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2DB00-CJF-19-002 
 
January 15, 2019 
 
 
Dear Interested Parties: 
 
 
EXPRESSION OF INTEREST (EOI) FOR PROVIDING TRANSPORTATION, TREATMENT, 
AND POSSIBLY DISPOSAL OF SECONDARY LIQUID OR POWDER WASTE FROM THE 
EFFLUENT TREATMENT FACILITY (ETF) ON THE HANFORD SITE 
 
Washington River Protection Solutions (WRPS) is seeking prospective contractors who are interested 
in and capable of providing commercial services consisting of transportation, treatment, and possibly 
disposal of the secondary process waste generated at the Effluent Treatment Facility (ETF) located in 
the 200 Area at the U.S. Department of Energy’s Hanford Site in southeastern Washington State.  The 
secondary process waste ETF produces can be generated as either a liquid, as a concentrated brine, or 
a solid, in a powder form.  It would be preferable if prospective vendors could receive the waste as 
both brine and powder.  However, if prospective vendors provide an explanation why it would be 
necessary for them to receive the material in only a concentrated brine or solid powder form or if 
there is some overriding benefit in doing so, then WRPS may consider producing the secondary waste 
as only a powder or brine waste form. 

Background 

The U.S. Department of Energy (DOE) Office of River Protection (ORP) owns the 200 Area ETF.  
The ETF has been treating wastewaters from processing activities at the Hanford Site since 1994.  
Before wastewaters are treated at ETF they are collected and accumulated in three surface 
impoundment retention basins, each with a 7.8 million gallon capacity.  Wastewaters of different 
compositions from different sources are collected in separate basins and processed through the ETF in 
campaigns.  Campaigns can be less than 1 million gallons or can be as large as the capacity of a basin.  
Collected wastewater processed through ETF will be mixed radioactive and hazardous waste.  
Currently ETF separately collects and treats wastewaters referred to as process condensate and 
leachate.  In the future ETF will also collect and treat an additional wastewater stream from Hanford’s 
Waste Treatment and Immobilization Plant (WTP) that is currently under construction.  This future 
wastewater is referred to as WTP effluent.   

Wastewaters are processed in campaigns through the ETF’s main treatment train.  The main treatment 
train at ETF includes, in order: pH adjustment; coarse filtration; ultraviolet/hydrogen peroxide 
oxidation (UV/OX); pH adjustment; excess peroxide decomposition; degasification; fine filtration; 
reverse osmosis (RO); and, ion exchange (IX).  The secondary waste streams (e.g., filter flushes, RO 
reject, IX regeneration waste) from the ETF’s main treatment train are collected in the secondary 
treatment train where they are concentrated in an evaporator to a brine or, if there are compelling 
reasons, the brine can be subsequently dried to a powder waste form.  The secondary waste of interest 
for this EOI is the brine and/or powder waste stream of concentrated salts and other contaminants 
generated in the secondary treatment train.  Currently, the brine stream is converted to a powder waste 
form and disposed at a facility on the Hanford Site.  Due to operational considerations, both brine and 
powder may be produced in the future.  Alternative treatment and disposal paths are being considered 
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for the secondary waste from ETF once the WTP facility becomes operational.  Based on current 
schedules, the new wastewater stream will need to be treated at the ETF as soon as October 2021.  
The planned operational period for this EOI is fiscal year 2022, beginning October 2021, through 
fiscal year 2033, ending September 2033. 

The process condensate wastewater stream that ETF currently treats is Resource Conservation and 
Recovery Act (RCRA) listed hazardous waste (F001-F005)/Washington State dangerous waste1.  The 
leachate wastewater stream is a multi-source leachate from disposal facilities and therefore 
additionally carries the F039 waste code.  Mixing of F039 leachate streams with other effluents is 
generally avoided because the entire combined wastewater would carry the F039 waste code and be 
subject to the relevant treatment standards for disposal.  The future wastewater stream, WTP effluent, 
requiring treatment at ETF is anticipated to generate brine that will carry both RCRA listed waste 
codes F001-F005 and RCRA toxicity characteristic waste codes due to the presence of lead (D008) 
and mercury (D009).  No underlying hazardous constituents existed above the wastewater universal 
treatment standards in 40 CFR 268.48 for the WTP effluent, so no additional treatment requirements 
are imposed.  In all cases, concentrations of applicable F001-F005/F039 constituents are below 
treatment standards in 40 CFR 268.40 as generated for the three brine and powder waste streams.  No 
organic constituent destruction treatment technologies are required as part of the required treatment 
for the three brine and powder waste streams. 

Quantities of incoming wastewater and produced brine as well as the brine composition estimates for 
the three wastewaters to be treated at ETF are in Attachment A.  The details on the quantity of dried 
powder waste form and composition estimates for the powder waste form, in lieu of the brine streams, 
are in Attachment B. 

The wastewater will be fed to the ETF from three basins one each for process condensate, leachate, 
and WTP effluent.  The feed to the ETF will be done in campaigns with wastewater from only one 
basin being fed to the ETF at a time.  The minimum processing time for each basin campaign will be 
approximately 50 days.  Typical processing times to complete a campaign can range from 1.5 to 3 
times the minimum processing time.  The basins are large enough so that it is unlikely that more than 
two basin campaigns will be performed in a year.  The waste profiles of the basin contents vary 
because each basin will only receive wastewater from specific sources.  Therefore, the 
treatment/stabilization process shall need to be able to accommodate the three different profiles.   

The brine is collected and staged at ETF in two, 5,000 gallon concentrate tanks.  The brine is not 
currently being transported offsite from ETF but WRPS is considering installing intermediate bulk 
container (IBC) tote (likely 330 gallon totes) loading capability and tanker loading capability. 

WRPS has been in the process of developing a solidified waste form for disposal of the brine waste 
that may be used as a possible treatment method.  It is expected the waste form will be finalized by 
September 2019.  The waste form has been developed to limit ammonia evolution from the waste 
during the preparation and curing of the solidified waste.  A description of the waste form and how it 
is prepared is provided in Attachment C.  The vendor is under no obligation to use the solidified waste 
form described in Attachment C.  Regardless of the treatment selected, the vendor must guarantee that 
the treated waste produced shall meet LDR for the location where it will be disposed.  If the waste is to 

                                                 
1 Dangerous waste is defined by the Washington Administrative Code (WAC), WAC 173-303 and includes 
waste designated as hazardous waste at Title 40, Code of Federal Regulations, Part 261, Identification and 
Listing of Hazardous Waste. 
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be returned to the Hanford site for disposal in the IDF then it must meet LDR for onsite disposal at the 
Hanford Site (see criteria in HNF-EP-0063, Revision 17, Hanford Site Solid Waste Acceptance 
Criteria, Sections 2 & 3 – the document can be accessed at the following link:  
https://www.hanford.gov/?page=579.) and TCLP testing for toxic metals.  

Summary of Work Scope 

The work associated with this EOI is to: 

 Provide transportation of the secondary waste as brine and powder; 
 Solidify and stabilize the brine and powder to produce a waste form in compliance with 

appropriate land disposal requirements; 
 Packaging the treated waste in containers acceptable for transporation (if necessary) and 

disposal; and, 
 Disposing of the treated waste 

o At an approved facility or: 
o Returning the waste to the Hanford site for disposal at the IDF 

 

The vendor shall provide a description of the method for treating the waste.  The vendor shall also 
provide a description of the physical characteristics (internal and external dimensions, net weight and 
gross weight) of the packaging for the treated waste. 

Quality Requirements 

The activity will be considered general service, quality level 3.  The vendor shall perform the work 
under a nationally recognized quality program (e.g., NQA-1, ISO, U.S. Federal program). 

Environmental Regulatory Requirements 

The treated waste must meet the land disposal requirements for the site at which the waste will be 
deposited.  

Requested Information in Response 

 
Interested firms are invited to submit an expression of interest letter to include a response to the 
following:  
 

1. Your company’s desire to participate in the competitive opportunity for a future contract of 
this work scope. 

2. Your company’s technical comprehension/understanding of the WRPS work scope.   
3. Identify the certified quality program under which you would perform this work scope. 
4. Your company’s technical expertise and experience in providing treatment/stabilization of 

mixed hazardous and low level radioactive waste (MLLW).  Please provide examples where 
you have performed transportation, treatment, waste packaging, and disposal or MLLW over 
the last decade similar to the waste and quantities/rates described in this EOI. 

5. Identify whether your company would be interested in providing only treatment services, 
only disposal services, or treatment and disposal services.  If disposal services are through a 
second party and not directly by your company please identify this fact and where you would 
propose disposing the waste.  Also identify if you would be willing to provide transportation 
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services for transport of the brine or powder and/or for the treated waste destined for the 
disposal facility. 

6. Provide a description of what types of containers (drums, totes, liquid tankers, etc.) and types 
of wastes (brine only, powder only, brine and powder) your facility is currently permitted to 
receive. 

7. If your facility can receive tankers of brine, describe the process you would use to remove 
any residual solids that may have formed in the tanker during brine transport.  

8. Identify whether your company is capable of and would be interested in providing treatment 
services for both brine and powder, or only brine, or only powder.  If your proposed facility 
currently can only accommodate brine or powder but not both and would require physical 
modification or permit modifications please identify what those changes are to accommodate 
one or the other waste form.  Depending on your answer to this question, please answer 
questions 8-17 for brine or powder or both. 

9. Provide a description of the extent/limitations of your radioactive material license and a 
comparison of the brine and powder (depending on your response to item 6 above) 
radiological characteristics to your current radioactive material license limits.  Identify the 
fraction of your current license possession limit for the identified radionuclides in the brine 
and powder.  If the possession and processing of any of the waste would require a change to 
your radioactive material license please identify which radionuclide(s) are causing the 
exceedance.  Consider all other radioactive materials that you would typically have at your 
facility in determining whether your existing radioactive material license is adequate or 
would require amendment.  If the license requires amendment please describe the process, the 
time required and examples of when you have successfully modified your license in the past. 

10. Provide a description of the extent/limitations of your RCRA treatment, storage, disposal 
permit and a comparison of the brine and powder (depending on your response to item 6 
above) hazardous characteristics to your current hazardous waste permit.  Identify whether 
the necessary storage, treatment and disposal activities to manage the brine and powder can 
be performed under your existing permit or if it would require modification.  If the permit 
requires modification please describe the process, the time required, and examples of when 
you have successfully modified your permit in the past. 

11. Identify any other permitting modifications (e.g., air emissions) you anticipate would be 
required to manage the brine and powder. 

12. Provide a description of your company’s facility (or facilities if you have more than one 
prospective facility you might use) and equipment in that facility that you would propose to 
use for storing, treating, and disposing the MLLW.   

13. Provide a description of your company’s proposed process to treat the brine and powder 
including the capacity/processing rate of processing equipment to receive, stage, and process 
the MLLW.  Include the expected volume of the treated waste produced for the brine and 
powder waste volume in Tables A-1 and B-1.  Also include a description of the physical 
characteristics (internal and external dimensions, net weight and gross weight) of the 
container you would propose using for the treated waste.  

14. Provide a cost estimate, for budgetary purposes only, for transport of brine and powder waste 
streams from the Hanford Site in southeastern Washington State to your proposed treatment 
facility location.  If there are differences in the cost to transport brine and powder for any of 
the wastewater streams (refer to Tables A-2 through A-4 for brine compositions and Tables 
B-2 through B-4 for powder compositions) please identify the cost for transport of each of the 
individual streams. 

15. Provide a cost estimate, for budgetary purposes only, for treatment of brine and powder waste 
streams at your proposed treatment facility location.  If there are differences in the cost to 
treat brine and powder for any of the wastewater streams (refer to Tables A-2 through A-4 for 
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brine compositions and Tables B-2 through B-4 for powder compositions) please identify the 
cost to treat each of the individual streams. 

16. Provide a cost estimate, for budgetary purposes only, for disposal of treated waste streams 
(refer to Tables A-2 through A-4 for brine compositions and Tables B-2 through B-4 for 
powder compositions) at your proposed disposal facility location (unless you only propose to 
return the treated waste to Hanford for disposal at the IDF).  If there are differences in the 
cost to dispose treated waste for any of the wastewater streams please identify the cost to 
dispose each of the individual streams. 

17. Provide a date by which you could be prepared to transport, treat and dispose the waste. 
 

Vendor Responses 

Please send all correspondence regarding this EOI to Christopher_J_Franz@rl.gov.   Please be aware, 
this is not a Request for Proposal, but a request for an Expression of Interest.  WRPS will not award a 
Subcontract(s) based on this Expression of Interest, nor pay for information solicited.  Questions and 
your response to this expression of interest are due by Noon (Pacific Time Zone) Monday, February 
11, 2019 to Christopher_J_Franz@rl.gov.        

We look forward to hearing from you regarding this request. 
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Attachment A 

Details on the ETF Secondary Liquid Waste Brine Quantity and 
Composition to be Solidified/Stabilized  
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The planned operational period for this EOI is from the beginning of fiscal year 2022 (October 2021) 
through the end of FY2033 (September 2033).  The wastewaters expected to be generated during this 
time period are “process condensate,” “leachate,” and “WTP effluent.”  The process condensate, 
leachate, and WTP effluent will be stored in three separate retention basins.  The ETF processes 
waste from these basins in campaigns.  Each campaign is typically limited to the contents of a single 
basin.  Each campaign is performed with a specific waste processing strategy including primary 
operating parameters unique to the composition of the waste processed during the campaign.  For this 
EOI, it should be assumed that campaigns of 5,400,000 gallons will be processed through ETF.  This 
requires a campaign annually for the WTP effluent, a campaign triennially for leachate, and at a 
variable frequency for process condensate.  For this EOI, it will be assumed that a 5,400,000 gallon 
campaign of process condensate will be required every three years.  This overestimates the required 
frequency during the first half of the DFLAW operating period but is representative of the second half 
of the time period of interest.  

Table A-1 provides the estimated quantity of brine produced from performing campaigns annually for 
WTP effluent and once every three years for process condensate and leachate during the time period 
of interest. 

Table A-1.  Generated Brine Volume Estimates During Time Period 

Fiscal Year 
Estimated Annual Brine Production Rate (Gallons) 

Process Condensate Leachate WTP Effluent 
2022 -- -- 60,800 
2023 7,440 -- 60,800 
2024 -- 23,600 60,800 
2025 -- -- 60,800 
2026 7,440 -- 60,800 
2027 -- 23,600 60,800 
2028 -- -- 60,800 
2029 7,440 -- 60,800 
2030 -- 23,600 60,800 
2031 -- -- 60,800 
2032 7,440 -- 60,800 
2033 -- 23,600 60,800 

 

The brine production rate varies with the type of wastewater being treated by ETF.  Minimum 
processing times for completing a campaign are as follows: 

 Process condensate – minimum process time 50 days (brine produced at 0.10 gpm) 
 Leachate – minimum process time 65 days (brine produced at 0.25 gpm) 
 WTP Effluent – minimum process time 50 days (brine produced at 0.84 gpm) 

Typical processing times to complete a campaign can range from 1.5 to 3 times the minimum 
processing time.  Brine is produced during the entire process campaign, and it can be assumed this is 
at a relatively steady rate.  
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Brine is collected in one of two storage tanks at ETF that are each nominally 5,000 gallons.  The brine 
is collected as the bottoms from an evaporator that operates at approximately 220oF.  These storage 
tanks are not equipped with cooling.  It should be expected that the temperature of the brine requiring 
solidification and stabilization could be as high as 170oF (although not typical) at the time it is loaded 
into its packaging for shipment.  This will require packaging materials of construction appropriate for 
the higher temperature (typical HDPE bottle for intermediate bulk container [tote] may not be 
appropriate). 

The composition of brine produced from processing process condensate through ETF is provided in 
Table A-3.  The composition of brine produced from processing leachate through ETF is provided in 
Table A-4.  The composition of brine produced from processing WTP effluent through ETF is 
provided in A-5. 

 

Table A-3.  Brine Composition Estimate from Processing Process Condensate at ETF 

Properties 

pH Measurement (unitless) – 5.5 

Density – 1.14 kg/L 

Inorganic Constituents (mg/L) 

Arsenic 1.45E-03   Mercury 1.41E-01  Hydrogen Peroxide 4.33E+02  

Barium 8.73E-01   Nickel 1.09E+00  Ammonia 9.11E+00  

Beryllium 7.27E-01   Potassium 4.82E+01  Ammonium 5.49E+04  

Cadmium 2.18E-01  Selenium 1.45E+00  H2CO3 6.06E+00  

Calcium 5.90E+04  Silver 7.27E-01  Bicarbonate 4.71E+02  

Chlorine 4.59E+02  Sodium 2.33E+03  Carbonate 8.22E-03  

Chromium 2.18E+00  Vanadium 7.27E-01  Dissolved CO2(aq) 2.49E+03  

Copper 7.01E+00  Zinc 4.15E+00  Water (H2O) 8.61E+05  

Fluorine 7.30E+01  Nitrate 4.43E+02  Hydronium (H+) 3.19E-03  

Iron 2.92E+01  Nitrite 9.07E+01  Hydroxide (OH-) 5.38E-05  

Lead 2.30E+00  Phosphate 1.58E+02  Bisulfate 4.19E+01  

Magnesium 4.04E+02  Silica (SiO2) 7.25E+01  Sulfate 1.57E+05  

Manganese 1.45E+00      

Organic Constituents (mg/L) 
Carbon 
Tetrachloride 3.63E-01 Chloroform 9.07E-02  Methylene Chloride 5.53E-03  

Radionuclides (pCi/L) 

Gross alpha 7.06E+03   Technetium-99 1.86E+04  Neptunium-237 4.47E+02  

Gross beta 2.22E+06   Iodine-129 5.24E+03  Plutonium-238 4.72E+02  

Tritium 1.51E+06  Cesium-137 2.80E+06  Plutonium-239/240 5.12E+02  

Cobalt-60 6.99E+03  Radium-226 6.06E+02  Americium-241 1.69E+02  
Strontium-90 2.65E+04        
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Table A-4.  Brine Composition Estimate from Processing Leachate at ETF 

Properties 

pH Measurement (unitless) – 10.5 

Density – 1.05 kg/L 

Inorganic Constituents (mg/L) 

Aluminum 1.61E+01  Magnesium 2.34E+03  Silica (SiO2) 5.89E+03  

Antimony 2.05E+00  Manganese 8.59E-01  Cyanide 9.17E-01  

Arsenic 3.85E+00  Mercury 1.28E-02  Hydrogen Peroxide 1.56E+02  

Barium 1.03E+01  Nickel 6.19E-01  Ammonia 1.05E+00  

Beryllium 3.48E-01  Potassium 1.55E+03  Ammonium 6.35E-02  

Bromine 3.45E+01  Selenium 3.99E-01  
Carbonic Acid 
(H2CO3) 2.09E-07  

Cadmium 1.60E-02  Silver 7.79E-01  Bicarbonate 1.62E+00  

Calcium 1.06E+04  Sodium 2.12E+04  Carbonate 2.83E+00  

Chlorine 8.90E+03  Thallium 6.30E+00  Carbon Dioxide(aq) 8.59E-05  

Chromium 2.28E+00  Titanium 6.19E-01  Water (H2O) 9.72E+05  

Cobalt 6.49E-01  Vanadium 5.80E+00  Hydronium (H+) 3.19E-08  

Copper 7.95E-01  Zinc 1.06E+00  Hydroxide (OH-) 5.38E+00  

Fluorine 1.29E+02  Nitrate 1.56E+04  Bisulfate 3.02E-05  

Iron 1.56E+01  Nitrite 1.73E+01  Sulfate 1.13E+04  

Lead 7.70E-02  Phosphate 8.50E+01     

Organic Constituents (mg/L) 
1,1,1-
Trichloroethane 2.77E-02  Acetonitrile 8.11E-04  Chloroform 9.64E-03  
1,1,2-
Trichloroethane 2.77E-02  

Bromodichloro 
methane 8.32E-05  Isophorone 2.76E-06  

1,1-Dichloroethane 8.32E-05  Carbazole 2.58E-06  Methylene Chloride 4.06E-04  

1,2-Dichloroethane 8.32E-05  
Carbon 
Tetrachloride 4.70E-02     

Radionuclides (pCi/L) 

Gross Alpha 9.74E+03  Uranium -234 8.16E+02  Uranium-238 7.95E+02  

Gross Beta 8.92E+03  Uranium-235 3.71E+01     
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Table A-5.  Brine Composition Estimate from Processing WTP Effluent at ETF 
Properties 

pH Measurement (unitless) – 5.5 

Density – 1.2 kg/L 

Inorganic Constituents (mg/L) 

Aluminum 1.83E+00  Mercury 2.97E+00  Yttrium 1.95E-04  

Antimony 2.98E-01  Molybdenum 3.42E-02  Zinc 9.85E-03  

Arsenic 3.82E-01  Neodymium 4.75E-03  Zirconium 2.36E-03  

Barium 3.61E-04  Nickel 5.75E-03  Nitrate 9.25E+03  

Beryllium 1.03E-03  Palladium 4.07E-02  Nitrite 2.45E+01  

Bismuth 3.84E-02  Potassium 3.04E+00  Phosphate 5.11E+01  

Boron 6.15E-01  Rubidium 1.99E-03  Silica (SiO2) 1.11E-01  

Cadmium 4.22E-03  Rhodium 5.89E-05  Cyanide 6.75E-04  

Calcium 2.41E+00  Ruthenium 1.01E-04  Hydrogen Peroxide 1.60E+00  

Cerium 4.31E-03  Selenium 5.33E-01  Ammonia 1.01E+00  

Chlorine 2.65E+02  Silver 1.76E-03  Ammonium 6.08E+03  

Chromium 5.71E-02  Sodium 7.28E+04  Carbonic Acid (H2CO3) 1.36E+01  

Cobalt 2.73E-04  Strontium 6.40E-05  Bicarbonate 1.06E+03  

Copper 1.06E-02  Tantalum 2.58E-05  Carbonate 1.85E-02  

Fluorine 3.34E+00  Tellurium 1.89E-02  Dissolved CO2 (aq) 5.60E+03  

Iron 2.04E-02  Thorium 1.34E-03  Water (H2O) 9.45E+05  

Lanthanum 1.29E-04  Thallium 2.09E-02  Hydronium (H+) 3.18E-03  

Lead 8.38E+00  Titanium 2.57E-04  Hydroxide (OH-) 5.37E-05  

Lithium 7.05E-03  Vanadium 7.70E-04  Bisulfate 4.26E+01  

Magnesium 1.71E-01  Tungsten 1.02E-01  Sulfate 1.60E+05  

Manganese 8.52E-02        

Organic Constituents (mg/L) 

2-Nitrophenol 7.79E-04  Butyraldehyde 3.09E-02  Formate 6.87E+00  

4-Nitrophenol 4.75E-06  Diethyl Phthalate 7.64E-06  Methylene Chloride 5.83E-03  

Acetonitrile 1.88E+01        

Radionuclides (pCi/L) 

Tritium 3.24E+04  Europium-154 3.25E+03  Uranium-238 4.73E+01  

Carbon-14 5.81E-06  Europium-155 4.26E+02  Neptunium-237 9.29E+01  

Cobalt-60 2.67E+02  Radium-226 4.49E+00  Plutonium-238 1.04E-01  

Selenium-79 3.17E+05  Uranium-232 6.52E+04  Plutonium-239/240 4.21E-01  

Strontium-90 1.19E+04  Uranium-233 1.48E-04  Plutonium-241 5.19E-01  

Technetium-99 1.24E+07  Uranium-234 6.71E+01  Americium-241 3.49E+01  

Iodine-129 1.14E+06  Uranium-235 2.87E+00  Curium-244 6.69E+03  

Cesium-137 4.82E+00  Uranium-236 4.84E+00     

1  Lead and Mercury exceed the Universal Treatment Standard 40 CFR 268.48. 
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Attachment B 

Details on the ETF Secondary Powder Waste Quantity and 
Composition to be Solidified/Stabilized  
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Table B-1.  Powder Volume and Drum Estimates from Processing the Effluent 
Treatment Facility 

Fiscal Year 

Estimated Annual Powder Production Rate (Kilograms / Drums) 

Process Condensate Leachate WTP DFLAW Effluent 

2022 -- -- 58,600 kg / 313 drums 
2023 7,840 kg / 42 drums -- 58,600 kg / 313 drums 
2024 -- 6,930 kg / 37 drums 58,600 kg / 313 drums 
2025 -- -- 58,600 kg / 313 drums 
2026 7,840 kg / 42 drums -- 58,600 kg / 313 drums 
2027 -- 6,930 kg / 37 drums 58,600 kg / 313 drums 
2028 -- -- 58,600 kg / 313 drums 
2029 7,840 kg / 42 drums -- 58,600 kg / 313 drums 
2030 -- 6,930 kg / 37 drums 58,600 kg / 313 drums 
2031 -- -- 58,600 kg / 313 drums 
2032 7,840 kg / 42 drums -- 58,600 kg / 313 drums 
2033 -- 6,930 kg / 37 drums 58,600 kg / 313 drums 
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Table B-2.  Powder Composition Estimate from Processing the Average Process Condensate 
Composition Effluent 

Properties 

Assumed powder density 1.0 kg/L 

Powder loaded into 55-gallon (208-L) drums, filled 90% full, 187 kg powder per drum 

Inorganic Constituents (mg/kg) 
Arsenic 5.21E-03  Manganese 5.21E+00  Silica (SiO2) 2.60E+02  

Barium 3.13E+00  Mercury 5.05E-01  Hydrogen Peroxide 1.55E+03  

Beryllium 2.61E+00  Nickel 3.91E+00  Ammonia 3.27E+01  

Cadmium 7.82E-01  Potassium 1.73E+02  Ammonium 1.97E+05  

Calcium 2.12E+05  Selenium 5.21E+00  Carbonic Acid (H2CO3) 2.17E+01  

Chlorine 1.65E+03  Silver 2.61E+00  Bicarbonate 1.69E+03  

Chromium 7.82E+00  Sodium 8.36E+03  Carbonate 2.95E-02  

Copper 2.51E+01  Vanadium 2.61E+00  Dissolved CO2(aq) 8.94E+03  

Fluorine 2.62E+02  Zinc 1.49E+01  Hydronium (H+) 1.14E-02  

Iron 1.05E+02  Nitrate 1.59E+03  Hydroxide (OH-) 1.93E-04  

Lead 8.24E+00  Nitrite 3.25E+02  Bisulfate 1.50E+02  
Magnesium 1.45E+03  Phosphate 5.66E+02  Sulfate 5.64E+05  

Organic Constituents (mg/kg) 

Carbon Tetrachloride 1.30E+00  Chloroform 3.25E-01  Methylene Chloride 1.98E-02  

Radionuclides (pCi/kg) 

Gross Alpha 2.53E+04  Technetium-99 6.67E+04  Neptunium-237 1.60E+03  

Gross Beta 7.96E+06  Iodine-129 1.88E+04  Plutonium-238 1.69E+03  

Cobalt-60 2.51E+04  Cesium-137 1.00E+07  Plutonium-239/240 1.84E+03  

Stronitum-90 9.50E+04  Radium-226 2.17E+03  Americium-241 6.06E+02  
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Table B-3.  Powder Composition Estimate from Processing Leachate Effluent 

Properties 

Assumed powder density 1.0 kg/L 

Powder loaded into 55-gallon (208-L) drums, filled 90% full, 187 kg powder per drum 

Inorganic Constituents (mg/kg) 

Aluminum 2.08E+02  Magnesium 3.01E+04  Phosphate 1.09E+03  

Antimony 2.64E+01  Manganese 1.11E+01  Silica (SiO2) 7.58E+04  

Arsenic 4.95E+01  Mercury 1.64E-01  Cyanide 1.18E+01  

Barium 1.32E+02  Nickel 7.96E+00  Hydrogen Peroxide 9.56E+01  

Beryllium 4.48E+00  Potassium 2.00E+04  Ammonia 1.36E+01  

Bromine 4.44E+02  Selenium 5.13E+00  Ammonium 8.17E-01  

Cadmium 2.06E-01  Silver 1.00E+01  Carbonic Acid (H2CO3) 2.68E-06  

Calcium 1.36E+05  Sodium 2.72E+05  Bicarbonate 2.09E+01  

Chlorine 1.14E+05  Thallium 8.11E+01  Carbonate 3.64E+01  

Chromium 2.94E+01  Titanium 7.96E+00  Carbon Dioxide(aq) 1.11E-03  

Cobalt 8.34E+00  Vanadium 7.46E+01  Hydronium (H+) 4.10E-07  

Copper 1.02E+01  Zinc 1.36E+01  Hydroxide (OH-) 6.91E+01  

Fluorine 1.66E+03  Nitrate 2.01E+05  Bisulfate 3.88E-04  

Iron 2.00E+02  Nitrite 2.23E+02  Sulfate 1.46E+05  

Lead 9.90E-01        

Organic Constituents (mg/kg) 

1,1,1-Trichloroethane 3.56E-01  Acetonitrile 1.04E-02  Chloroform 1.24E-01  

1,1,2-Trichloroethane 3.56E-01  Bromodichloromethane 1.07E-03  Isophorone 3.55E-05  

1,1-Dichloroethane 1.07E-03  Carbazole 3.32E-05  Methylene Chloride 5.21E-03  

1,2-Dichloroethane 1.07E-03  Carbon Tetrachloride 6.04E-01     

Radionuclides (pCi/kg) 

Gross Alpha 1.25E+05  Uranium-234 1.05E+04  Uranium-238 1.02E+04  

Gross Beta 1.15E+05  Uranium-235 4.78E+02     
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Table B-4.  Powder Composition Estimate from Processing Waste Treatment and 

Immobilization Plant Direct Feed Low-Activity Waste Program Effluent 
Properties 

Assumed powder density 1.0 kg/L 

Powder loaded into 55-gallon (208-L) drums, filled 90% full, 187 kg powder per drum 

Inorganic Constituents (mg/L) 

Aluminum 7.18E+00  Manganese 3.34E-01  Tungsten 4.00E-01  

Antimony 1.17E+00  Mercury1 1.16E+01  Yttrium 7.63E-04  

Arsenic 1.49E+00  Molybdenum 1.34E-01  Zinc 3.86E-02  

Barium 1.41E-03  Neodymium 1.86E-02  Zirconium 9.24E-03  

Beryllium 4.02E-03  Nickel 2.25E-02  Nitrate 3.62E+04  

Bismuth 1.50E-01  Palladium 1.60E-01  Nitrite 9.61E+01  

Boron 2.41E+00  Potassium 1.19E+01  Phosphate 2.00E+02  

Cadmium 1.65E-02  Rubidium 7.80E-03  Silica (SiO2) 4.33E-01  

Calcium 9.45E+00  Rhodium 2.31E-04  Cyanide 2.65E-03  

Cerium 1.69E-02  Ruthenium 3.97E-04  Hydrogen Peroxide 6.28E+00  

Chlorine 1.04E+03  Selenium 2.09E+00  Ammonia 3.95E+00  

Chromium 2.24E-01  Silver 6.91E-03  Ammonium 2.38E+04  

Cobalt 1.07E-03  Sodium 2.85E+05  Carbonic Acid (H2CO3) 5.33E+01  

Copper 4.15E-02  Strontium 2.51E-04  Bicarbonate 4.14E+03  

Fluorine 1.31E+01  Tantalum 1.01E-04  Carbonate 7.23E-02  

Iron 8.00E-02  Tellurium 7.39E-02  Dissolved CO2 (aq) 2.19E+04  

Lanthanum 5.04E-04  Thorium 5.24E-03  Hydronium (H+) 1.25E-02  

Lead1 3.28E+01  Thallium 8.19E-02  Hydroxide (OH-) 2.11E-04  

Lithium 2.76E-02  Titanium 1.01E-03  Bisulfate 1.67E+02  

Magnesium 6.69E-01  Vanadium 3.02E-03  Sulfate 6.27E+05  

Organic Constituents (mg/L) 

2-Nitrophenol 3.05E-03  Diethyl Phthalate 2.99E-05  Methylene Chloride 2.28E-02  

4-Nitrophenol 1.86E-05  Di-n-octyl phthalate 2.95E-06     

Butyraldehyde 1.21E-01  Formate 2.69E+01     

Radionuclides (pCi/L) 

Carbon-14 2.28E-05  Europium-155 1.67E+03  Uranium-238 1.85E+02  

Cobalt-60 1.05E+03  Radium-226 1.76E+01  Neptunium-237 3.64E+02  

Selenium-79 1.24E+06  Uranium-232 2.55E+05  Plutonium-238 4.06E-01  

Strontium-90 4.66E+04  Uranium-233 5.79E-04  Plutonium-239/240 1.65E+00  

Technetium-99 4.86E+07  Uranium-234 2.63E+02  Plutonium-241 2.03E+00  

Iodine-129 4.47E+06  Uranium-235 1.12E+01  Americium-241 1.37E+02  

Cesium-137 1.89E+01  Uranium-236 1.90E+01  Curium-244 2.62E+04  

Europium-154 1.28E+04              1Lead and Mercury exceed the Universal Treatment Standard: 40 CFR 268.48 
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Attachment C 

Details on a Methodology Investigated by WRPS for the 
Solidification/Stabilization of the Brine to Sequester Ammonia  
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Note:  The following information is provided for information only.  The prospective vendor is not 
obligated to use the waste form described below.  Regardless of the treatment selected, the vendor 
must guarantee that the treated waste produced shall meet LDR for the location where it will be 
disposed. 

The current formulation development work for ETF secondary liquid waste by WRPS considers 
wastes with appreciable quantities of ammonia/ammonium.  Formulation development is looking to 
retain the ammonia/ammonium within the waste matrix.  Typical grout formulations using Portland 
cement result in a significant rise in the pH of the waste during mixing leading to release of ammonia 
gas, potentially in significant concentrations impactful of human health.  Such ammonia releases 
could require engineered, environmental and administrative controls to protect workers and the 
environment.   

The most recent waste matrix formulation testing work is focused on pretreatment of the brine to 
precipitate ammonium as struvite (MgNH4PO4ꞏ6H2O) (VSL-18R4520-1, Rev. 0).  The brine waste 
along with the precipitated struvite is then solidified in ground, granulated blast furnace slag, Grade 
120 (GGBFS120).  The testing did report peak ammonia emissions concentration of 35 ppm and 
approximately 2% of the ammonia present in the waste released from the waste matrix.  This was for 
a simulant with 9.5 wt% ammonium sulfate (NH4)2SO4.  For comparison the National Institute for 
Occupational Safety and Health identifies the recommended exposure limits for ammonia as 25 ppm 
time-weighted average (8 hour) and 35 ppm short term (15 minutes).  The ammonium sulfate (limited 
by ammonium) in the brine from processing process condensate (see Table A-3) is 17.7 wt%.  The 
ammonium sulfate in brine from processing WTP effluent and leachate is well below 10 wt% at 1.6 
wt% and <<1wt%, respectively.  The impacts to peak ammonia concentration generated and total 
ammonia released are not known for waste with higher ammonium sulfate content than previously 
tested. 

Testing during FY2018 was performed with the addition of magnesium chloride hexahydrate 
(MgCl2ꞏ6H2O) as the source of magnesium and sodium phosphate monobasic monohydrate 
(NaH2PO4ꞏH2O) as the source of phosphate with equimolar amounts of magnesium and phosphate 
added to the brine equivalent to the brine ammonium/ammonia concentration.  Sodium hydroxide was 
then used to adjust the pH of the waste to about 7 to allow the struvite to precipitate. 

Magnesium chloride hexahydrate and monosodium phosphate monohydrate are added to the brine 
solution at a ratio of 1 mole magnesium and 1 mole phosphate, respectively, to 1 mole of 
ammonia/ammonium in the brine solution.  Sodium hydroxide, as 50 wt% solution (density 1.515 
kg/L) is then added to achieve a pH of 7.  It is assumed sodium hydroxide is added at an amount 
needed to neutralize the two hydronium ions associated with the dissolved sodium phosphate 
monobasic monohydrate (i.e., 2 moles NaOH per 1 mole NaH2PO4ꞏH2O).  Ground, granulated blast 
furnace slag, Grade 120, is added at a ratio of 1 part by mass to 0.328 part by mass water present in 
the brine. 

The amount of material additions described in the previous paragraph and the resulting solidified 
waste volume on a per liter of brine waste basis are provided in Table C-1.  For the purposes of this 
study it is assumed that ETF will process waste in 5,400,000 gallon campaigns of waste.  The amount 
of material additions and the characteristics of solidified waste produced per a 5,400,000 gallon 
campaign for each of the effluent types is provided in Table C-2. 



 

18 

 

 

Table C-1.  Estimated Material Additions and Stabilized Waste Quantities Per Liter of 
Brine for Stabilization with Struvite Formation and Ground, Granulated Blast Furnace 

Slag, Grade 120 Solidification 

Brine Properties Process Condensate Leachate WTP Effluent 
Density (grams/L) 1,140 1,050 1,200 
NH3/NH4+ (g/L) 54.9 0.00112 6.08 
NH3/NH4+ (moles/L) 3.04 0.0000620 0.337 
Water content (g/L) 861 972 945 
Material Additions per 
Liter of Waste Process Condensate Leachate WTP Effluent 
MgCl2ꞏ6H2O (moles) 3.04 0.0000620 0.337 
MgCl2ꞏ6H2O (grams) 619 0.01266 68.5 
NaH2PO4ꞏH2O (moles) 3.04 0.0000620 0.337 
NaH2PO4ꞏH2O (grams) 420 0.00855 46.5 
NaOH (moles) 6.09 0.0000992 0.674 
50 wt% NaOH (mL) 321 0.00655 35.6 
50 wt% NaOH (grams) 487 0.00992 53.9 
Ground, granulated blast 
furnace slag, Grade 120 
(grams) 

2,630 2,970 2,880 

Solidified Waste Properties Process Condensate Leachate WTP Effluent 
Total Mass Solidified Waste 
per Liter of Brine 

5,290 4,020 4,250 

Volume Solidified Waste per 
Volume Brine1 (L/L) 

2.65 2.01 2.13 

1  Assumes solidified waste density of 2 kg/L. 
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Table C-2.  Estimated Material Additions and Stabilized Waste Quantities Per 
Campaign for Onsite Stabilization with Struvite Formation and Ground, Granulated 

Blast Furnace Slag, Grade 120 Solidification 

Treated Waste Characteristics per Campaign 

Characteristic 
Process 

Condensate Leachate WTP Effluent 
Brine Volume (Gallons) 7,440 23,600 60,800 
Brine Mass (kilograms) 32,100 93,800 276,000 

Material Additions per Campaign 

Material 
Process 

Condensate Leachate WTP Effluent 
MgCl2ꞏ6H2O (kilograms) 17,400 1.13 15,800 
NaH2PO4ꞏH2O (kilograms) 11,800 0.764 10,700 
50 wt% NaOH (gallons) 2,390 0.154 2,160 
50 wt% NaOH (kilograms) 13,700 0.883 12,400 
Ground, granulated blast furnace slag, 
Grade 120 (kilograms) 

74,000 265,000 663,000 

Solidified Waste per Campaign 

Characteristic 
Process 

Condensate Leachate WTP Effluent 
Total Mass Solidified Waste (kilograms) 149,000 359,000 979,000 
Total Volume Solidified Waste1 (m3) 74.5 179 489 
Number of 3’x4’x6’ boxes filled 90% 40.6 97.7 267 
1  Assumes solidified waste density of 2 kg/L. 

 

 


