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The U.S. Department of Enerw (DOE) 
Mixed Waste Focus Area (MWFA) is tasked 
with ensuring that solutions are available for the 
mixed waste treatment problems of the DOE 
complex. During the MWFA‘s initial technical 
baseline development process, three of the top 
four technology deficiencies identified were 
rilated to the need for amalgamation, 
stabilization, and separationlremoval 
technologies for the treatment of mercury ,and 
mercury-contaminated mixed waste. The focus 
area grouped mercury-waste-treatent activities 
into the M e r c w  Contamination Product Line 
under which development, demonstration, and 
deployment efforts are coordinated to provide 
tested technologies to meet the site needs. The 
Mercury Working Group (HgWG), a selected 
group of representatives fiom DOE sites with 
significant mercury waste inventories, is 
assisting the MWFA in soliciting, identifying, 
initiating, and managing efforts to address these 
areas. Based on the scope and magnitude, of the 
mercury mixed waste problem, as defined by 
HgWG, solicitations and contract awards have 
been made to the private sector to demonstrate 
amalgamation’ and stabilization processes using 
actual mixed wastes. Development efforts are 
currently being h d e d  under the product line 
that will address DOE’s needs for 
separatiodremoval processes. This paper 
discusses the technology selection process, 
development activities, m d  the accomplishments 

of the MWFA to date through these various 
activities. 

I. BACKGROUND AND OVERVkW 

The U.S. Department of Energy (DOE) 
Mixed Waste Focus Area (MWFA) has been 
given the.mandate to ensure that technology is 
available to treat the mixed waste inventories for 
the DOE‘complex. Mixed waste is waste that 
contains both hazardous chemical components, 
subject to the requirements of the Resource 
Conservation and Recovery Act (RCRA), and 
radioactive components, subject to the 
requirements of the Atomic Energy Act. The 
MWFA has compiled the technology, 
development needs that the DOE sites have 
indicated that must be met to Will the DOE 
mandate, and is supporting the development and 
demonstration activities that will satisfy those 
needs. The focus area’s activities have been 
organized into product lines that represent major 
types of waste, handling or characterization 
problems, or process-related deficiencies. This 
paper summarizes the activities of the Mercury- 
Contamination Product Line and outlines the 
plans to ensure that technologies are deployed to 
handle the full spectrum of mercury- 
contaminated mixed waste. 

A. Mercury Contaminated Mixed Waste 

DOE’s diverse set of mercury- 
contaminated wastes comes fiom DOE- 
supported research, development and 
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manufacturing work in a variety of fields. Some 
origins of the waste include medical isotope 
research, spill-cleanup residues, nuclear plant 
operational support equipment and waste, and 
weapons manufacturing secondary streams. In 

, 1996, over 38,000 m3 of mixed low-level and 
transuranic waste containing mercury had been 
inventoried in the DOE complex. Future 
decontamination and decommissioning activities 
are expected to generate waste streams that will 
dwarf current inventories. The Mercury 
Contamination Product Line addresses the low- 
level-radioactive portion of these wastes, though 
most of the technologies, with some minor 
modifications, could be generalized to treat other 
wastes. 

RCRA defines several categories of 
mercury wastes (40 CFR 268.40), each with a 
defined technology-based treatment standard, or 
a Universal Treatment Standard (UTS). For non- 
wastewaters with mercury concentrations at or 
above 260 mgkg (ppm) and RCRA-regulated 
organic contaminants (other than incinerator 
residues), incineration (IhERC) or retorting 
(RMERC) is the identified treatment standard. 
For non-wastewaters with mercury 
concentrations at or above 260 ppm that are 
inorganic, including incinerator and retort 
residues, RMERC is the ideritified treatment 
standard. Amalgamation (AMLGM) is 
identified as the treatment standard for elemental 
mercury. However, mercury condensates from 
RMERC processes also require amalgamation. 
Residues from IMERC processes with 
contamination.1evels at or above 260 ppm of 
mercury will require RMERC, followed by 
AMLGM of the condensate. W R C  residues- 
with less than 260 ppm will also require some 
form of stabilization. 

B. Technology Development Needs 

Because under RCRA- the required 
treatment for mercury-contaminated wastes 
varies with mercury concentradon and waste 
matrix, and many, otherwise suitable waste 
treatment technologies have not been tested in a 
radioactive environment, the DOE sites have 
identified a number of needs for proven mercury- 
waste-treatment systems. These needs were 
collected and prioritized against all DOE mixed 
waste treatment needs and published in the 
MWFA Integrated Technical Baseline Report‘. 
The prioritized needs as included in that report 
are shown in Table 1. Subsequent technology 

development and demonstration efforts have 
been and continue to be aimed at meeting the 
needs in the listed areas: amalgamation, 
stabilization, and separation. 

. The plans for mercury treatment technology 
development and demonstration efforts are 
compiled in the Mercury and Mercury- 
Containing Waste Technology Development 
Plan *. This overall plan is updated as the needs 
of the complex are updated and redefined. 

II. TREATMENT TECHNOLOGY 
DEVELOPMENT AND DEMONSTRATION 

As previously indicated, the mercury 
treatment technology development and 
demonstration activities within the Mercury- 
Contamination Product Line are divided into 
three major areas: amalgamation, stabilization, 
and separatiodremoval. The following sections 
describe the activities in each of these areas. 

A. Amalgamation 

The iMWFA initiated elemental mercury 
amalgamation activities in July of 1996, issuing 
a Request for Information (RFI) about 
commercially available mercury treatment 
technologies through the Commerce Business 
Dai&. Based on the responses, private industry 
appeared to have systems that could effectively 
amalgamate large quantities of mercury, though 
none had significant experience with radioactive 
mercury. Table 2 lists development activities, 
schedule, and current status for amalgamation 
technologies sponsored by the m A  and 
conducted by the HgWG. As indicated in Table 
2, contracts were issued for mercury 
amalgamation demonstrations to two private 
firms: Nuclear Fuels Services 0’n;S) in Erwin, 
Tennessee, and ADA Technologies in 
Englewood, Colorado. Radioactive elemental 
mercury from four different sites was used for 
these demonstrations, eliminating five Mixed 
Waste Inventory Report (MWIR)3 streams while 
presenting the subcontractors with a range of co- 
contaminants to challenge their processes. Table 
3 lists the wastes treated by each vendor. Both 
vendors met the Land Disposal Restriction 
(LDR) requirement of C0.2 mg/L Toxicity 
Characteristic Leaching Procedure (TCLP). NFS 
reported TCLP for all wastes treated of 
<.02mg/L, which meets the proposed UTS limit. 
ADA achieved greater than 99.9% amalgamation 
of the elemental mercurv. while NFS estimates 



that they achieved similar results, though data for 
NFS are not yet available. 

B. Stabilization 

Stabilization demonstrations will be 
conducted for both a 6 0  ppm and >260 ppm 
mercury wastes. The following sections 
summarize those efforts. 

C. 260 pprn Mercury Wastes 

The responses to the MWFA's RFI also 
indicated that commercial vendors had processes 
that should be able to stabilize mercury at 
concentrations less than 260 ppm in sludge h d  
soil matrices. Nuclear Fuel Services (NFS) of 
Irwin, Tennessee, Allied Technology Group 
(ATG) of Richland, Washington, and 
International Technology Corporation (JTC) of 
Knoxville, Tennessee were awarded contracts. 
However, because the MWFA and the HgWG 
have experienced considerable difficulty in 
obtaining wastes for use in the demonstrations, 
and because stabilization of different species of 
mercury has become important, the contracts 
have been amended. The new contracts require 
stabilization of a surrogate soil prepared with 
five separate mercury species: elemental 
mercury, mercury oxide, mercuric chloride, 
mercury sulfide, and an organomercury. These 
tests will demonstrate the efficacy of the 
processes in stabilizing more than just a single 
mercury species that might-be found in an actual 
waste. In addition, ion exchange resin 
contaminated bith mercury will be supplied by 
Portsmouth to be used in radioactive 
demonstrations by NFS and ATG. Table 4 
summarizes the efforts of the MWFA and the 
HgWG in working with the private sector in 
demonstrating a60 ppm, mercury stabilization 
technologies. 

D. >260 ppm Mercury Wastes 

The Environmental Protection Agency 
(EPA) is interested in obtaining data to support 
changing the regulations for treatment of wastes 
with greater than 260 ppm mercury (High 
Mercury). Contracts are in place with two 
vendors to stabilize mercury-contaminated soil 
from Brookhaven National Laboratory. Two 
different soils will be stabilized, one with 6,000 
ppm mercury and the second with 18,000'pp.m 
mercury. A new set of EPA-developed waste 
form analyses will be used to assess the treated 

waste to determine whether the mercury will 
leach under a variety of conditions. These 
protocols are under consideration for replacing 
the TCLP for LDR regulations. If the 
stabilization efforts are successfid, the EPA has 
indicated that they will support Determinations 
of Equivalent Treatment @ET) for the 
participating vendors. The vendors will be able 
to treat waste under the DETs until the 
regulations are changed to allow their use 
permanently. 

E. SeparatiodRemoval 

The RFI indicated that non-thermal 
mercury removal technologies were not available 
in the commercial sector, so the MWFA initiated 
DOE research in that area. Two broadly 
applicable non-them1 fechnologies are under 
development by principal investigators supported 
by the MWFA: Polymer Filtration Technology 
(PFT) and Self-supported Mercaptans on 
Mesoporous Silica ( S A M M S ) .  PFT uses 
polymers to bind with mercury dissolved from a 
mixed waste matrix. The solution is then fdtered 
to remove the complexed mercury. The mercury 
is then chemically removed from the polymer as 
elemental mercury and amalgamated. The first 
application of this process is to be removal of 
mercury from otherwise-incinerable soft debris 
waste streams. The PFT process will be 
demonstrated on a pilot scale in fiscal year 1999. 
PFT will also be included in tests on removing 
mercury from scrubber liquors. 

The SAMMS material absorbs large 
quantities of dissolved mercury from solution. 
S A M M S  material will also be used in the 
scrubber liquor tests, as well as tests to remove 
mekury from contaminated organic liquids. An 
engineered form of the S M S  material is 
being tested on removing mercury from Oak 
Ridge indusbial effluents and creek waters to 
reach parts per trillion levels. Some testing has 
been conducted where' S A M M S  material was 
coupled with the solution from the General 
Electric Mercury Extraction Process (GEMEP) 
to determine whether that process would be 
improved by using S A M M S  in place of the iron 
filings currently used to remove mercury from 
solution. 

Using varied forms of these bo processes, 
extraction of mercury fiom mixed waste matrices 
should become feasible without resorting to the 
use of a thermal treatment technotogy. 



III. NATIONAL, INITIATIVES 

One of the main obstacles to deployment of  
mercury treatment technologies at the DOE sites 
is the small volume of most of the waste streams 
involved. In order to ensure that the treatment 
capability is available to all of the sites at a 
reasonable price, national contracts will be 
placed to allow individual sites to take advantage 
of low procurement costs, economies of scale, 
and lower disposal rates. Waste fiom all of the 
participating sites will be combined into a 
treatment campaign to achieve the economies of 
scale and reduce the individual shipments to the 
disposal site. The first initiative is for elemental 
mercury amalgamation, which will be used as a 
test case. In this effort the MWFA is teaming 
with the National Center of Excellence for Low 
Level Waste. If the first initiative is successful, 
others will follow for other waste types. 

IV. CONCLUSION 

The MWFA with the assistance of the 
HgWG is working toward the development and 
demonstration of technologies that can 
effectively treat the full spectrum of mercury- 
contaminated wastes in the DOE inventory. 
Demonstrations of mercury amalgamation 
technologies have been completed and Integrated 
Technology Summary Reports have been issued 
to make the information gleaned fiom the studies 
available to the entire DOE complex. 
Demonstrations of mercury stabilization 
technologies are underway. If they prove 
successhl, the EPA may change the High 
Mercury regulations to allow stabilization of 
mixed wastes in that category. Non-thermal 
mercury separation technologies are under 
development, but will require at least a year 
before they are ready for deployment. 
Macroencapsulization technologies are 
commercially available and have been 
demonstrated on other mixed wastes. Other 
small volume streams with unique matrices such 
as organic liquids will be considered, depending 
on the demand from the sites. With this suite of 
treatment technologies, the MWFA will be able 
to meet the mercury-contaminated mixed waste 
needs of the DOE complex. National initiatives 
will be used to ensure that those technologies are 
cost-effectively deployed. 
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Table I. Prioritized list of technology deficiencies for mercury and 

Activity 
1. Mercury 

Stabilization 
(MWFA priority 2) 

2. Mercury Separation/ 
Removal 
(MWFA priority 7) 

3. Mercury 
Amalgamation 
( M A  priority 8) 

mercury-contaminated wastes 

Description 
Toxic metal contaminants regulated under the Resource Conservation and 

Recovery Act (RCRA) contained in mixed wastes require removal or 
stabiIization to control solubility under the conditions of the Toxic 
Characteristic Leach Procedure (TCLP) before the wastes can be 
disposed of. Under RCRA, mercury at contamination levels less 
than 260 ppm ( a 6 0  ppm requires retorting) require stabilization to 
control mercury solubility to the Universal Treatment Standards 
( ~ 0 . 2  ppm). Verification of treatment (i.e., penetrating the entire 
matrix and stabilizing essentially all of the mercury in the system) is 
required. 

The presence of mercury complicates the design of off-gas systems, 
stabilization of residuals, and monitoring of all effluents. It may be 
advantageous to remove the mercury as a pretreatment to simplify 
downstream operations. New techniques must be developed to 
remove (physically or chemically) the mercury for separate 
stabilization. Waste matrices from which mercury separation may be 
required include soil, all types of process residues or sludges and 
particulate materials, and debris. Processing methods must ensure 
adequate removal and include measuring and monitoring methods to 
control and verify the process. 

Elemental mercury may be derived as a product of retorting high- mercury 
(>260 ppm) wastes or recovered from the off-gas of a thermal 
treatment unit, in addition to the elemental mercury streams h the 
DOE mixed waste inventory. Radioactive merciuy can probably not 
be completely purified and verified for recycle. Disposal of the 
mercury will require amalgamation to form a stable, insoluble 
product for disposal. Methods and equipment designs are required 
for amalgamating bulk non-recyclable mercury. 

. 



Table 2. MWFA and HGWG activities to address priority technology deficiencies for 
mercury and mercury-contaminated wastes requiring amalgamation 

Date 
July 1996 

November 
1996 

February 
1997 

April 1997 

June to July 
1997 

November 
1997 to 
February 
1998 

November 
1997 to April 
1998 

June 1998 

~ 

Activity 
Commerce Business Daily 
announcement for scoping 
demonstrations for the three priority 
deficiencies. 

Issued requests for proposals (RFPs) 
and statements of work (SOWS) for 
mercury amalgamation treatment 

Waste streams selection 

Award of contracts to treat elemental mercury 
waste streams from DOE sites 

Mercury amalgamation vendor test plan 
evaluation 

Delivery of wastes to both vendors 

Amalgamation testing 

Integrated Technology Summary Reports 

Status 
40 responses received 

2 vendor responses 
(Nuclear Fuel Services and 
ADA Technologies) 

Streams selected 

Contracts awarded to both 
Vendors 

Test plans received from 
Vendors 

Wastes reached fixst vendor in 
November and second vendor in 
February 

First vendor complete March 
1998. Second vendor complete 
April 1998. 

Scheduled for completion 



Table 3. Elemental mercury streams used in amalgamation demonstrations 

Vendor 

NFS, 

NFS 

NFS 

ADA 

ADA 

Site 

Idaho National Engineering and 
Environmental laboratory 

Diversified Scientific Services (INEEL retort 
residues) 

Oak Ridge K-25 

Los Alamos National Laboratory 

Fernald 

Weight TCLP 

C0.02 
(7 v/v% oil) 

51 Kg 

112 Kg 

20 Kg 

<0.02 

<0.02 

<o. 1 

xo.1 



Table 4. MWFA and HgWG activities to address priority technology deficiencies 
for mercury and mercury-contaminated wastes 

Date 
November 1996 

March 1997 

June 1997 

August 1997 

June 1998 

June to 
September 
1998 

December 1998 

< 260 ppm requiring stabilization 

Activity 
Issuance of stabilization 
Demonstrations RFP and SOW 

Waste stream selection 

Waste stream selection 

Award of contracts to treat two waste 
streams, each fiom a different DOE site 

Delivery of wastes to vendors 

Stabilization testing 

Integrated Technology Summary Reports 

Status 
5 vendor responses 
received 

Initial selections 
attempted 

Selection completed 

Contracts awarded 
to three vendors 

On schedule for 
completion 

Scheduled for 
completion 

Scheduled for 
completion 


