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- SMECT condensate data (Batches 735, 736, and 738; includes speciation by Eurofins Frontier Global Sciences 
(FGS)) 

- OGCT condensate data (Batches 735, 736, and 738; includes speciation by Eurofins FGS) 
- RCT condensate data (Batches 735, 736, and 738; includes speciation by Eurofins FGS) 

 A Systems Engineering Evaluation (SEE) to re-establish the mercury removal capability within DWPF4. 
 A path forward to implement the SEE recommendations5. 

 
The purpose of this report is to provide a summary of the DWPF processing history in regards to mercury, document the mercury 
results obtained on the product and condensate samples and provide further recommendations based on the data obtained.  A 
summary of the highlights are found below:   
 
Summary of Highlights: 
 

• Sludge slurry, PRFT (Monosodium Titanate (MST)/sludge solids) and Strip Effluent (SE) are three main streams that are 
received at DWPF for processing.  Based on the total mercury analyses of the SE and PRFT, the total contribution of the 
mercury to the DWPF coupled operations is less than 1% during Actinide Removal Process (ARP)/Modular Caustic Side 
Solvent Extraction (MCU) operations.  This percentage increases to around 4% during Salt Waste Processing Facility 
(SWPF) operations.  Based on speciation analysis, SE is also a source of methylmercury (MeHg).  The likely source of 
MeHg is the salt solution fed to ARP/MCU which contains a small fraction of DWPF recycle material.   

• The majority of the reactions related to the mercury chemistry, outlined in the Basic Data Report (BDR), were consistent 
with the mercury analysis of the products and condensate streams.  The exception to this was the reaction chemistry for 
the OGCT and the identification of methyl and ethyl mercury (via sample analysis) in the SMECT.  

• No mercury speciation has been performed on a sample of sludge slurry.  This is needed to confirm the forms of mercury 
assumed in the BDR are correct. 

• Mercury speciation data was obtained for the SMECT, OGCT, and RCT.  Mercury species present in all three process 
vessels include ionic, elemental, and particulate mercury.   

• Ethyl mercury was found in one of the SMECT samples taken from Batch 736.  It was also found in one sample taken 
from Batch 738.  MeHg was found in all of the SMECT samples and appears to increase over the cycle time of the batch.  
Possible sources include: 

- Reaction of the degradation products of antifoam with ionic mercury species present in the condensate,  
- Steam stripping of MeHg produced/added (Strip Effluent) during SRAT and SME processing, and  
- The decomposition of dimethylmercury (DMHg) to MeHg under acidic conditions, if present.  It should be 

noted that the DMHg was found in one sample from Batch 738 at a low concentration.    
• Nitrous/nitric acid is produced as a by-product of the neutralization reactions in the SRAT and is collected in the 

MWWT and SMECT.  Nitric acid additions are also made to the SMECT to maintain the pH acidic.  These acids can 
react with the elemental mercury present in the tank’s sump and trench forming mercurous nitrate and potentially 
mercuric nitrate.   

• The mercury mass balances performed during SRAT and SME cycles indicate that a significant amount of elemental 
mercury potentially resides in the SMECT and is not removed via the MWWT. 

• The concentration of mercury in the OGCT depends on mercury reduction/ strip efficiency of the Chemical Process Cell 
(CPC) [i.e. SRAT and SME processing].  Mercury not removed during the CPC process volatilizes in the melter and is 
condensed in the OGCT. 

• The amount of mercury in the RCT is dependent on the mercury content of the SMECT and the OGCT.  Thus, the 
mercury concentration is expected to vary batch to batch based on the CPC operation, the rate of formation for 
mercurous/mercuric nitrate and other mercury species, and melter off gas (MOG) operation.  Based on the limited data 
sets, the SMECT appears to be the largest contributor of elemental mercury to the RCT. 

• Mercury material balance closure is challenging due to the changing conditions (solubility and forms) of condensate 
streams.  Based on the results of individual batches, it appears between 25% and 57% of the mercury is currently 
retained after feed preparation steps are complete.  This is inconsistent with the BDR assumption that 75% would be 
retained/removed at DWPF during SRAT processing. 

• SRAT Batch 736 indicates mercury is not consistently being removed from the SRAT as intended.  Based on the results 
of the SME, it appears the mercury was reduced during the SRAT, but not steam stripped.  The reason for this is 
unknown. 

• The sequence of the caustic addition to the RCT has changed to be earlier in the process.  The presence of elemental 
mercury in the RCT samples supports the assumption in the BDR that since mercury slowly oxidizes in caustic, the 
oxidation should occur during the long term storage in the Tank Farm.   
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• The analytical results obtained for the RCT samples did not include solids analysis (sample was decanted to remove 
solids).  Thus, the BDR assumption in regards to elemental mercury adsorbing on to the RCT solids could not be 
evaluated.   

 
Recommendations and Future Recommendations: 
 

 Nitric acid additions should be tailored to minimize the amount of nitric acid added to the SMECT to minimize oxidation 
of elemental mercury present in the tank’s sump and trench.   

 Complete the path forward actions outlined in SRR-WSE-2015-00055. 
 If possible, the SRAT Product mercury analysis should be continued, to ensure the type of behavior observed during 

Batch 736 was an anomaly. 
 Based on the formation of ethyl mercury and MeHg during CPC operations and its potential impact to Saltstone grout, 

efforts should be made to investigate the following: 
- More stable antifoams for the pH conditions of the CPC, 
- Minimization of the antifoam amounts added during CPC processing, when possible,  
- The mechanism of ethyl mercury and MeHg production in the SMECT.  Currently, literature surveys indicate 

no published data to address the reaction chemistry for the conditions that exist in the SMECT, and  
- Complete feasibility studies related to sludge speciation, conversion of organic mercury to elemental mercury, 

and grout formulations to retain higher organic mercury content as funded under Environmental Management 
Technology Development Program (Fiscal Year 2016). 

 

2.0 INTRODUCTION 

The introduction for this report has been divided into 3 sub-sections.  The intent and assumptions made with regards to mercury, 
found in the BDR, for the design of DWPF is provided in the first section.  The timeline of DWPF operation is presented in the 
second section, and an overview of the historical sample results for mercury is presented in the third section. 
 

2.1 Mercury Basis for DWPF 

The BDR for DWPF was written to provide a basis for the design and construction of DWPF.  The BDR6 has since been 
superseded by other technical baseline documents (System Design Descriptions (SDDs) and Piping and Instrumentation 
Diagrams (P&IDs) as a few examples) upon the commissioning and operation of the plant.  However, revision 139 of the 
BDR serves as a record document for historical purposes and contains assumed reactions for the mercury chemistry.6  The 
information provided in the BDR is also important from the perspective that it provides an opportunity to identify changes 
and an opportunity to understand if the flowsheet changes have influenced the behavior of the mercury in DWPF.   
 
Provided below is the summary of mercury chemistry found in the BDR for sludge washing, CPC, mercury purification, 
vitrification, OGCT/quencher/ejector/scrubbers, Decontamination Waste Treatment Tank (DWTT), and DWPF recycle 
during interim storage.  
 
Mercury Reactions assumed for Sludge Washing: 
 
HgO + NaOH → Na[HgO(OH)] (10% conversion)     Equation  1 
 ........................................................................................................................................................................................  
Mercury Reactions assumed for CPC: 
 
SRAT Soluble: 
 
Hg(NO3)2 + HCOOH	→ Hg + 2HNO3 + 2CO2       Equation  2 
 
Na[HgO(OH)] + 2HCOOH →	HgO+CO2+H2O+NaCOOH    Equation  3 
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SRAT Insoluble: 
 
HgO + HCOOH → Hg + CO2 + H2O (Target Endpoint – 0.45 wt.% Hg in final producta) Equation  4 
 ........................................................................................................................................................................................  
Mercury Reactions assumed for the Mercury Purification: 
 
Hg + 4HNO3 → Hg(NO3)2 + 2H2O + 2NO2      Equation  5 
 ........................................................................................................................................................................................  
Mercury Reactions assumed for Vitrification (1150˚C): 
 
2HgO → Hg(v) + O2         Equation  6 
 
Hg → Hg (v)          Equation  7 
 
I2 + 2Hg →Hg2I2 (99% conversion)       Equation  8 
 
4Hg + 4HCl +O2	→ Hg2Cl2 + 2H2O (90% conversion)     Equation  9 
 
2Hg2Cl2 + 4HCl + O2 → 4HgCl2 + 2H2O      Equation  10 
 ........................................................................................................................................................................................  
Mercury Reactions assumed for OGCT, Quencher, Ejector, and Scrubbers: 
 
HgCl2 + 2Na2CO3 + H2O → HgO + 2NaCl + 2NaHCO3     Equation  11 
 
Hg2Cl2 + 2Na2CO3 + H2O → Hg + HgO + 2NaCl + 2NaHCO3    Equation  12 
 
Hg2I2 + 2 Na2CO3 + H2O→	Hg + HgO + 2 NaI + 2 NaHCO3    Equation  13 
 ........................................................................................................................................................................................  
Mercury Reactions assumed for DWTT:        
Hg(NO3)2 + 2NaOH → HgO + NaNO3+H2O       Equation  14 
 ........................................................................................................................................................................................  
Mercury Reactions assumed for DWPF Recycle during Interim Storage: 
 
Hg + NaNO3 → HgO + NaNO2 (a)       Equation  15 
 
HgCl2 + 2 NaOH → HgO + 2NaCl + H2O      Equation  16 
 
Hg2Cl2 + 2NaOH → Hg + HgO + 2NaCl + H2O      Equation  17 
 
Hg2I2 + 2NaOH → Hg + HgO + 2NaI + H2O      Equation  18 
 

 
The design basis for mercury recovery from sludge processing was estimated to be approximately 75%.  The remaining 25% 
of the mercury would be sent back in recycle to the Tank Farm with a small percentage of this mercury lost in off gas 
emissions.  Information regarding salt processing in the BDR was not included in the reaction chemistry above, due to the 
fact that the salt process described by the BDR was not deployed during radioactive operations at DWPF.  The salt process at 
DWPF has been subsequently replaced with a new flowsheet and is described in Section 2.2. 
 
Based on the reaction information above, the two main species present are mercuric oxide (HgO) in the insoluble solids of 
the sludge slurry and sodium mercurate [NaHgO(OH)] 7 in the supernate.  In the SRAT, the sodium mercurate and mercury 
oxide present in the sludge slurry are reduced to the elemental state via formic acid addition in the SRAT.  The elemental 
mercury is then steam stripped from the sludge slurry during boiling steps of the SRAT.  The vapor from the SRAT is passed 
through a condenser (cooled by process water) and the elemental mercury is then collected and subsequently removed from 

 
a The Hg endpoint has been increased to 0.8 wt.% during processing of Sludge Batch 6.  This is documented in SRR-WSE-2010-00213. 
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the Liquid Waste System via the Mercury Water Wash Tank (MWWT) through the MPC.  Residual mercury not removed via 
the steam stripping process remains in the SRAT product 8 and has the following four potential fates: 
 
 Sent to the melter (~1150˚C), volatilized and collected in the OGCT,  
 Potentially collect in the mercury sumps of the process vessels, 
 Potentially collect in the off gas systems downstream of the SRAT in the CPC and Melt Cell (MC), and/or  
 Undergoes chemical reactions due to the acidic conditions present in the condensate collection vessels (MWWT, 

SMECT, and OGCT) and is sent back in recycle waste via the RCT to the Tank Farm. 
 

In essence, all of the BDR reactions listed above appear to be reasonable and in line with the current process based on the 
constituents and acids added/generated during processing with the exception of the reaction chemistry (Equations 11 through 
13) defined for the OGCT, quencher, ejector and scrubbers.  The BDR contains an assumption that NaOH is added to the 
OGCT to reduce corrosion and improve NOx scrubbing efficiency.  NaOH is not currently added to the OGCT and the 
OGCT is acidic based on a sample characterization performed in 2005.9  The predominant anions in the OGCT are nitrate 
followed by fluoride, formate, and chloride.  Based on this change, a further review of literature was performed.  In 2009, a 
preliminary modeling effort was completed to evaluate the impact of elevated mercury in the melter feed on the melter off-
gas system10.  The model predictions represent a vapor pressure driven off-gas carryover excluding the physically-entrained 
solids (which typically account for much of the off-gas carryover).  Based on this modeling effort, a low percentage of the 
mercury fed to the melter is expected to be oxidized to HgCl and HgCl2 (percentage depends on available chloride 
concentration in the feed and vapor temperature of the melter) and HgO.  The majority of the mercury is assumed to be 
elemental mercury entering the melter off gas (MOG) system.  It is also noted in the model study that the subsequent 
formation of submicron semi-volatile salts in the condensate liquid is considered to be unlikely.  The products of the 
modeling output and solution chemistry in the OGCT appear to be consistent with the available data for the OGCT 
condensate.  Thus, confirming the potential mercury reactions assumed in the BDR for vitrification and that the products of 
the vitrification become the reactants in the OGCT.   
 

2.2 Timeline of Operation for DWPF 

After an extensive design, construction, and cold run campaign effort, DWPF began radioactive operation in 1996 to process 
retrieved sludge slurry from F and H Tank Farms utilizing a sludge only flowsheet with nitric acid and formic (dilute form 
initially, then switched to 90 wt. %) acid.  As a part of the process, sludge slurry is received from the Low Point Pump Pit 
(LPPP) in the 221-S canyon building, chemically adjusted with acids, and frit is added to the adjusted sludge slurry so that a 
durable borosilicate glass waste form can be produced when the feed is vitrified in the melter.  As a result of the evaporation 
of water during the feed preparation and vitrification steps, a recycle waste stream is generated and sent back to the Tank 
Farm via the LPPP.  The LPPP contains three tanks.  One tank is dedicated to the receipt of sludge slurry, one tank is 
dedicated to receiving recycle waste stream and the last tank was to receive processed salt solution.  
 
DWPF operated in a sludge only mode until June of 2008.  During that time, an alternate salt processing flowsheet was 
commissioned.  As a result of salt processing, two streams are sent to DWPF for incorporation into the final glass product.  
The streams from salt processing include a strip acid stream containing Cs-137 called strip effluent (SE) produced from a 
Modular Caustic Side Solvent Extraction Unit (MCU) and a monosodium titanate (MST)-sludge solids stream or sludge 
solids stream (if no MST strike is required) produced from the ARP.  The ARP product is transferred to the Precipitate 
Reactor Feed Tank (PRFT) and SE is sent via piping through the LPPP to the Strip Effluent Feed Tank (SEFT) in the 221-S 
canyon building.  The current flow path for the sludge slurry, salt streams (ARP and SE), and condensate streams for DWPF 
are presented in Figure 1.  In Figure 1, the blue represents the sludge slurry flow path, the yellow indicates the flow path for 
the salt streams coming to DWPF and the green indicates the flow path of condensate/recycle back to the Tank Farm. 
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OGCT – Is located in the CPC and is the receipt tank for condensate generated from the melter.  The nominal operating 
volume of the OGCT is ~9,000 gallons. 
DWTT – Is located in the CPC and receives hot and warm decontamination solutions, decontamination waste solutions from 
the vessels and equipment being decontaminated, drains and overflows from the Mercury Purification Process, and dissolving 
spent High Efficiency Mist Eliminator (HEME)/High Efficiency Particulate Air (HEPA) filter dissolutions among many of 
the support functions it serves.  The nominal operating volume of the DWTT is ~9,000 gallons. 
Melter – Is located in the Melt cell and receives material from the MFT for vitrification.  The maximum volume of the melter 
is 1,414 gallons. 
 
As indicated previously, DWPF has been in radioactive operation for 20 years.  During these 20 years, DWPF has processed 
10 different macrobatches of sludge slurry and the products generated from 13 macrobatches of salt.  The information 
provided below in Table 1 summarizes the length of time each sludge batch was processed, the sludge batch number /source 
tanks/Canyon additions to the sludge batch, the sludge type (H Modified Plutonium Uranium Extraction (HM) waste or 
Plutonium Uranium Extraction (PUREX)), Salt Batch number, and the key observations for that particular timeframe.  The 
total mercury concentrations for the sludge and salt batches are presented in Figure 2 and Figure 3, respectively. 
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Figure 2 – Total Mercury Concentrations in mg/kg for Sludge Batches Processed in DWPF 
 

 
 

Figure 3 – Total Mercury Concentrations mg/L for Salt Batches 
 

In reference 3, it was estimated that DWPF has received ~608 gallons of mercury (based on a total mercury analysis 
performed for each sludge batch, volume received into the SRAT and SRAT receipt density) based on the sludge slurry 
contribution alone.  Since that initial estimate, DWPF has processed 28 additional SRAT batches adding another 40 gallons 
of mercury to the 608 gallons received making the total mercury inventory sent to DWPF ~648 gallons.  See Appendix A for 
SB calculations.  Based on the information provided in Table 1 and Appendix A, about 20% of the mercury [~124 gallons 
total = (23 gallons recovered + 77 gallons in the MWWT and SMECT+ 24 gallons to air emissions)] has been recovered 
and/or accounted for out of the ~648 gallons brought into DWPF.  It is also known that low spots in the piping, filter 
assemblies and scrubber packing are ideal locations for mercury to collect or adhere on the surfaces.  Outside of mercury 
holdup in DWPF process equipment, CPC sump #1 also contains some elemental mercury from an event when a MWWT 
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is added to the SRAT.  However the total quantity of antifoam added is limited due to its negative impact on CPC and 
MOG flammability.  To compensate for the limited quantity of antifoam, the pounds per hour of steam added to the vessel 
is controlled.  This can result in longer stripping times to achieve the desired mercury removal in the final product.  The 
addition of formic acid to the tank also results in the production of hydrogen from the noble metal catalyzed decomposition 
of formic acid and the destruction of a large fraction of the formate added as formic acid.  Due to higher levels of noble 
metals in the recent sludge slurry batches, the total amount of acids added has been limited due to catalytic hydrogen 
production.  The limitation placed on total acid added during the CPC in turn constrains the ability to meet the other SRAT 
processing goals.   
 
The goals of SME processing are to: 

• Ensure Product Composition Control System (PCCS) limits are met by blending correct amounts of sludge and frit, 
• Ensure waste loading commitment is met,  
• Ensure each SME batch is below the 897 g/m3 fissile limit (glass oxides basis),  
• Ensure MOG flammability limits are met, 
• Minimize hydrogen production from the noble metal catalyzed decomposition of formic acid, and  
• Maximize weight percent solids. 

 
In the SME, the main source of hydrogen production can be attributed to the process frit additions.  The process frit 
additions contain a small amount of formic acid.  During SB6 operations at DWPF, samples of the SME product were 
obtained to ensure that SME products meet the mercury limit established for processing of that SB through the melter.  The 
material balance performed for the SME product indicates that some of the mercury is removed during the boiling steps of 
the SME (via steam stripping).  The mercury removed during this step would transfer to the SMECT.  As a result of the 
formate destruction in the SRAT and SME, the ending pH for the SME product can be high (10 to 11).  The rheological 
properties of the products can be influenced by the ending pH and weight percent total solids.  As the pH rises, the 
rheological properties of the sludge slurry tend to shift towards a thicker mud-like material.  This has resulted in the facility 
targeting lower weight percent solids to compensate for the unfavorable rheological properties at elevated pH.  The other 
phenomena observed during SME processing is coil fouling.  Although the cause has not yet been determined, it is 
probably a combination of the chemistry (e.g. high pH) and rheological properties of the sludge slurry.  The sample data 
for the SME coil, in Table 2, indicate the presence of mercury.  The facility has compensated for this issue by targeting 
lower wt.% solids for the SME product and monitoring the performance of the steam coil. 
 
Process Vessel Vent (PVV) and Mercury Transfer Header 

 
The Process Vessel Vent (PVV) and Mercury Transfer Header provide ventilation pathways for the process tanks.  
Drawing M-M7-S-0000523 provides simplified schematic of the pathway for the main process vessels and is displayed 
below in Figure 6. 
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The Eurofins FGS supplied deionized water and 250 mL pre-cleaned, clear and amber glass bottles.  For Shipment #13, the 
Eurofins FGS also supplied preservative (1.0 mL 50% H2SO4) for the bottles designated for methyl- and ethylmercury 
analysis.  For Shipments #14, #15, and #16, SRNL supplied the 1.2 mL concentrated HCl preservative for the bottles 
designated for methyl- and ethylmercury analysis.  Triplicate samples of each material were prepared for these shipments.  
Each replicate was analyzed for seven Hg species: total Hg, total soluble (dissolved) Hg, elemental Hg [Hg(0)], ionic 
(inorganic) Hg [Hg(I) and Hg(II)], methymercury [CH3Hg+], ethylmercury [C2H5Hg+], and dimethymercury [(CH3)2Hg].  
The difference between the total Hg and total soluble Hg after subtracting Hg(0) gives the particulate Hg concentration, i.e. 
Hg adsorbed to the surface of particulate matter in the sample but without resolution of the specific adsorbed species.  The 
analytes were determined from samples in four separate bottles: 1) MeHg and ethyl mercury; 2) DMHg; 3) total mercury and 
soluble total (dissolved) mercury; and 4) ionic (inorganic) mercury and elemental mercury.  The ionic mercury was 
determined after purging the sample of elemental mercury. 

 
Final aliquot dilutions were prepared by SRNL, packaged, and shipped to Eurofins FGS within 24-36 hours and maintained 
as close to 4 °C as possible.  The descriptions below provide details of the Eurofins FGS methods. 

 
Dissolved vs. Total Mercury 
The samples are filtered through 0.45 µm disposable filtration devices for dissolved mercury.  When using filtration, an 
unquantifiable fraction of the dissolved volatile species can be lost, and so understate the dissolved total Hg 
concentration.  Analysis directly of the filter post filtration can also be used to quantify particulate mercury. 
 
Quantification of Dimethylmercury 
DMHg is first extracted from a sample aliquot (0.025 to 2.00 mL, depending upon expected concentration) by dilution 
into 50 mL of reagent water, and direct purging for 17 minutes at a flow rate of 200 mL/min from solution into 
Carbotrap columns.  After collection on the Carbotrap, the columns were dried by passing nitrogen through for seven 
minutes.  For analysis, the loaded Carbotrap column is placed in-line with a packed column isothermal GC(GC) (1-m 
column, 4 mm ID, packed with 15% OV-3 on Chromasorb-WAW-DMSC; held at a constant 80 °C), and thermally 
desorbed into an argon stream which carries the Hg species into the GC column.27  In the column, the following species 
can be easily separated: elemental Hg, (CH3)2Hg, CH3HgC2H5, and (C2H5)2Hg.  Under the conditions of these 
experiments, however, the only meaningful peak is (CH3)2Hg, which passes through the column with a retention time of 
approximately 2.5 minutes, after a meaningless “marker” peak of elemental Hg at about 1 minute.28  The gas stream 
from the GC column passes through a pyrolytic column held at approximately 800 °C, which breaks down all Hg species 
to elemental Hg, that are then quantified by cold vapor atomic fluorescence spectrometry (CVAFS), as detailed 
elsewhere.27  The mass (ng) of Hg contained in each aliquot analyzed is quantified by comparison of the measured peak 
heights to the slope of a calibration curve analyzed from aliquots of a (CH3)2Hg stock solution analyzed in the same 
manner.  The initial stock solution was custom prepared in isopropanol and certified for concentration by oxidization and 
analysis for total mercury after confirming the absence of other known species.  A working solution of 1.0 ng/mL in 
methanol was prepared.  Recertification of the concentration is performed annually by oxidation and analysis for total 
mercury. 
 
Quantification of Methyl and Ethyl Mercury  
MeHg and ethylmercury were analyzed similarly to the DMHg described above, except that the aliquot of sample was 
diluted with a pH 4.9 acetate buffer, and the sample first ethylated for 17 minutes with sodium tetraethyl borate for 
methylmercury27,28 or propylated with sodium tetrapropylborate for ethylmercury.  This reagent converts CH3Hg+, which 
is non-volatile, into MeHg (CH3HgC2H5), which is volatile.  This species is then analyzed by purge and trap with 
Carbotrap, and isothermal GC-CVAFS.  The initial calibration standard employed for MeHg was a 100 µg/mL stock 
solution prepared by Absolute Standards (Hamden, CT), which was used to prepare a 1 ng/mL working standard.  The 
accuracy of this standard was verified by daily comparison to a secondary standard prepared by Sigma Aldrich (St Louis, 
MO).  The initial calibration standard employed for ethylmercury was a 4.4 µg/mL stock solution prepared by Applied 
Isotope Technologies (Sunnyvale, CA).  The accuracy of this standard was verified by daily comparison to a secondary 
standard prepared by Sigma Aldrich (St Louis, MO) and certified for concentration by oxidization and analysis for total 
mercury after confirming the absence of other known species. 
 
Quantification of Total, Inorganic, and Elemental Mercury 
Prior to analysis for total Hg, bromine monochloride (0.2M BrCl in 12M HCl) was added to the samples in their 
collection containers, at level of 1 mL per 100 mL of sample for total mercury analysis.  The samples were then allowed 
to digest overnight at room temperature.  Aliquots of each digest (0.01 to 100 mL, depending upon concentration) were 
reduced to elemental Hg in reagent water by the addition of SnCl2, and then the elemental Hg purged onto gold traps as a 
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For Batch 736, two out of the three total Hg values are within 20% of each other.  From the Eurofin data, ionic Hg 
appears to be the highest in the SMECT after “Initial Concentration” which coincides with nitrous oxide production in 
the SRAT and MeHg appears to increase over the cycle.  The potential causes of the MeHg being present in the 
SMECT could be due to a couple of sources.  The first source is the SE.  The SE is added during boiling conditions in 
the SRAT and the MeHg present in the stream could be steam stripped.  Based on the SE volume added to Batch 736 
and concentration reported in Figure 12, this only accounts for ~ 0.12 kg of the 4.2 kg calculated to be in the SMECT if 
all of the MeHg present in the SE is steam stripped.  Other potential sources of MeHg are a reaction of degraded 
antifoam products with ionic mercury present in the SRAT and SME which is subject to steam stripping, the formation 
of MeHg in the CPC off gas train, and formation of MeHg in the SMECT itself.  It is also noted that ethyl mercury was 
present in the baseline sample for Batch 736, but it was not present in the other samples retrieved from the SMECT.  
The ethyl mercury concentration is low and is likely create from the same sources as the MeHg. 
 
Antifoam is added during SRAT and SME processing to prevent foam overs into the CPC off gas system.  The 
antifoam agent is combination of two wetting agents that are siloxane polyalkyleneoxides and subject to degradation 
under SRAT and SME processing conditions.  As noted earlier, Hg+2 species are available in the sludge slurry to react 
with the methyl groups present in the antifoam and produce DMHg and MeHg.  These compounds are more than likely 
produced while the sludge slurry is caustic and hot 42 (heat up to acid addition and caustic boiling conditions of the 
SRAT) and/or after the completion of formic acid addition (due to SE addition).  The MeHg produced during the SRAT 
and SME cycles could be steam stripped contributing to the mass observed in the SMECT.  The DMHg is very volatile 
and would readily leave the SRAT and SME vessels.43  Upon contact of DMHg with acidic conditions in the off gas 
system, the DMHg would degrade rapidly to MeHg and condense out in either the condensers or ammonia scrubbers 
and reside in the SMECT.43,44  The other source where MeHg could be produced is the SMECT itself.  The antifoam 
degrades in the SRAT and SME to produce volatile and flammable components including hexamethyldisiloxane, 
trimethylsilanol and propanal.  Some of these volatile components condense and have been detected in the condensate 
45 along with the presence of ionic mercury.  It is possible that these conditions produce MeHg, however literature 
surveys do not address the reaction chemistry for the conditions in the SMECT.  To prove formation, experimentation 
would have to be completed. 
 
For Batch 738 two out of the four samples for total mercury are within 10% of each other.  There were two carryover 
events during the SRAT cycle.  Like Batch 736, the total mercury mass increases during the SRAT cycle.  From the 
Eurofins data, ionic Hg appears to be the highest in the SMECT at “End of SRAT”.  MeHg appears to increase over the 
SRAT cycle like it did for Batch 736.  About 4 kg of MeHg is produced in Batches 736 and 738.  This appears to be 
independent of the amount of total mercury present in the SMECT.  The methyl and ionic mercury present at the “End 
of SME” appears to be diluted by the condensate from the SME cycle.  Also, ethyl mercury was detected in the SMECT 
at the “End of SME cycle”.  The source of ethyl mercury is likely from the antifoam added to the SRAT and SME 
vessels. 
 
The speciation data from Batch 736 and 738 were put on a percentage basis to determine if any trends exist for the 
samples analyzed.  This data is found in Table 14.  
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For Batch 735, the soluble mercury ranges from 12% to 37% and ~ 40 kg of mercury was returned to the Tank Farm 
using the total mercury results reported.  For Batch 736 (contains Batch 737 condensate) and Batch 738, it appears 47.4 
kg and 88 kg are returned to the Tank Farm, respectively.  The increase in mercury for Batch 738 is more than likely 
due to the carryover events that occurred during SRAT processing.  The results for Batch 735 and Batch 736 appear to 
agree within reason.  Based on the data for the SMECT and OGCT, the results observed in the RCT are not unexpected. 
 
The RCT speciation data from Eurofins FGS and the total mercury results reported from the DWPF Laboratory 
collected for Batch 735and Batch 736 are presented in Figure 22.  The data are reflected in concentration (mg/kg) and 
mass (kg).  The colors blue and red represent the end of the SRAT and end of the SME processing for Batch 735, 
respectively.  The green and orange represent the end of the SRAT and end of the SME processing for Batch 736, 
respectively. 
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Only one sample compared well between DWPF and Eurofins FGS for total Hg.  Two out of the four are within 31% 
and one sample is within 53% for total Hg.  The RCT batches containing SMECT condensate from the SRAT cycle 
appear to be higher in Hg than the RCT batches containing SMECT condensate from SME processing.  This trend 
holds for all of the speciation.  The mass of MeHg in Batch 736 “End of SRAT” RCT sample correlates to the mass of 
MeHg transferred from the SMECT.  As can be seen from the data presented in Table 19, the percentages vary quite a 
bit.  The RCT samples for Batch 735 are impacted by the same issue as Batch 735 OGCT samples.  The ionic mercury 
for these samples was measured prior to the elemental mercury from the sample and therefore it is by the high levels of 
elemental mercury present.  The variation in the results for Batch 736 could be due to the fact that the solids were 
settled out from the samples.  If mercurous nitrate or mercuric nitrate is present, it would react with the caustic that is in 
the RCT.  The caustic is added to the RCT to meet the Tank Farm transfer requirements.  During neutralization of the 
acidic streams, mercurous oxide or mercuric oxide could be produced based on the forms of mercury in the SMECT 
and OGCT.  The mercurous oxide and mercuric oxide would settle in out of solution during interim storage in the Tank 
Farm.  Mercurous oxide is chemically unstable and rapidly decomposes to form HgO and Hg upon the application of 
heat.  The mercury results reported for the RCT are not unexpected based on its current operation and chemistry.  This 
however does not agree with the assumption in the BDR that ~75% of the mercury would be recovered.  It appears that 
based on the current reaction chemistry, that 25% to 57%47 is retained in DWPF, when looked at on an individual batch 
basis.  To improve the recovery of mercury in DWPF, the elemental mercury that resides in the MWWT and SMECT 
should be removed to prevent its reaction with the nitric acid present in these tanks. 

 

5.0 CONCLUSIONS 

The following conclusions can be made about the data presented in this report: 
• Sludge slurry, PRFT (MST/sludge solids) and SE are three main streams that are received at DWPF for processing.  

Based on the total mercury analyses of the SE and PRFT, the total contribution of the mercury to the DWPF coupled 
operations is less than 1% during ARP/MCU operations.  This percentage increases to around 4% during Salt Waste 
Processing Facility (SWPF) operations.  Based on speciation analysis, SE is also a source of MeHg.  The likely source 
of MeHg is the salt solution fed to ARP/MCU which contains a small fraction of DWPF recycle material.   

• The majority of the reactions related to the mercury chemistry, outlined in the BDR, were consistent with the mercury 
analysis of the products and condensate streams.  The exception to this was the reaction chemistry for the OGCT and 
the identification of methyl and ethyl mercury (via sample analysis) in the SMECT.  

• No mercury speciation has been performed on a sample of sludge slurry.  This is needed to confirm the forms of 
mercury assumed in the BDR are correct. 

• Mercury speciation data was obtained for the SMECT, OGCT, and RCT.  Mercury species present in all three process 
vessels include ionic, elemental, and particulate mercury.   

• Ethyl mercury was found in one of the SMECT samples taken from Batch 736.  It was also found in one sample taken 
from Batch 738.  MeHg was found in all of the SMECT samples and appears to increase over the cycle time of the 
batch.  Possible sources include: 

- Reaction of the degradation products of antifoam with ionic mercury species present in the condensate,  
- Steam stripping of MeHg produced/added (SE) during SRAT and SME processing, and  
- The decomposition of DMHg to MeHg under acidic conditions, if present.  It should be noted that the 

DMHg was found in one sample from Batch 738 at a low concentration.    
• Nitrous/nitric acid is produced as a by-product of the neutralization reactions in the SRAT and is collected in the 

MWWT and SMECT.  Nitric acid additions are also made to the SMECT to maintain the pH acidic.  These acids can 
react with the elemental mercury present in the tank’s sump and trench forming mercurous nitrate and potentially 
mercuric nitrate.   

• The mercury mass balances performed during SRAT and SME cycles indicate that a significant amount of elemental 
mercury potentially resides in the SMECT and is not removed via the MWWT. 

• The concentration of mercury in the OGCT depends on mercury reduction/ strip efficiency of the CPC (i.e. SRAT and 
SME processing).  Mercury not removed during the CPC process volatilizes in the melter and is condensed in the 
OGCT. 

• The amount of mercury in the RCT is dependent on the mercury content of the SMECT and the OGCT.  Thus, the 
mercury concentration is expected to vary batch to batch based on the CPC operation, the rate of formation for 
mercurous/mercuric nitrate and other mercury species, and MOG operation.  Based on the limited data sets, the 
SMECT appears to be the largest contributor of elemental mercury to the RCT. 

• Mercury material balance closure is challenging due to the changing conditions (solubility and forms) of condensate 
streams.  Based on the results of individual batches, it appears between 25% and 57% of the mercury is currently 
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retained after feed preparation steps are complete.  This is inconsistent with the BDR assumption that 75% would be 
retained/removed at DWPF during SRAT processing. 

• SRAT Batch 736 indicates mercury is not consistently being removed from the SRAT as intended.  Based on the results 
of the SME, it appears the mercury was reduced during the SRAT, but not steam stripped.  The reason for this is 
unknown. 

• The sequence of the caustic addition to the RCT has changed to be earlier in the process.  The presence of elemental 
mercury in the RCT samples supports the assumption in the BDR that since mercury slowly oxidizes in caustic, the 
oxidation should occur during the long term storage in the Tank Farm.  

• The analytical results obtained for the RCT samples did not include solids analysis (sample was decanted to remove 
solids).  Thus, the BDR assumption in regards to elemental mercury adsorbing on to the RCT solids could not be 
evaluated. 

6.0 RECOMMENDATIONS AND FUTURE WORK 

 
 Nitric acid additions should be tailored to minimize the amount of nitric acid added to the SMECT to minimize 

oxidation of elemental mercury present in the tank’s sump and trench.   
 Complete the path forward actions outlined in SRR-WSE-2015-00055. 
 If possible, the SRAT Product mercury analysis should be continued, to ensure the type of behavior observed during 

Batch 736 was an anomaly. 
 Based on the formation of ethyl mercury and MeHg during CPC operations and its potential impact to Saltstone grout, 

efforts should be made to investigate the following: 
- More stable antifoams for the pH conditions of the CPC, 
- Minimization of the antifoam amounts added during CPC processing, when possible,  
- The mechanism of ethyl mercury and MeHg production in the SMECT.  Currently, literature surveys indicate 

no published data to address the reaction chemistry for the conditions that exist in the SMECT, and  
- Complete feasibility studies related to sludge speciation, conversion of organic mercury to elemental mercury, 

and grout formulations to retain higher organic mercury content as funded under Environmental Management 
Technology Development Program (Fiscal Year 2016).
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Gordon Smith, 210-S 
Irvin Rubin, 210-S 
Mark Sautman, 703-41A 
Daniel Burnfield, 703-41A 
Hasmukh Shah, 766-H 
Maria Rios-Armstrong, 766-H 
Bill Holtzscheiter, 766-H 
Bill Wilmarth, 773-A 
Chris Martino, 999-W 
Tom Colleran, 773-67A 
Frank Pennebaker, 773-42A 
Bob Petras, 707-3E 
Azi Samadi, 704-27S 
Andy Sudduth, 704-25S 
Chris Bannochie, 773-42A 
Vijay Jain, 766-H 
John Occhipinti, 704-56H 
Bruce Klein, 704-S 
Kevin Brotherton, 704-27S 
Grant Thomas, 704-27S 
Austin Chandler, 704-27S 
Lauryn Jamison, 704-27S 
DCC, 766-H 
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APPENDIX A – DWPF Mercury Mass Balance for Sludge Slurry 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 



  X-ESR-S-00279 
  Revision 1 

Page 56 of 56 

 

APPENDIX B – Mercury Results for SEHT 

 
 
 


