergo hydrolysis, forming monobutyl phosphate (MBP) and butanol.** Methane and other VOCs are
produced from radiolysis of TBP.* In thermolytic simulant testing of TBP, no evidence was found of
methane generation from TBP or its degradation products.

The Caustic Side Solvent Extraction (CSSX) solvent for cesium removal can get entrained in the aqueous
waste stream and transferred to the tank farm.” The historical composition of the solvent over time is listed
in Table 2.1. The CSSX diluent Isopar® L would have similar behavior to N-paraffin from the PUREX
solvent in CSTF; as such, it is not considered a contributor to thermolytic generation of methane. Previous
thermal studies on the CSSX solvent were performed at temperatures <61 °C, temperatures that thermolytic
pathways to methane would most likely not predominate. However, organic products in the degradation
pathways for certain CSSX solvent components (suppressor and modifier) have methyl ligands that could
be a source for thermolytic methane generation. It should also be noted that thermolysis of CSSX solvent
was investigated in Tank 38 simulant and shown to be relatively inert at concentrations expected in Tank
50 (only tank in which CSSX solvent is expected).

An estimated 56.4 MT of spent ion exchange resins have been transferred to the tank farm, with two-thirds
of it digested in alkaline permanganate prior to transfer.* The resins have a polymeric backbone made of
polystyrene or a styrene-divinylbenzene copolymer. Fragmentation of the resin from the permanganate
digestion leaves short-chain alcohol and carboxylic acid groups.®® The anion resins typically contain a
guaternary amine functional group, which upon radiolytic degradation forms amines such as methylamine,
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dimethylamine, and trimethylamine. Trimethylamine is thermally stable up to 350 °C and has been found
to form dimethylamine and formaldehyde when oxidized.***” The authors found no evidence for
thermolytic methane generation from methylamines in caustic waste. As previously proposed, most of the
methane is generated by reactive organic intermediates in both radiolytic and thermolytic pathways. Except
for methylmercury and TMS, where thermolytic methane generation rates can be obtained, the organic
chemical variability within SRS tanks, coupled with the short life span of these intermediates, makes it
difficult to ascertain direct methane generation pathways.

Table 2-1. CSSX and NG-CSSX Solvent Components.*

Original (CSSX) Solvent Next-Generation (NG-

Component Function : o CSSX) Solvent
Concentration (wt %) Concentration (wt %)
MaxCalix
1,3-alt-25,27-bis(3,7-dimethyloctyl-1-oxy) Extractant 0 2.40
calix[4]arenebenzocrown-6
BoBCalixC6
Calix[4]arene-bis(t-octylbenzo-crown 6) Extractant 0.94 0
Cs-7SB .
1-(2,2,3,3-tetrafluoropropoxy)-3-(4-sec-butylphenoxy)-  Modifier 29.67 20.73
2-propanol
DCiTG*
N,N’-Dicyclohexyl-N"’-isotridecylguanidine Suppressor 0 0.23
TOA
Tri-n"octylamine Suppressor 0.12 0
®
Isopar_ L Diluent 69.26 76.72

Cy,-isoparaffinic hydrocarbon

3.0 Evaluation of Methane Generation Rates Observed at SRS

To date, methane has been observed in several HGR experiments performed by SRNL, including testing
with samples from Tanks 28, 38, and 44. The observed methane rates and conditions of each experiment
are listed in Table 3-1.

Table 3-1. Observed Methane Generation Rates in Previous HGR Testing with Waste Samples.

Material Temperature Sodium Hydroxide Observed MGR
(Tank No.) (°C) (M) (M) (ft2 h't gal ™)
28 124.8 13.0 8.23 <5.7E-07
38 1115 7.79 2.85 5E-07
44 106.7 6.28 <0.01 1.8E-06
44 100 6.28 <0.01 5.4E-07

Table 3-1 shows the majority of tests with appreciable methane formation were performed at temperatures
higher than 100 °C. A notable exception to this observation is the measurement of methane generated from
Tank 44 material at 100 °C.

The Tank 44 test described in Table 3-1 was performed by dissolving saltcake samples from Tank 44 and
heating the combined dissolved salt solution. The analysis of this material revealed a concentration of
0.9 mg/L octamethylcyclotetrasiloxane and no detectable levels of organomercury. The presence of
octamethylcyclotetrasiloxane is possibly indicative of organic material related to the historic additions of
Dow H-10 (chemically identical to Xiameter AFE-1010, a polydimethylsiloxane-based antifoam agent).
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The presence of residual antifoam compounds in saltcake is not surprising given the prior addition of
antifoam to evaporator pots during waste evaporation and minimization campaigns.

The relatively high reactivity of methane production in Tank 44 (relative to rates observed in Tank 28 and
Tank 38 testing) merits additional discussion. A few possible explanations may be put forward. First, it
should be noted that the 0.9 mg/L of octamethylcyclotetrasiloxane measured in Tank 44 dissolved salt
solution was determined by SRNL’s volatile organic analysis/semivolatile organic analysis (VOA/SVOA)
techniques, which employ a gas chromatograph/mass spectrometer to ascertain organic concentrations.
While octamethylcyclotetrasiloxane is sufficiently volatile to be measured by GC/MS, it is uncertain if
heavier oligomers of polydimethylsiloxane were present in the Tank 44 dissolved salt solution.
Octamethylcyclotetrasiloxane is known to exist in equilibrium with other polydimethylsiloxane species, so
it is reasonable to assume that other methylsilicone species were possibly present in solution that could not
be analyzed. Additionally, the Tank 44 HGR experiment was conducted at a reduced hydroxide and sodium
concentration (relative to Tanks 28 and 38). Polydimethylsiloxane and its derivatives are known to be
hydrophobic. It is possible that increased concentrations of methylsiloxanes were available in Tank 44
dissolved salt supernatant solution due to the reduced ionic strength in the solution relative to that of the
interstitial liquid in a saltcake remaining after dissolution. The hypothetical increased concentration would,
in this case, be a contributor to the relatively high reactivity.

While it seems that the increased reactivity observed in Tank 44 methane generation is possibly linked to
dissolved salt solutions previously exposed to H-10 antifoam, it is beneficial to evaluate the implication of
similar rates across the CSTF in the event of transfer of dissolved salt solution to additional tanks for storage.
This evaluation may be made by first determining a temperature dependence of the MGR observed in Tank
44 testing. This is accomplished by assuming Arrhenius behavior, as is shown in the following equation:

MGR = ke 7&T

INnMGR =Ink —i
RT

A temperature-dependent expression for Tank 44 methane generation may be derived by determining the
slope and intercept of the line fit to Tank 44 data when plotted as In(MGR) (where MGR is the methane
generation rate in ft2 h™* gal™) vs. inverse temperature (as K™). The resulting equation from this fit is given
below:

MGR =1.13x10%¢ " V&t

This expression may be incorporated into existing flammability calculations in cases where direct
observation of MGR is unknown to determine the time required to reach 5% of the LFL of methane in the
headspace of a given tank. The results of these calculations are reported in Table 3-2. The calculations were
performed using inputs for temperature, free supernatant volume, and headspace volume from WCS
obtained on April 16, 2020.
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Table 3-2. Time to 5% Methane LFL Calculated Using WCS Data.

Temperature Limit

Time to 5% CH4 LFL

%CH4 LFL at 7 days

Tank’ ¢S (days) (Equivalent to %CLFL)

28T 60 o0 <3.2x10%

30 90 16.0 22

32 100 11.0 32

36 100 13.9 26

37 95 23.7 15

38" 95 116.1 0.4
43" 95 75.4 06
441 60 oo 5.0x10%

47 95 19.1 19

TOnly Tanks 30, 32, 36, 37, 38, 43, and 47 were considered for this evaluation. All other tanks were incapable of producing an
equilibrium headspace with 5% of the methane LFL when considering atmospheric breathing. Tanks 28 and 44 are included for
reference to actual measurements of MGR.

Tanks 28, 38, 43, and 44 are evaluated using observed MGRs from testing with radioactive waste material and temperature-
corrected using the activation energy observed from Tank 44 testing.

*Tanks 28 and 44 are currently defined as slow generation tanks and are therefore evaluated at 28 days rather than 7 days.

All the tanks evaluated in Table 3-2 have high assumed temperature limits (=90 °C). Further, most of these
tanks (30, 32, 37, 38, and 43) are evaporator system tanks and fall under unique control programs. As can
be seen in Table 3-2, none of the times to 5% methane LFL fall below 7 days, which is the response time
required for rapid generation rate tanks. It may be stated then that current controls in place in the CSTF
appear sufficient for managing the methane generation reactivity observed in Tank 44 testing.

In summary, the apparent reactivity of methane generation in Tank 44 HGR testing is not identified as a
threat to existing flammability controls in the CSTF for the following reasons:

e Most observed methane rates during HGR testing suggest that methane generation phenomena are
largely restricted to temperatures higher than 100 °C,

¢ No quantified observation of thermolytic methane has been made at temperatures lower than 100 °C
in CSTF testing,

e The relatively high reactivity of methane production in Tank 44 material at 100 °C is probably due
to the presence of residual methylsiloxanes added as antifoam in CSTF evaporators, and is therefore
likely unigue to saltcake- and concentrated supernatant-containing tanks,

o Transfer of material from saltcake-containing tanks will inherently dilute any reactive material,

e Re-evaporation (i.e., temperatures higher than 100 °C) is less likely to be performed for dissolved
saltcake material, and

e Based on the inputs used in this report, times to LFL for rapid generating tanks appear sufficient to
control the conservative calculation of methane generation to below 5% of the methane LFL.

It is recommended that testing be performed with methylsilicones, methylsilanes, and methylmercury
species to better understand the behavior of these organics in caustic waste.

4.0 Conclusions

Methane generation has been detected during thermolysis testing from SRS Tank waste and in simulants.
Simulant testing has shown methane generation in the presence of TMS, an antifoam degradation product,
as well as methylmercury, both of which are found within SRS waste tanks. The 2019 report Evaluation of
the Current State of Knowledge for Thermolysis of Organics within SRS Waste Forming Volatile Organic
Compounds (VOCs) reviewed historical data and assessed literature pertaining to thermolytic methane

10
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generation. That report recommended performing thermolysis studies on simulated waste to detect and
guantify VOCs.

Evidence shows that thermolytic pathways to methane generation become significant at temperatures
>100 °C in caustic waste. It is recommended that testing should be undertaken using the HGR experimental
approach for methane generation. The initial simulant testing should obtain quantitative methane generation
rates at elevated temperatures for methylated siloxanes/silanes and methylmercury with the goals of
determining the current mechanism for thermolytic methane generation seen in SRS tank waste. The results
of this testing should then be compiled and analyzed to ascertain the risk of challenging the current projected
organic contribution of 5% to the CLFL.

An evaluation of observed methane generation rates has been performed to assess the implication for current
CSTF controls. Based on the inputs used in this report, it was concluded that no methane generation data
observed to date has challenged the existing 5% organic contribution to the CLFL assumption in the CSTF
tank farm.

5.0 Recommendations, Path Forward or Future Work

The following recommendations should be considered:

¢ Simulant testing should be undertaken on methylated siloxanes/silanes and methylmercury to
measure quantitative methane generation rates. Testing involving methylmercury should also
measure HGR for comparison to previous work involving HGR as a function of Total Organic
Carbon (TOC).

e Testing should be conducted to determine the role silanes and other organics play in the
methylation of mercury in SRS waste, and how this affects thermolytic methane generation.

o Data from the testing described above (as well as literature data) should be leveraged to assess the
generation of methane and other flammable gases in the 2H and 3H evaporators, where
temperatures higher than 100 °C are expected.

11
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